
ABSTRACT

Endemic infectious diseases remain a major challenge 
for dairy producers worldwide. For effective disease 
control programs, up-to-date prevalence estimates are of 
utmost importance. The objective of this study was to 
estimate the herd-level prevalence of bovine leukemia 
virus (BLV), Salmonella Dublin, and Neospora caninum 
in dairy herds in Alberta, Canada using a serial cross-
sectional study design. Bulk tank milk samples from all 
Alberta dairy farms were collected 4 times, in December 
2021 (n = 489), April 2022 (n = 487), July 2022 (n = 
487), and October 2022 (n = 480), and tested for antibod-
ies against BLV, S. Dublin, and N. caninum using ELI-
SAs. Herd-level apparent prevalence was calculated as 
positive samples divided by total tested samples at each 
time point. A mixed effect modified Poisson regression 
model was employed to assess the association of preva-
lence with region, herd size, herd type, and type of milk-
ing system. Apparent prevalence of BLV was 89.4, 88.7, 
86.9 and 86.9% in December, April, July, and October, 
respectively, whereas for S. Dublin apparent prevalence 
was 11.2, 6.6, 8.6, and 8.5%, and for N. caninum appar-
ent prevalence was 18.2, 7.4, 7.8, and 15.0%. For BLV, S. 
Dublin and N. caninum, a total of 91.7, 15.6, and 28.1% of 
herds, respectively, were positive at least once, whereas 
82.5, 3.6, and 3.0% of herds were ELISA-positive at all 
4 times. Compared with the north region, central Alberta 
had a high prevalence (prevalence ratio (PR) = 1.13) 
of BLV-antibody positive herds, whereas south Alberta 
had a high prevalence (PR = 2.56) of herds positive for 
S. Dublin antibodies. Furthermore, central (PR = 0.52) 

and south regions (PR = 0.46) had low prevalence of N. 
caninum-positive herds compared with the north.

Hutterite colony herds were more frequently BLV-pos-
itive (PR = 1.13) but less frequently N. caninum-positive 
(PR = 0.47). Large herds (>7,200 L/day milk delivered 
~ > 250 cows) were 1.1 times more often BLV-positive, 
whereas small herds (≤3,600 L/day milk delivered ~ 
≤ 125 cows) were 3.2 times more often N. caninum-
positive. For S. Dublin, Hutterite-colony herds were less 
frequently (PR = 0.07) positive than non-colony herds 
only in medium and large stratum but not in small stra-
tum. Moreover, larger herds were more frequently (PR = 
2.20) S. Dublin-positive than smaller herds only in non-
colony stratum but not in colony stratum. Moreover, N. 
caninum prevalence was 1.6 times higher on farms with 
conventional milking systems compared with farms with 
an automated milking system. These results provide up-
to-date information of the prevalence of these infections 
that will inform investigations of within-herd prevalence 
of these infections and help in devising evidence-based 
disease control strategies.
Keywords: bovine leukosis, neosporosis, Salmonella 
Dublin, dairy farms, surveillance, prevalence

INTRODUCTION

Infectious diseases have a considerable adverse impact 
on the productivity and profitability of the dairy industry, 
directly through treatment and veterinary costs and loss 
of milk production, and indirectly through reduced cow 
longevity, reproductive losses, and regulatory implica-
tions for export of animals/animal products (Hernandez 
et al., 2001; Chi et al., 2002; Otta et al., 2003; Haddad 
et al., 2005; Tiwari et al., 2007; Aghamohammadi et al., 
2018; Kuczewski et al., 2019, 2021). Besides economic 
consequences, animal welfare concerns and health im-
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plications such as transmission of pathogens to humans 
can also cause consumer concerns that may reduce con-
sumption of cattle products (Bharti et al., 2003; Barkema 
et al., 2015; Harvey et al., 2017; Mangat et al., 2019). 
Although outbreaks of emerging diseases often receive 
most attention, endemic diseases dominate the global 
burden of infectious diseases of animals (Wierup, 2012). 
Several important endemic infectious production-lim-
iting diseases, such as contagious mastitis, bovine leu-
kosis, salmonellosis, neosporosis, bovine viral diarrhea, 
and Johne’s disease (JD), remain major challenges for 
the dairy industry in Canada and worldwide.

Enzootic bovine leukosis, caused by bovine leukemia 
virus (BLV), is an infection of high economic impor-
tance that is associated with decreased milk production, 
reduced longevity, and impairment of the immune system 
(Erskine et al., 2012; Bartlett et al., 2014). It was esti-
mated that 83 to 87% of Alberta dairy herds are positive 
for BLV (Nekouei et al., 2015b; Kuczewski et al., 2019). 
A recent study indicated that BLV decreased the partial 
net revenue of $635 per infected cow per year (Kucze-
wski et al., 2019). However, actual revenue losses are 
likely higher as BLV modulates the immune response and 
reduces longevity in the herd (Bartlett et al., 2013).

