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Abstract 
 
Little is known of the risk factors associated with occurrence of Neospora caninum and Bovine Viral 

Diarrhoea Virus (BVDV) infection in Kenya. This cross-sectional study hypothesized that there are 

significant biosecurity measures associated with N. caninum and BVDV infections on smallholder dairy 

farms in Kenya that could be adopted to reduce seroprevalence and impacts. From 158 randomly selected 

farms in Meru County, Kenya, 470 serum samples were collected from dairy cattle (over six months of age 

and unvaccinated for these two pathogens). Sera were analyzed for antibodies to N. caninum and antibodies 

and antigens to BVDV. Data on risk factors were obtained through face-to-face interviews with the farmers. 

Multivariable logistic regression models were used to identify significant risk factors associated with 

seropositivity for the pathogens. The apparent seroprevalence of N. caninum, BVDV antibody, BVDV 

antigen, and co-infection with N. caninum and BVDV antibody and/or antigen were 35.1%, 47.1%, 36.2% 

and 18.5%, respectively. Risk factors associated with N. caninum antibody included: introducing milking 

cows into the farm, lending of cattle between farms, farm dogs having access to bovine aborted fetuses, 

and dogs whelping in the farm compound, with an interaction between the last two variables. BVDV 

antigen was associated with cattle having contact with pigs, and an interaction between cattle age and 

whether farms introduced new calves onto farms, and cattle age and whether visiting dairy farmers have 

access to the cow shed. Cows had higher odds of having BVDV antibodies compared to heifers. Factors 

associated with co-infection included cow parity, direct contact between dairy cattle, dogs and goats, and 

introducing new milking cows into the farms. Antibody and antigen results may be partly a function of 

classical swine fever virus or border disease virus interactions. Farmer education on these biosecurity 

measures is recommended, along with introduction of BVDV vaccination. 
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Introduction 

Bovine viral diarrhoea virus (BVDV) and 
Neospora caninum protozoa are known to be 
among the most common agents of disease 
associated with reproductive disorders 
worldwide (Asmare et al., 2013). However, very 
little is known about the frequency and risk 
factors of these infections in East Africa (Okumu 
et al., 2019). 
 
Domesticated and wild dogs are considered the 
definitive hosts for the N. caninum parasite, and 
several livestock and wild animal species have 
been identified as intermediate hosts (Donahoe et 
al., 2015). Horizontal transmission of N. caninum 
in cattle can occur through cattle ingesting feed, 
and water or soil contaminated with oocysts from 
infected dog feces. However vertical transmission 
by infection of fetuses in utero from infected dams 
is considered the primary transmission route 
(Kamali et al., 2014). Direct losses associated with 
N. caninum include lower milk yield in aborting 
cows and increased cow culling due to early 
embryonic death (EED) or abortions resulting 
from N. caninum, as well as reduced growth and 
feed efficiency in calves born alive (Dubey et al., 
2007).  
 
BVDV is endemic in many countries, with up to 
60-85% of unvaccinated adult cattle being 
antibody positive, demonstrating exposure to the 
virus (Lindberg and Houe 2005). A majority of 
(acute) BVDV infections are inapparent, but the 
virus is responsible for reproductive problems, 
diarrhoea, immunosuppression and respiratory 
disease syndrome and therefore has considerable 
importance financially to the cattle industry 
(Yeşilbağ et al., 2017). In the first half of gestation, 
intrauterine infections could lead to EED, 
abortions or birth of persistently infected (PI) 
calves with no detectable antibodies (Fray et al., 
2000). Infections during the second half of 
gestation could result in abortions, birth defects, 
still births, weak calves, or apparently normal 
calves, but not PI calves (Khodakaram-Tafti and 
Farjanikish 2017).  
 
Neospora caninum and BVDV are both important 
abortifacient pathogens on their own, but 
synergistic effects of concurrent infections have 

been reported (Björkman et al., 2000). It is 
hypothesized that the immunosuppressive effects 
of BVDV increase the risk of fetal infection by N. 
caninum in pregnant cows, resulting to N. caninum 
abortions. Hence, investigating these pathogens 
simultaneously is valuable. 
 
However, limited attention has been paid to these 
infections in East Africa, particularly in 
smallholder dairy farms (Yeşilbağ et al., 2017;  
Callaby et al., 2016). Olum et al., (2020) reported 
N. caninum antibodies in 24.1% of Kenyan dairy 
cattle. Kenyanjui et al., (1994) found a prevalence 
of 45.8% for BVDV in smallholder Zebu cows in 
the Kenyan coastal area, but that study did not 
identify any significant risk factors. Prevalence of 
79.1% and 25.6% were recorded for BVDV and N. 
caninum, respectively, in large dairy farms in Rift 
Valley County of Kenya (Okumu et al., 2019). 
Over 80% of the cattle seropositive for N. caninum 
were also seropositive for BVDV in that study, 
but no significant risk factors of either infection 
were identified, even though neosporosis was 
found to be common in the farm dogs (Okumu et 
al., 2016). It is unclear how widespread these 
infections are in Kenya, especially within 
smallholder dairy farming systems (which 
constitute 80% of farms in the dairy industry in 
Kenya), or what factors are associated with 
infection.  
 
The objective of this study was to determine the 
seroprevalence of these two pathogens and their 
associated factors in smallholder dairy farms in 
Kenya to identify evidence-based control 
strategies.  

 

Materials and methods 

Study area and population 
The study was conducted in 2016 to 2017 in the 
Naari sub-location of Meru County, Kenya. This 
study area is located on the north-eastern slopes 
of Mount Kenya and borders the great Mount 
Kenya forest, approximately 2000 meters above 
sea level. It has daytime high temperatures 

ranging from 16°C during the cold season (July-

August) to 35°C in the hot season (January-
February), and receives an average rainfall of 500 
to 2600 mm each year (worldweatheronline.com). 
The study area is well-suited for small-scale dairy 
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farming since it usually has sufficient 
precipitation and fertile soils. This region has no 
history of vaccination for BVDV or N. caninum. 
 
The complete list of active member farmers of the 
Naari Dairy Farmers Cooperative Society 
(NDFCS) was obtained, and from these dairy 
farms, a list of 200 farmers was generated 
randomly through computer generated random 
numbers. The area covered by the NDFCS is 
divided into eight regions, and sampling was 
proportional to the total number of farms per 
region, producing a stratified random sample of 
farms. On each selected farm, up to 3 cows and 3 
heifers older than six months of age were eligible 
for this study so that the overall results represent 
typical smallholder farmers in Kenya, without a 
bias toward larger farms. If farms had more than 
3 cows or heifers, random sampling was used to 
identify which animals to include in the study. 

 

Data and sample collection 
Participating farms were visited in September-
October 2016 and March-April 2017, and blood 
samples were collected into labelled red top tubes 
with clotting agent (manufactured by Benton, 
Dickinson) from the coccygeal vein of eligible 
cows and heifers on the farm on the date of the 
farm visit. The March-April 2017 farm visits 
allowed for sampling heifers that were too young 
on the first visit, and other cattle that were not on 
the farm on the first visit (e.g. on community 
pasture, lent to another farm when feed supplies 
dwindled, or purchased since the first visit), up to 
the 3 cow and 3 heifer limit per farm. Physical 
exams (including body observation, thoracic 
auscultation, abdominal auscultation and 
percussion, and rectal temperature and 
palpation) were completed on the cattle prior to 
blood collection. 
 
The collected blood samples were kept on ice 
during transport, and in the evening, allowed to 
stand and clot undisturbed at room temperature 
for 3-6 hours. The serum was transferred into 
serum vials and frozen at -20oC until the time of 
laboratory analysis.  
 
During the first visit, a questionnaire was also 
administered to the farmer during a face-to-face 
interview, and the information obtained 

included: animal and farm demographics (e.g. 
breed, age, breeding method, parity, and herd 
size), animal reproductive history, and questions 
about their management practices that were 
hypothesized as potential risk factors (e.g. 
whether it was possible that their cattle came into 
contact with other animals during the last year). 
On farms where cattle were sampled during both 
visits, the questionnaire was re-administered 
during the second visit for confirmation of the 
answers given during the first visit. Where the 
data differed between visits, the farmer was 
asked for the response that better represented the 
normal practices or circumstances of the farm. 

 

Laboratory analysis 
The serum samples were tested for antibodies to 
N. caninum, and antibodies and antigen for BVDV 
using commercial enzyme linked 
immunosorbent assays (ELISA) conducted at the 
University of Nairobi. For N. caninum exposure, 
the Neospora Ab Test® kit (IDEXX Laboratories, 
Switzerland) was used according to the 
manufacturer’s instructions, which indicated a 
serum-to-positive (S/P) ratio equal to, or above, 
0.5 was considered positive. According to the 
manufacturer, this kit is reported to have a 
sensitivity of 90% and specificity of 95%. 

The presence of BVDV antigen was tested with 
the BVDV Ag/Serum Plus Test® kit (IDEXX 
Laboratories, Switzerland), according to the 
manufacturer’s instructions, which indicated an 
S/P ratio above 0.3 was considered positive. 
According to the manufacturer, this kit is 
reported to have a sensitivity of 98.7% and 
specificity of 95% and can detect the majority of 
BVDV 1 and 2 antigens. 

 
For BVDV antibody testing, the BVDV Total 
Antibody Test® kit (IDEXX Laboratories, 
Switzerland) was used according to the 
manufacturer’s instructions, which indicated an 
S/P ratio equal to, or above, 0.3 was considered 
positive. According to the manufacturer, this kit 
is reported to have a sensitivity of 100% and 
specificity of 95% and can detect the majority of 
BVDV 1 and 2 antibodies. The University of 
Nairobi laboratory staff were blinded to all the 
data on the tested animals. 
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Data management and analysis 
Data were entered and organised in an Excel 
spreadsheet (Microsoft, Sacramento, California, 
USA). The unit of analysis was seropositivity for 
the two pathogens for each individual animal in 
the farm at the time of sampling.  Descriptive 
statistics (seroprevalence, mean, standard 
deviation, 95% confidence interval – CI) for the 
animal- and farm-level variables were calculated, 
and analytical statistics assessing factors 
associated with infection (below) were conducted 
using STATA/IC 13.0 (StataCorp LLC, College 
station, Texas, USA). With the imperfect 
sensitivities and/or specificities of the laboratory 
tests used, all seroprevalence estimates were 
considered apparent prevalence. 
 
Significant risk factors associated with infections 
of N. caninum and BVDV were determined 
through multivariable logistic regression models 
through the steps in the next paragraph. In total, 
four models were fit to determine: 1) risk factors 
of N. caninum antibody seropositivity; 2) risk 
factors of BVDV antibody seropositivity; 3) risk 
factors of BVDV antigen seropositivity; and 4) 
risk factors of co-infection of both pathogens 
(antibody positive to N. caninum and positive to 
antibodies and/or antigen to BVDV).  
 
In the first step of the modeling, relationships 
between each outcome variable and the 
independent variables were individually 
investigated. In the second step, any variables 
that were associated at the p<0.15 level were 
eligible to be included in the multivariable 
models. Pearson correlation coefficients between 
independent continuous variables were 
examined for those meeting the cut-off level to 
determine correlations (-0.3<r<0.3) among these 
variables that would be important during the 
multivariable regression analyses. Chi squared 
tests between independent categorical variables 
were examined for those meeting the cut-off level 
to determine associations among the variables 
that would be important during the multivariable 
regression analyses. For highly correlated 
variables, such as age and parity, where both 
variables would not be retained in the final 
model, the variable with the strongest significant 

association in each model was considered for the 
multivariable modeling, also considering 
biological plausibility where relevant. Both 
forward stepwise and backward elimination 
regressions were used to identify the most 
parsimonious model in which all independent 
variables remained significant at the p<0.05 level. 
Other variables not in the final model were 
examined for confounding of the variables in the 
final model, as recommended by Dohoo et al., 
(2009). Interactions between significant variables 
in the final model were investigated. Model fit 
was examined by checking the standard residual 
diagnostics, performing predictions, and 
examining the predictive ability of the models. 
Clustering of cattle within farms was assessed 
through intra-class correlations. Where the intra-
class correlation was over 25%, the model was 
run as a mixed logistic regression model with a 
random effect included for cattle clustered within 
farms, while the other regressions were run as 
ordinary logistic regression models with robust 
errors.  

 

Results 

 

Seroprevalence  
A total of 470 cattle from 158 farms were blood 
sampled and available for testing for N. caninum 
and BVDV infections. Table 1 shows the number 
of sampled animals and farms by region. Region 
2 showed the highest number of animals and 
farms sampled. Reasons for some of the 200 farms 
not being in this study included: no available 
milking cows or heifers at the time of the visit (on 
community pasture), unwillingness to participate 
in the project, and lack of availability due to death 
in the family or relocation out of the study area. 
Fewer samples were tested for BVDV than N. 
caninum because some blood samples provided a 
small volume of serum (and samples were tested 
for N. caninum antibody first, then BVDV antigen, 
and then BVDV antibody) and there were 
logistical problems with samples in storage. 
Therefore, 467 samples were tested for BVDV 
antigen, 323 samples were tested for BVDV 
antibody, and 469 sample were tested for either 
BVDV antibody or antigen (n=469). 
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Table 1. Distribution of animal and farm numbers and seroprevalence of Neospora caninum and bovine viral diarrhoea 
virus (BVDV), by region, on 158 smallholder dairy farms in Kenya in 2016-17 

Region Farms Animals 
BVDV Ag 
proportion 
positive 

BVDV Ab 
proportion 
positive 

Neospora Ab 
proportion 
positive 

Coinfection 
proportion 
positive 

1 15 45 0.227 0.563 0.378 0.244 

2 36 111 0.445 0.532 0.405 0.216 

3 25 74 0.411 0.463 0.338 0.149 

4 9 20 0.100 0.333 0.200 0.100 

5 21 69 0.420 0.569 0.449 0.290 

6 13 41 0.293 0.227 0.268 0.146 

7 9 30 0.233 0.176 0.433 0.033 

8 30 80 0.375 0.600 0.238 0.125 

 
The apparent seroprevalence for BVDV antibody 
was 47.1% (152/323) (95% CI=40.7% - 51.6%). The 
apparent seroprevalence for BVDV antigen was 
36.2% (169/467) (95% CI=31.9% - 40.6%). There 
were 25.1% (81/323) of cattle positive for both 
BVDV antibody and antigen. Of the 163 cattle 
testing positive for BVDV antigen and having an 
antibody test result, 49.7% were also BVDV 
antibody positive. Table 1 shows the animal-level 
seroprevalences of BVDV antibody and antigen 
by region. Regions 2 and 5 had the highest BVDV 
seroprevalences. From the physical examinations 
carried out on all the cattle, only 7.9% were 
clinically ill at the time of sample collection, with 
signs of either pneumonia, diarrhea or mastitis.  
 
The seroprevalence of N. caninum in this area was 
35.1% (165/470) (95% CI=30.9% - 39.5%). There 
were 18.5% (87/469) (95% CI=15.2% - 22.3%) of 
the samples testing positive for both N. caninum 
and BVDV when either of the BVDV tests was 
positive (co-infections). Table 1 shows the animal-
level seroprevalences of N. caninum and co-
infection by region. Region 5 had the highest N. 
caninum and co-infection seroprevalences. 
 
Of the 165 animals found positive for N. caninum, 
20.6% (34/165) had a reported abortion in the past 
five years. Twenty percent (34/169) of the cows 
that were seropositive for BVDV antigen had a 
reported abortion in the last five years, while this 
number was just slightly higher for BVDV 

antibodies at 23.6% (36/152). Of the 87 animals 
with co-infection for both these pathogens, 23% 
(20/87) had a reported abortion in the last five 
years. 
  

Demographic and univariable risk factor 
analysis  
Univariable associations to prevalence of N. 
caninum and/or BVDV were assessed at a cut-off 
point of p<0.15. Seven, nine, four and six 
predictors were found to be individually 
associated with N. caninum, BVDV antigen, 
BVDV antibody and co-infection, respectively. 
The seroprevalence of N. caninum, BVDV 
antibody, BVDV antigen, and co-infection, by 
categories for the categorical variables that met 
the cut-off point, are shown in Tables 2 (cow-
level) and 3 (farm-level). 
 
The overall mean age (+ standard deviation) of 
the whole sample population was 5.6 ± 0.15 years, 
ranging between 0.5-17 years. Compared to older 
cattle (3.5-8.5 years and >9 years), young stock (< 
3 years old) had a lower seroprevalence of BVDV 
antibodies and co-infection with both N. caninum 
and BVDV (either antibody and/or antigen) 
(Table 2). 
 
Parity ranged from 0 to 9, with a mean of 2.2. The 
majority (61.7%) of cattle were in the 1-3 parity 
group. Similar to age, compared to other parity 
groups (Table 2), nulliparous cattle had a lower 
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seroprevalence of BVDV antibodies and co-
infections with both N. caninum and BVDV (either 
antibody and/or antigen). 
 
Table 2. Descriptive statistics and univariable associations of categorical cow-level risk factors for seroprevalence of 
Neospora caninum and bovine viral diarrhoea virus (BVDV) on 158 smallholder dairy farms in Kenya in 2016-
17 

Categories of certain 
hypothesized risk 
factors 

Number (%) 
within 

each category 
(n=470) 

Positive (%) 
to N. caninum 
(n=470) 

Positive (%) to 
BVDV antigen 
(n=467) 

Positive (%) to 
BVDV 
antibody 
(n=323) 

Co-infection 
(%) to BVDV 
and N. caninum 
(n=469) 

Age of tested animal (yrs) 
 <3.0 
 3.5-8.5 
 >9.0 

P-value 1 

 
123  (26.2) 
273  (58.1) 
74    (15.7) 
 
 

 
 

 
38/123  (30.9) 
100/273 (36.6) 
27/74      (36.5) 
0.523 

 
35/122 (28.7) 
107/273  (39.2) 
27/72 (37.5) 
0.129 

 
19/83 (22.9) 
103/189  (54.5) 
27/51 (52.9) 
<0.005 

 
12/123   ( 9.7) 
55/273   (20.1) 
20/74 (27.0) 
0.006 

Parity 
 0 
 1-3 
 ≥4 

P-value 1 

 
84   (17.9) 
290 (61.7) 
96   (20.4) 
 

 

 
23/84       (27.4) 
108/290 (37.2) 
34/96       (35.4) 
0.254 

 
18/83 (21.7) 
118/290  (40.7) 
33/94 (35.1) 
0.006 

 
6/59 (10.2) 
108/200  (54.0) 
35/64 (54.7) 
<0.005 

 
6/84  (7.1) 
56/290   (19.3) 
23/96 (24.0) 
0.006 

Breed2 
 Friesian 
 Ayrshire/Jersey 
 Guernsey 
 Zebu                        
        P-value 1 
 

 F
r
i
e
s 

  

 i
a
n 

 A
y
r
s
h
i
r
e
/
J
e
r
s
e
y 

 G
u
e
r
n
s
e
y 

 Z
e
b

 
216 (46.0) 
83   (17.6) 
133 (28.3) 
38    (8.1) 
  

 

 

 
72/216   (33.3) 
30/83       (36.1) 
49/133   (36.8) 
14/38       (36.8) 
0.905    

 
88/214 (41.1) 
21/83 (25.3) 
42/132 (31.8) 
18/38 (47.4) 
0.022 

 
70/153 (45.8) 
28/55 (50.9) 
38/88 (43.2) 
13/27 (48.1) 
0.705 

 
42/216   (19.4) 
14/83 (16.9) 
20/133   (15.0) 
9/38 (23.7) 
0.400 

1 Bold P-values indicate those meeting the criteria for multivariable modeling (p<0.15) 
2 There were no pure breeds of Friesian, Ayrshire/Jersey and Guernsey; they were all crosses with native breeds 
 
 
Friesian crosses were the most common genotype 
in the sample population at 46.0% of the sampled 
animals. The exotic breeds in the area were not 
pure breeds and therefore are all reported as 
crosses, which was identified by a smaller body 
than expected but color markings that indicated 
the primary breed reported. Friesian crosses and 
Zebus had a higher seroprevalence of BVDV 
antigen than the other breeds (Table 2). 
 
In this area of Kenya, just over half (55.1%) of the 
cattle were free-roaming for some hours of the 
day to graze in the household compound (partial 
zero-grazing) or were grazed out on communal 
pastures along the roadside or in the forest (Table 
3). There was no significant difference in the 
seroprevalence of the pathogens among the 
different grazing management groups, although 
for BVDV antibody, this feeding management  

 
practice met the cut-off point for multivariable 
modeling.  
 
A total of 7.6% of the farmers indicated lending 
animals to other farmers during the last year. The 
variable was a significant univariable risk factor 
for seroprevalence of N. caninum, BVDV antigen 
and co-infection, respectively (Table 3).  
 
Two-thirds (67.5%) and a fifth (20.4%) of the 
farmers indicated buying and introducing 
milking cows and calves into their farms in the 
last year, respectively. There was a positive 
univariable association at the cut-off of p<0.15 
between farmers that indicated buying and 
introducing milking cows into their farms and 
seropositivity of N. caninum, BVDV antigen and 
co-infection of the two pathogens. 
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Table 3. Descriptive statistics and univariable associations of categorical farm-level risk factors during the last year 
for seroprevalence of Neospora caninum and bovine viral diarrhoea virus (BVDV) on 158 smallholder dairy farms 
in Kenya in 2016-17. 
 

Categories of certain 
hypothesized risk factors 

Number (%) 
within each 
category 
(n=470) 

Positive (%) to 
N. caninum 
(n=470) 

Positive (%) 
to BVDV 
antigen 
(n=467) 

Positive (%) to 
BVDV 
antibody 
(n=323) 

Co-infection 
(%) to BVDV 
and N. caninum 
(n=469) 

Feeding practice 

 Zero grazed 

 Not zero grazed   
P-value1  

 

211 (44.9) 

259 (55.1) 

 
77/211   (36.5) 
88/259   (33.9) 
0.570 

 
81/211  (38.4) 
88/256  (34.4) 
0.369 

 
58/140  (41.3) 
91/183  (49.7) 
0.084 

 
41/210 (19.5) 
46/259 (17.8) 
0.643 

 Lending animals 

 No 

 Yes                                             
P-value 1 

 
432 (92.4) 

38 (7.6) 
 

 
144/433 (33.3) 
21/37 (56.8) 
0.004 

 
149/430 (34.6) 
20/37 (54.1) 
0.018 

 
138/229 (46.2) 
11/24 (45.8) 
0.883 

 
75/432 (17.4) 
12/37   (32.4) 
0.023 

New milking cow 
introduced to farm 

 No 

 Yes 
P-value 1 

 
 
113 (32.5) 
317 (67.5) 

 
 
     42/152   (27.3) 

123/316 (38.9) 
0.013 

 
 
69/154  (54.4) 
100/315 (31.8) 
0.004 

 
 
31/79 (39.2) 
118/244 (48.4) 
0.196 

 
 
21/153 (13.7) 
66/316 (20.9) 
0.058 

New calf introduced to the 
farm 

 No 

 Yes                                           
P-value 1 

 

374 (79.6) 

96 (20.4) 

 

 
     143/374 (38.2) 

22/96 (22.9) 
     0.005   

 
148/371 (39.9) 
21/96 (21.9) 

   0.001 

 
105/238 (44.1) 
44/85 (51.8) 

    0.444 

 
72/373 (19.3) 
15/96   (15.6) 

   0.414 

Community pastures 
utilized  

 No 

 Yes                                             
P-value 1 

 

189 (41.2) 

281 (59.8) 

 
59/189   (31.2) 
106/281 (37.7) 

     0.147 

 
76/189 (40.2) 
93/278 (33.5) 

    0.136 

 
99/127  (52.0) 
83/196  (42.4) 

    0.126 

 
32/188 (17.0) 
55/281 (18.5) 

   0.470 

Dairy cows have contact 
with pigs 

 No 

 Yes                                            
P-value 1 

 
451 (96.0) 
19 (4.0) 

 
154/451 (34.2) 
11/19 (57.9) 

     0.034 

 
157/449 (35.0) 
12/18 (36.2) 

   0.006 

 
144/306 (47.1) 
5/17 (29.4) 

   0.315 

 
79/450 (17.6) 
8/19 (42.1) 

   0.007 

Dairy cows have contact 
with dogs 

 No 

 Yes 
P-value 1 

 
298 (63.4) 
172 (36.6) 

 

95/298  (31.8) 
70/172  (40.7) 
0.054 

 

110/297 (37.0) 
59/170  (34.7) 
0.614 

 

89/202  (44.1) 
60/121  (49.6) 
0.282 

 

46/297 (15.5) 
41/172 (23.8) 
0.024 

Location of whelping areas 

 Kennel 

 Compound/ 
feed-store     
P-value 1 

 

196 (41.7) 

274 (58.3) 

 
84/274   (30.7) 
81/196   (41.3) 
 
0.017 

 
112/274 (40.9) 
57/193  (29.5) 
 
0.012 

 
91/193  (47.2) 
58/130  (44.6) 
 
0.868 

 
48/273 (17.6) 
39/196 (19.9) 
 
0.512 

1 Bold P-values indicate those meeting the criteria for multivariable modeling (p<0.15) 
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Conversely, smaller proportions of cattle were 
positive for N. caninum (22.9%) and BVDV 
antigen (21.9%) in farms that introduced new 
calves versus those that did not. Over half (59.8%) 
of the farmers indicated that they utilized 
community pastures to feed their cattle, where 
they could possibly contact other dairy cattle, and 
this variable met the cut-off for univariable 
associations with N. caninum, and BVDV antigen 
and antibody seroprevalence. 
 
Cattle coming into direct contact with pigs was 
reported on 4.0% of farms, and was a significant 

univariable risk factor for BVDV antigen 
seropositivity. A similar observation was made 
for cattle on farms where farmers allowed cattle 
to come into direct contact with dogs (36.6% of 
farms), being positively associated with 
seroprevalence to N. caninum. Furthermore, 
farms that had a designated kennel for bitches to 
whelp in (41.7%) had a lower proportion (30.7%) 
of cattle testing positive to N. caninum but higher 
proportion (40.9%) testing positive to BVDV 
antigen compared to if the dogs were allowed to 
whelp outside the kennel in the feed storage area 
or within the farm compound.   

 
Table 4. Odds Ratios (OR) and 95% confidence interval of OR (95% CIOR) from the final model for risk factors 

associated with seropositivity of Neospora caninum, in 469 dairy cattle on 158 smallholder dairy farms in 
Kenya in 2016-17 
 
 
 
 
 
 

Variables OR 95% CIOR P-value 

Milking cows introduced to the farm 

 No 

 Yes 

 
Baseline  
2 .1 

 

 
1.4 – 3.4 

 

 
0.001 

Lending cattle 

 No 

 Yes 

 

Baseline 
3.0 

 

 
1.4 – 7.1 

 
 

0.006 
New calf introduced to the farm 

 No 

 Yes 

 
Baseline  
0.35 

 

 
0.20 - 0.62 

 

 
<0.001 

 
Farm dogs have access to aborted fetuses 

 

 

A 

 

A 

 
0.816 

 

Location of whelping area 
 

 

A 

 

A 

 
 0.150 

  
Farm dogs have access to aborted fetus                                     
  X Location of whelping area interaction 
 

 

 

 

B 

 

 

B 

 
 
 0.035 

 

A main effect variable which are part of an interaction, so coefficients of the main effects are best 
reported using a graph B interaction variable which has cross-tabulated categories for main effects 
(not shown) so the coefficients   are best reported using a graph 

 

 

Multivariable risk factor analyses 
Five farm-level factors were shown as important 
risk factors for N. caninum antibody seropositivity 
in the final model. Cattle belonging to farmers 
that had bought and introduced cows to their 
farms in the last 12 months, and farmers that lent 
animals out to other farmers when they incurred 
feed shortages were associated with increased 
odds of testing positive for N. caninum. Cattle 

belonging to farmers that bought and introduced 
calves in the last 12 months of the study were 
associated with lower odds of infection than 
farmers that had not introduced any calves. 
Farms whose bitches had no designated 
whelping area and farms where dogs had access 
to aborted bovine fetuses were part of a 
significant interaction in this model. The results 
in Table 4 for these last two variables are not 
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shown since interaction variables are best 
communicated with a figure because showing 
one variable’s coefficients or odds ratios are 
misleading without taking into account the other 
variable coefficients or odds ratios. Also note that 
the P-values of the main effects of an interaction 
can change from being significant without the 
interaction variable to becoming non-significant 
with the significant interaction variable in the 
model.  
 
In Figure 1, cattle on farms whose bitches had no 
designated whelping area (no kennel) were 
nearly three times more likely to test seropositive 
for N. caninum when farmers allowed their dogs 
to access and eat aborted fetuses, compared to 
cattle owned by farmers who did not allow their 
dogs to access and eat aborted fetuses. 
Conversely, when dogs were kept in kennels, 
there was no difference in N. caninum 
seroprevalence when farmers did or did not allow 
their dogs to access and eat aborted fetus or fetal 
membranes. 
 
When the model was fit incorporating BVDV as a 
risk factor (due to its ability for 
immunosuppression), the odd ratios of the above 
predictors and the interaction term changed very 
little. Furthermore, there was little evidence that 
BVDV was an important confounder in the 
model, with p=0.317. Therefore, the described 
model without BVDV was considered the final 
model for N. caninum seropositivity.  
 
The Pearson goodness-of-fit test for this final 
model without BVDV showed that the model fit 
the data well (p=0.58). One covariate pattern was 
found to be highly influential because all 12 cattle 
in the covariate pattern were from farms that: 
were lending animals, had introduced milking 
cows and had no designated birthing area for 
their bitches. When observations with this 
covariate pattern were left out of the model, 
coefficients for all the predictors increased 
substantially, with the highest change recorded in 
the coefficient for lending animals. Therefore, the 
observations were retained in the final model, 
albeit with a note of caution for interpretation. 

The pseudo R2 for the final N. caninum model was 
0.072. 
 
For the BVDV antigen multivariable mixed 
logistic model analysis, cattle on farms where 
they had direct contact with pigs had six times 
higher odds of testing positive for the antigen, 
compared to farms that did not allow this contact, 
while accounting for clustering of cattle within 
farms (Table 5). Cattle on farms that had bought 
and introduced open heifers, and farms where 
bitches had no designated birthing place, were 
associated with lower odds of testing positive for 
BVDV antigen. In this multivariable model, the 
three categories of age would not remain in the 
final model because of the extra degree of 
freedom, and therefore age of the animal tested 
was dichotomised at a cut-off point of 5.6 years 
since the mean was 5.6. When age was 
dichotomised, it remained significant in the final 
model and formed two significant interactions. 
On farms where no visiting dairy farmer entered 
the cow shed in the last year, older animals (over 
5.5 years old) had a higher probability of testing 
seropositive for BVDV antigen than younger 
animals (Figure 2). Conversely, on farms where 
visiting farmers entered the cow shed in the last 
year, there was no difference in BVDV antigen 
probability by age. In the second interaction 
variable, when cattle were older than 5.5 years, 
the odds of testing seropositive for BVDV antigen 
was lower when the farmers had introduced a 
new calf to the farm in the last year than when 
farmers had not introduced new calves (Figure 3). 
Conversely, when cattle were younger, the odds 
of testing seropositive for BVDV antigen was no 
different when farmers did or did not introduce a 
new calf in the last year.  
 
There was moderate clustering of cattle within a 
farm in this final BVDV antigen model, indicated 
by an intra-class correlation of 27.4% for cattle 
within farms, confirming the need to control for 
clustering of cattle within farms. The Pearson 
goodness-of-fit showed that the model fit the data 
well (p=0.265). For this model, the residuals at the 
farm level were normally distributed and the 
model was adopted as such. The pseudo R2 for 
the final BVDV antigen model was 0.17. 
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Figure 1. Interaction plot of birthing areas for bitches (kennel/no kennel) and dogs eating aborted fetuses (dog fetus/no 

fetus) in the final risk factor model for N. caninum seroprevalence in 470 dairy cattle on 158 smallholder dairy farms 

in Kenya in 2016-17 

Table 5. Odds Ratios (OR) and 95% confidence interval of ORs (95% CIOR) from the final model for risk factors 

associated with seropositivity for bovine viral diarrhoea virus (BVDV) antigen in 467 dairy cattle on 158 farms in 
Kenya in 2016-17 
 

Variables OR 95% CIOR P-value 

Dairy cows have contact with pigs 

 No 

 Yes 

 
Baseline  
6.1 

 
 

1.3 - 29.2 

 
 

0.022 
Open heifers introduced to the farm 

 No 

 Yes 

 

 

A 

 

 

A 

 

 
<0.001 

Location of whelping area 

 Kennel 

 Cow compound/feed storage 

 
Baseline  
0.37 

 

 
0.20 - 0.71 

 

 
0.003 

 
Age of the tested animal (dichotomised) 

 

 

A 

 

A 

 
<0.005 

 

Other dairy farmers accessing cowshed 
 

 

A 

 

A 

 
 0.600 

Age of the tested animal X Other dairy farmers 
accessing cowshed interaction 

 

 

B 

 

B 

 
 0.008 

 

Open heifer introduced to farm 
 

 

C 

 

C 

 
 0.586 

Age of tested animal X Open heifer introduced to the 
farm interaction 

 

 

D 

 

D 

 
 0.002 

AandC variables which are part of an interaction so coefficient of main effects is best reported using a 
graph 
BandD interaction variables which have many cross-tabulated categories for main effects (not shown), so 
the coefficients are best reported using a graph 
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The BVDV antibody multivariable logistic model 
revealed that being a cow was associated with 
over 11 times higher odds of testing seropositive 
over being a nulliparous heifer when all the other 
factors were held constant (Table 6). In this 
multivariable model, the three categories of 
parity would not remain in the final model 
because of the extra degree of freedom, and 
therefore parity of the animal tested was 
dichotomized at a cut-off point of nulliparous 
heifer versus a cow (parity > 1), which had a 
higher OR than when the mean parity was used 
as a cut-off. Cattle on farms feeding on 
community pastures, and cattle on farms that 
allowed dairy cattle contact with pigs were 
associated with lower odds of testing positive for 
BVDV antibody compared to those cattle on 
farms that did not allow such contact. The 
Pearson goodness-of-fit showed that the model fit 
the data well (p=0.13). There were only nine 
covariate patterns in this model and thus 

dropping any of them would have had a 
substantial influence on the coefficients of the 
predictor variables. The pseudo R2 of the final 
BVDV antibody model was 0.12. 
 
When risk factors for co-infection with N. caninum 
antibodies and BVDV antibodies and/or antigen 
were assessed (Table 7), parity was the only cow-
level predictor found to be a risk factor 
(nulliparous cattle had lower odds of co-infection 
compared to cows with 3 or fewer parities and 
cows with 4 or more parities). Farm-level risk 
factors in the final model included direct contact 
of dairy cattle with dogs, direct contact of dairy 
cattle with goats, and introduction of new 
milking cows. The Pearson goodness-of-fit 
showed that the model fit the data well (p=0.20). 
The pseudo R2 for the model was 0.07. Two 
covariate patterns were influential but not 
outlying, and they were left in the model since 
dropping them meant dropping 76 observations.  

 

Table 6. Odds Ratios (OR) and 95% confidence interval of ORs (95% CIOR) from a final model for risk factors associated 

with seropositivity for bovine viral diarrhoea virus (BVDV) antibodies in 323 dairy cattle on 158 smallholder farms 
in Kenya in 2016-17 
 

Variable –Antibody titres OR 95% CIOR P-value 

Parity 

 Nulliparous heifers 

 Cow (> 1 parity) 

 
Baseline 
11.9 

 

 
4.8 - 29.1 

 

 
<0.001 

Dairy cows have contact with pigs 

 No 

 Yes 

 
Baseline 
0.35 

 

 
0.13 - 0.98 

 

 
0.045 

Community pasture utilized 

 No 

 Yes 

 
Baseline 
0.58 

 
 

0.34 - 0.95 

 
 

0.032 
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Figure 2. Interaction plot between age of the test animals and other dairy farmers accessing                                            

the cow shed (Dairy farmers/No dairy farmers) in the final risk factor model for Bovine Viral                            

Diarrhoea Virus antigen seroprevalence in 467 dairy cattle on 158 farms in Kenya in 2016-17 

 

 

Figure 3. Interaction plot between age of the test animals and introducing new calves into                                           

the farms in the final risk factor model for Bovine Viral Diarrhoea Virus antigen                                                         

seroprevalence in 467 dairy cattle on 158 farms in Kenya in 2016-17  

.1
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Table 7. Odds Ratios (OR) and 95% confidence interval of OR (95% CIOR) from a final model for 

risk factors associated with seropositivity for Neospora caninum and bovine viral diarrhoea virus 
(BVDV) co-infection in 469 dairy cattle on 158 farms in Kenya in 2016-17 
 

Variable OR 95% CIOR P-value 

Parity 

 0 

 >1 but <3 

 >3 

 
Baseline 
3.0 
4.3 

 

 
1.2 - 7.4 

1.6 - 11.4 

0.004A 
 

0.015 
0.003 

Dairy cows have contact with dogs 

 No 

 Yes 

 
Baseline  
1.7 

 

 
1.1 - 2.7 

 

 
0.037 

Dairy cows have contact with goats 

 No 

 Yes 

 
Baseline  
2.4 

 

 
1.4 - 4.3 

 

 
0.002 

New milking cow introduced to the farm 

 No 

 Yes 

 
Baseline  
1.8 

 

 
1.1 - 3.0 

 

 
0.035 

A  Global P-value 

 
 
 
 

 

Discussion 

Our study is the first of its kind to test for both 
BVDV antigen and antibody, along with N. 
caninum antibody, in a random sample of cattle on 
smallholder dairy farms in Kenya. Therefore, the 
study has enabled the estimation of the 
seroprevalence not only of these pathogens 
individually, but also their co-infection 
prevalence. Similarly, the study also enables the 
determination of risk factors not only of these 
pathogens individually, but also their co-
infection. These results are discussed within the 
following sub-sections.  
 
Neospora caninum 
Worldwide prevalence of Neospora caninum has 
been estimated to range between 0.5% and 76.9% 
( Bartels et al., 2006; Cedeño and Benavides 2013). 
Therefore, our result in Kenya of 35.1% would 
appear to be in the middle of these estimates. In 
Kenya, N. caninum seroprevalence has been 
recorded in dairy cattle on large-scale farms in the 
Rift Valley area (Okumu, 2019) with a 
seroprevalence of 25.6%. This research, being a 
second study carried out in Kenya on N. caninum, 
confirms the threat of this under-documented 

disease in Kenya, and likely many other 
developing countries.  
 
Regarding significant risk factors associated with 
N. caninum seropositivity, farms that lent or 
introduced milking cows were associated with 
higher odds of N. caninum compared to those that 
kept a closed herd (Table 4). In Ethiopia (Asmare 
et al., 2014), purchasing animals for replacement 
raised the probability of acquiring N. caninum 
infection by two times. This association 
emphasises the importance of biosecurity 
measures (e.g. quarantine until a negative N. 
caninum test result is obtained) to prevent and/or 
reduce introduction of infected animals into 
farms. Furthermore, while the majority of new 
infections for N. caninum are from vertical 
transmission in utero, horizontal spread is not 
uncommon through consumption of oocysts shed 
by canids (Dubey et al., 2007), and therefore 
movement of cattle to other farms or community 
pastures could increase the risk of exposure to 
these oocysts. There is need to educate farmers on 
the dangers of having animals move freely 
between farms and what they can do to reduce 
this risk.  
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In a significant interaction term in our study, 
cattle on farms with bitches that had no 
designated whelping area had 3 times higher 
odds of testing seropositive for N. caninum when 
farmers allowed their dogs to access and eat 
aborted fetuses, compared to cattle owned by 
farmers who did not allow their dogs to access 
and eat aborted fetuses. Conversely, when dogs 
were kept in kennels, there was no difference in 
N. caninum seroprevalence when farmers did or 
did not allow their dogs to access and eat aborted 
fetus. The absence of birthing kennels on some 
farms could be taken to mean that these dogs 
were free-roaming or were chained in a spot 
around the compound, and thus, their feces could 
in turn contaminate the cattle environment. These 
two factors together synergistically potentiate the 
likelihood of cattle testing seropositive on these 
farms, but preventing dogs from defecating in the 
compound, feeders, water sources and pastures 
are among the major ways suggested to curtail 
new cattle infections and to keep susceptible 
animals free of N. caninum (Silva and Machado, 
2016).  Using correct placenta disposal methods 
that limit them from being eaten by canids has 
been found to lower the prevalence of  N. caninum 
in dairy cows (Bruhn et al., 2013). However, in our 
study, the placenta disposal method was not 
significantly associated with N. caninum 
seropositivity, perhaps because there were few 
farms (5.5%) that used correct placenta disposal 
methods (incineration or burying in a deep pit). 
 
Introducing milking cows into a farm was an 
important risk factor for N. caninum 
seroprevalence, but introducing new calves into 
the farm was an important protective factor 
against N. caninum seroprevalence. As most 
farmers in this area of Kenya are resource-
constrained and are still faced with the problem 
of replacement heifers, there is a preference for 
purchasing weaned heifer calves and raising 
them to adulthood over purchasing pregnant 
heifers or adult cows which would be expensive. 
It may be possible that when calves are 
purchased, those calves do not survive to become 
pregnant and then have an abortion that leads to 
horizontal spread, or give birth to a vertically 
infected calf. Conversely, purchased infected 
adult cows could quickly lead to horizontal or 
vertical transmission when those cows become 
pregnant. If the purchased calves are infected bull 

calves, they cannot spread N. caninum vertically, 
and would only contribute to horizontal spread if 
the animal dies and part of it is consumed by 
canids. For both these reasons, purchased calves 
could appear to be protective, even though 
purchasing animals would generally be 
considered a risk factor for spread of infections.  

 

Bovine viral diarrhoea virus  
The overall apparent prevalence of BVDV 
antibodies in cattle in this study area was 47.1%. 
As there was no record of vaccination against 
BVDV being carried out in this study area, the 
presence of antibodies likely indicated a natural 
exposure to BVDV in the past. These prevalences 
are substantially higher than in indigenous calves 
tested in western Kenya, where 19.8% and 0% 
were positive for antibody and antigen, 
respectively (Callaby et al., 2016). However, in 
Rift Valley, Kenya, an antibody prevalence to 
BVDV in non-indigenous dairy cows of 79.1% 
was recorded (Okumu et al., 2019). In Zebu cattle 
in the Coastal area of Kenya, a  45.8% BVDV-
antibody seroprevalence was recorded 
(Kenyanjui et al., 1994). On dairy farms in 
Kakamega, Makueni and Nandi Counties of 
Kenya, antibody seroprevalences were 52.3% and 
24.1% for BVDV and N. caninum, respectively 
(Olum et al., 2020). Since BVDV is easily 
transmitted between cattle through body 
secretions, and BVDV antibodies developing 
from transient infections can remain in circulation 
for long periods of time (Lindberg and Houe, 
2005), it was not surprising that the prevalence of 
BVDV antibodies approached or exceeded these 
other reports. 
 
There is limited documentation of BVDV antigen 
seroprevalence in cows in Kenya. The overall 
apparent prevalence of BVDV antigen in cattle in 
this study area was 36.2%. Of the 163 cattle testing 
positive for BVDV antigen and having an 
antibody test result, 49.7% were also BVDV 
antibody positive, suggesting that at least half of 
the antigen-positive animals were transiently 
infected (TI).  The remaining 50.3% (82/163) were 
either transiently (early stage before antibodies 
develop) or persistently infected (PI).  Of the 470 
animals sampled, there is evidence that 17.4% 
(82/470) were potentially PIs.  
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Having a 17.4% of cattle as potential PIs was very 
surprising. Previous estimates of BVDV antigen 
in Kenyan and Ethiopian dairy herds found 0% 
and 0% of cows and calves positive for BVDV 
antigen (Callaby et al., 2016; Yitagesu et al., 2021). 
However, our BVDV test results may be partly a 
function of test cross-reaction with classical swine 
fever virus (CSFV) or border disease virus (BDV) 
because these viruses are found in Kenya and 
many of the study farms had goats and pigs. 
CSFV is in the same pestivirus family as BVDV, 
BVDV can infect pigs, and others have found 
cross-reaction of CSFV on BVDV tests (Gatto et al., 
2018). Furthermore, there is recent preliminary 
evidence for possible cattle infection with CSFV 
in China and India (Giangaspero et al., 2017). 
Border disease virus, which is another virus in the 
same Pestivirus genus as BVDV and CSFV, has 
also been known to infect cattle (Braun et al., 
2019). Project funding did not include testing for 
CSFV or BDV. Therefore, the BVDV prevalence 
reported for this study should be referred to as an 
apparent prevalence, based on the test results 
obtained with the BVDV tests, and they should be 
interpreted with caution.  
 
In terms of risk factors for BVDV antigen, direct 
contact of dairy cattle with pigs was a significant 
risk factor in the final model (Table 5), reinforcing 
the prevalence concern mentioned above. 
Farmers that kept a few pigs on the farm would 
frequently have the pig sty constructed next to the 
cow shed, allowing very close contact of these 
two species of animals at all times. BVDV has 
recently been found in sheep, goats, pigs, 
buffaloes and other wildlife, although the role of 
these species in BVDV transmission to and from 
cattle has not been experimentally proven 
(Khodakaram-Tafti and Farjanikish, 2017). Future 
research should explore the relationship between 
BVDV and CSFV in cattle and pigs in Kenyan 
SDFs. 
 
Age of the test animals formed important 
interactions with other variables in the BVDV 
antigen model. On farms where no visiting dairy 
farmer entered the cow shed in the last year, older 
animals had a higher probability of testing 
seropositive for BVDV antigen than younger 
animals (Figure 2). Also, older animals had a 
reduced probability of testing positive for BVDV 
antigen when the farmers had introduced new 

calves to the farms but not when farmers had not 
introduced new calves (Figure 3). In Ireland, 
BVDV was reported to have higher 
seroprevalence in adult cows than in calves less 
than 9 months old (Sayers et al., 2015). An increase 
in seroprevalence from 10% in heifers to 75-85% 
in cows aged 10 years has been reported, possibly 
due to an increase in cumulative risk of having 
been exposed over time (Daves et al., 2016). 
Farmers that indicated having other farmers visit 
and access their cow sheds tended to belong to 
local dairy-based self-help groups that were 
organizing some training sessions on dairy 
management. Future research is recommended to 
explore these possible relationships further.  
 
The present study also indicated that buying and 
introducing open heifers and calves into new 
farms were significant in the final model and 
were associated with reduced risk of BVDV 
antigen seropositivity (Table 5). This result could 
be explained by the fact that younger cattle had a 
lower probability of being infected compared to 
older milking cows, and thus the older cattle 
would have higher odds of testing positive if they 
were to be tested at purchase. This result 
emphasises the need for testing purchased 
animals (if purchased animals are needed) as one 
of the major ways of keeping specific-pathogen-
free herds that way. In this study area, it is a 
common practice to exchange animals through 
purchase or lending without any testing for any 
infections or executing any quarantine practice. 
Purchase and exchange of animals has been 
identified as a classic risk for the occurrence and 
dissemination of infectious organisms (Fèvre et 
al., 2006). In a study in Brazil, the only farms that 
did not have any seropositive animals were those 
that did not have a history of purchasing or 
exchanging animals (Marques et al., 2016). 
 
For the BVDV antibody seropositivity final 
model, cows were nearly 12 times more likely to 
test seropositive for BVDV antibodies then heifers 
(Table 6). Our results differ with what was 
obtained in Danish dairy herds by Houe and 
Meyling (1991) who reported that the risks of 
BVDV infection were approximately similar in all 
age groups. The dissimilarities between these 
studies may be due to farm size and the fact that 
our study was carried out in smallholder settings 
where cows are rarely culled for their age or low 
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production, and therefore can remain on the farm 
for as long as the farmer will have them (the 
oldest cow in the study being 17 years old). Age 
as a risk factor is probably due to the fact that 
BVDV antibodies from infections (versus 
maternal antibodies) can last a long time, and 
perhaps even a lifetime, therefore, the older the 
animal is, the higher the probability that it has 
been infected during its lifetime (Garoussi et al., 
2009).  
 
This BVDV antibody model also found that direct 
contact between dairy cattle and pigs was 
protective towards BVDV antibody 
seropositivity. This result would indicate that 
cattle on farms without pigs were more likely to 
be BVDV antibody positive than cattle on farms 
with pigs. It is unclear why this result was found. 
One speculative explanation for this finding 
could be that CSF is spread from pigs to cattle on 
farms with both species, and the CSFV may be 
offering some protection against BVDV infection. 
Future research could explore this hypothesis. 
 
A surprising factor that was found to be 
protective in this BVDV antibody model was 
possible contact of dairy cattle with other dairy 
cows on community pastures. It is unclear why 
this result was found. In this area in Kenya, 
community pastures were defined as either 
grazing along the roadsides, in school and/or 
church yards, or in portions of open land in the 
forest, and the explanation could be related to this 
mixture of types of community pasture. It was 
noted that animals that were grazed in the school 
and/or church yards were driven to the yards in 
the morning and collected in the evening, and 
there was a fee attached to grazing in these areas 
that the farmers were required to pay. This type 
of community pasture grazing usually limited the 
number of farmers grazing their cattle in these 
areas and would therefore lead to limited or no 
contact with other dairy cattle. Cattle driven into 
the forest were mainly left there for longer 
periods of time, with possible exposure to other 
cattle or wild ruminants. Farmers that reported 
constantly grazing their cattle in the forest 
usually had a few cows that were considered 
“zero-grazed” and were usually left behind in the 
homestead. Those cattle not going to the 
community pasture were the ones that were 
tested, and if these two cohorts from a farm were 

not commingled, this factor could appear 
protective. With the different types of community 
pasture possible, and the different exposures 
related to each type, detailed future research 
should differentiate the type of community 
pasture utilised to be able to more clearly identify 
which types present risk of infection and which 
types could be protective or do not present risk of 
infection. 

 

Bovine viral diarrhoea virus and Neospora 
caninum co-infection 
From our sample population, 18.2% (87/469) of 
the animals were positive for both N. caninum 
(antibodies) and BVDV (antibodies and/or 
antigens). An association between antibodies 
against N. caninum and BVDV was found in 
Swedish cattle, and this co-infection had a direct 
association to abortions, perhaps due to the 
immunosuppressive effects of BVDV increasing a 
host’s susceptibility to other infectious agents 
(Björkman et al., 2000). In a previous study in 
Kenyan cattle, 83.3% of the N. caninum positive 
cattle were also positive for BVDV, and more 
abortions were reported in cattle that had 
seropositivity for more than one abortifacient 
pathogen compared to cattle positive for only one 
abortifacient pathogen (Okumu et al., 2019). 
Further investigation with a larger sample size in 
a longitudinal study would provide more 
evidence to confirm the impacts of this co-
infection.  
 
In terms of risk factors for N. caninum and BVDV 
co-infection, an OR>3 was recorded for cows 
between parity 1 and 3, and also over 3 parities, 
compared to those that had not delivered a calf 
yet (Table 7). Parity was also shown as a risk 
factor of BVDV infection elsewhere (Muñoz-
Zanzi et al., 2003).   
 
Dairy cattle contact with dogs was associated 
with an OR of 1.7, indicating that it was a risk 
factor for co-infection of N. caninum and BVDV 
(Table 7). Otranto et al., (2003) reported a higher 
seropositivity for N. caninum on farms with two 
or more dogs than on farms with one dog or none. 
In a study carried out in the Rift Valley part of 
Kenya (Okumu et al., 2016), a 17.9% 
seroprevalence of N. caninum was reported in 
dogs found on farms, compared with a 0% 
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prevalence in feral dogs in a study carried out 17 
years ago in Kenya (Barber et al., 1997). Numerous 
roaming dogs were observed during the farm 
visits during the current study. Future research is 
needed to show the contribution of farm dogs and 
the risk of their close contact with dairy cattle, 
especially in cases of cross-infection with 
Neospora and another abortifacient pathogen. 
 
Dairy cattle contact with goats was another risk 
factor to co-infection. It is known that sheep and 
goats can be infected by BVDV-1, BVDV-2 and 
border disease virus (BDV), producing similar 
clinical signs of BVDV infection to cattle (Kim et 
al., 2006). Transmission of BVDV infection 
between small ruminants and cattle has been 
demonstrated, although usually it is from cattle to 
sheep or goats, and cattle can become infected 
with BDV (Braun et al., 2019). There are also 
reports of N. caninum abortions in goats in Brazil 
( de Oliveira Junior et al., 2020), acting as 
intermediate hosts in the lifecycle of N. caninum. 
Therefore, goats’ contributions to the 
seroprevalence of the two pathogens in our study 
should not be ignored. In the study area in Kenya, 
small ruminants were often kept on smallholder 
dairy farms as a source of meat.  

 

Study Limitations and Future Research  
Serological investigations with a cross-sectional 
design have both advantages and disadvantages 
as methods to establish the prevalence and risk 
factors of infection. Cross-sectional studies for 
antibodies to pathogens provide good prevalence 
estimates when the pathogens and/or antibodies 
are persistent. For BVDV, animals are generally 
seropositive for at least several years after the 
infection (Fredriksen et al., 1999), while N. 
caninum infections are retained for life (Dubey et 
al., 2007). Therefore, a cross-sectional study for 
antibodies to test for BVDV and N. caninum 
should have produced relevant estimates of 
infection prevalence in the study area of Kenya 
where vaccines for these two diseases are not 
used. However, identifying risk factors for 
prevalence of infection is not as helpful as 
identifying risk factors for incidence of infection 
because prevalence is a function of both incidence 
and duration, complicating the interpretation of 
the statistical results (Dohoo et al., 2009). Future 
research on risk factors of incidence of infection 

would be helpful to tease out which prevalence 
risk factors are also incidence risk factors. Risk 
factors of incidence may also clarify some of the 
unexpected risk factor results.  
 
Interpreting BVDV test results can be confusing 
and complicated. Given the logistics of the 
project, we did our best with testing for 
antibodies and antigens, assuming that if they 
were antigen positive and antibody negative, 
they were likely either transiently (in early stages 
of infection before antibodies develop) or 
persistently infected. However, taking a second 
sample a month after the first one that was BVDV 
antigen-positive would have been helpful to 
establish persistent infection, but that was 
logistically impossible because the test kits had to 
be imported into the country once all samples 
were taken and the number of samples to be 
tested known. Furthermore, where pigs and goats 
are kept in close proximity to cattle, the role of 
classical swine fever virus (Giangaspero 2017) 
and border disease virus (Kim et al., 2006) should 
be considered, in terms of study design (testing) 
and interpretation of results. For logistical 
reasons, we were unable to test our sera for these 
other viruses. Despite these interpretation 
cautions, we believe it is still useful to report these 
prevalence and risk factor results to inform other 
researchers doing research on pestiviruses in 
countries where all three viruses co-exist. 
 
There were 144 samples that were not run for the 
BVDV antibody test after they were tested for 
BVDV antigen. This difference in sample 
numbers for BVDV testing was from a logistical 
problem; not enough antibody kits were available 
at the initial time of antigen testing. Then, a 
laboratory problem occurred, which meant that 
the 144 samples were no longer available for 
testing when the antibody kits did arrive. It is 
unlikely that a bias was introduced from the 
difference in sample numbers because the reason 
for the difference in sample numbers was not 
related to the purpose of the study. 
 
The risk factor analysis of co-infections utilised an 
outcome variable definition that included cattle 
that were antibody-positive for N. caninum and 
antibody-positive and/or antigen-positive for 
BVDV. The reason for the inclusivity of the BVDV 
results was to ensure that we included all cattle 
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exposed to BVDV, either current or historical, 
since we were using all cattle exposed to N. 
caninum, regardless of when they became 
infected. We could have defined co-infection to 
include just cattle that were either antibody-
positive or antigen-positive for BVDV, but that 
would have led to a different interpretation of the 
results. Using only antigen-positive cattle would 
include only current TI cattle and PI cattle, but not 
previously exposed TI cattle. Using only 
antibody-positive cattle would include only 
previously exposed TI cattle. We chose to be 
inclusive in our definition. In the future, use of 
sentinel calves could help to identify the 
circulation of BVDV in a population (Corbett et 
al., 2011).  

 

Conclusion 

For the 35.1% of cattle with N. caninum infection, 
significant risk factors were lending of cattle 
between farms and farmers introducing milking 
cows to their farms, while introducing calves into 
the farms was a protective factor. In an interaction 
variable, cattle on farms whose bitches had no 
designated whelping area were more likely to test 
seropositive for N. caninum when farmers 
allowed their dogs to access aborted fetuses 
compared to cattle owned by farmers who did not 
allow their dogs to access aborted fetuses. For the 
36.2% of cattle with BVDV antigen seropositivity, 
introducing open heifers (versus cows) and farm 
dogs having a designated birthing kennel were 
protective factors, while direct contact of cattle 
with pigs was a risk factor. Age was involved in 
two interaction variables. On farms where no 
visiting dairy farmer entered the cow shed in the 
last year, older animals had a higher probability 
of testing seropositive for BVDV antigen than 
younger animals. Similarly, older animals 

appeared to have a reduced probability of testing 
positive for BVDV antigen when the farmers had 
introduced new calves to the farms but not when 
farmers had not introduced new calves. For the 
47.1% of cattle with BVDV antibody 
seropositivity, age (cows versus heifers) was a 
risk factor while direct contact of dairy cattle with 
pigs and possibly with other cattle or wild 
ruminants on community pastures appeared to 
be protective factors. For the 18.5% of cattle with 
co-infections between N. caninum and BVDV 
antibody and/or antigen seropositivity, parity, 
direct contact of dairy cattle with dogs and with 
goats, and introducing milking cows into farms 
were all significant risk factors in the final model. 
Farmer education on these biosecurity measures 
is recommended, along with introduction of 
BVDV vaccination. 
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