Salmonella enterica ssp. enterica serovar Dublin (S. 
Dublin), a zoonotic pathogen that is often multidrug-
resistant (Davis et al., 2007; Otto et al., 2018), is adapted 
to cattle and is associated with abortion, decreased milk 
production, and increased calf morbidity and mortality 
on dairy farms (Nielsen et al., 2007a, 2012; McSweeney 
and McNamara, 2021). A Danish study estimated gross 
margin losses of €49 – 326 per cow in the first year fol-
lowing S. Dublin infection and €8 – 188 per cow per year 
for next 9 years, depending on level of farm manage-
ment (Nielsen et al., 2013). An Irish study estimated that 
Salmonella infection on farms reduced annual profits by 
€112 per cow (O’Doherty et al., 2015). There were 29 S. 
Dublin isolates recovered from 1990 to 1999 in Alberta 
cattle (Guerin et al., 2005). Furthermore, S. Dublin is a 
reportable disease in Alberta (Alberta Agriculture, 2022) 
and Alberta Agriculture reported 6 and 2 cases in 2021 
and 2022, respectively, in the province (Alberta Agricul-
ture, 2022). However, herd-level prevalence of S. Dublin 
in Alberta, Canada has never been estimated.

Bovine neosporosis, caused by the coccidian parasite 
Neospora caninum, is the most important contributor to 
abortion and perinatal mortality in dairy cattle in many 
countries (Hernandez et al., 2002; Brickell et al., 2010; 
Reichel et al., 2013) including Canada where 41% of 
abortions with a definitive diagnosis were associated 
with N. caninum during an active surveillance (Haddad 
et al., 2005; Wilson et al., 2016). The annual costs of 
neosporosis have been estimated at CA$2,305 for a 50-
cow Canadian dairy herd (Chi et al., 2002), which trans-

lates to CA$3,740 in 2023 when corrected for inflation 
(Canada Inflation Calculator) .

Apart from animal health and economic perspectives, 
some infectious diseases can also have public health 
implications. For example, S. Dublin is transmissible to 
humans and can cause multidrug-resistant bloodstream 
infections with severe health complications (Harvey et 
al., 2017; Mangat et al., 2019).

The importance of controlling endemic infectious 
diseases is often underrated by producers due to the 
challenge of linking their presence with demonstrable 
production or economic losses. Often, in infected herds, 
typical clinical signs of these diseases are either absent, 
mild, or vague, and as a result, their presence on dairy 
farms is commonly accepted (Carslake et al., 2011; Sta-
tham, 2011; Ritter et al., 2017).

Effective surveillance and disease control are impor-
tant for maintaining the health and welfare of dairy cattle, 
plus the profitability of dairy farming. For effective dis-
ease control, up-to-date estimates of disease occurrence 
are of utmost importance. The prevalence of BLV, S. 
Dublin and N. caninum were reported in various regions 
of the world, but up-to-date data on the prevalence in 
Canada, especially in western Canada, are limited. Most 
prevalence estimates for BLV, S. Dublin and N. caninum 
in North America are older and may no longer be valid 
as prevalence can change due to control programs and 
changes in dairy industry dynamics (Barkema et al., 
2015). The objective of this study was, therefore, to gen-
erate an up-to-date estimation of the herd-level preva-
lence and identify spatial trends of and factors associated 
with BLV, S. Dublin and N. caninum infection in dairy 
herds in Alberta, Canada using a serial cross-sectional 
study design. It is expected that this will inform investi-
gations of within-herd prevalence of these infections and 
facilitate development of evidence-based disease control 
and eradication programs not only in Alberta but also in 
other regions of North America and beyond.

MATERIALS AND METHODS

The study was approved by the Animal Care Commit-
tee (AC21–0070) of the University of Calgary (Calgary, 
AB, Canada).

Study Population

All active dairy farms that were delivering milk at 
any of the 4 sampling times in Alberta, Canada, were in-
cluded in the study. These farms were divided into north, 
central, and south regions by the provincial milk author-
ity, i.e., Alberta Milk (Alberta Milk, 2022).
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Sample Collection

A 40 mL bulk tank milk (BTM) sample was collected 
by the milk collectors as an extra sample during the 
routine milk collection from active dairy producers in 
Alberta at 4 time points: in December 2021 (n = 489), 
April 2022 (n = 487), July 2022 (n = 487), and October 
2022 (n = 480). Samples were well-mixed and carefully 
obtained from each tank collected, following standard 
operating procedures devised by Alberta Milk for routine 
BTM sample collection. Samples were shipped at 4°C 
to the laboratory at the Faculty of Veterinary Medicine 
of the University of Calgary (Calgary, AB, Canada) and 
stored at 4°C. In the next 2 or 3 d, 10 mL was removed 
from each sample and centrifuged at 1400 g for 10 min 
at room temperature and the cream layer was removed. 
The skim milk samples were aliquoted into 1 mL por-
tions in sterile 2.0 mL centrifuge tubes. Another aliquot 
before removal of fat layer was also prepared. Original 
remaining samples and all aliquots were stored at –20°C 
until testing. The samples remained frozen for a median 
(Q1 – Q3) of 142 (116 – 145), 17 (4 – 26), 5 (5 – 15), and 
18 (17 – 35) days for time point 1, 2, 3, and 4 samples, 
respectively.

Bovine Leukemia Virus ELISA

Frozen skim milk aliquots were thawed and tested for 
antibodies against BLV using commercially available 
blocking ELISA (Bovicheck BLV; Biovet, Saint-Hya-
cinthe QC, Canada), following the manufacturer’s proto-
col. Optical density (OD) was measured and percentage 
inhibition (PI%) was calculated as follows (Equation 1):
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A PI% ≥ 30 was considered positive, whereas a PI% > 20 
and <30 was considered suspected, and a PI% < 20 was 
considered negative.

Salmonella Dublin ELISA

Frozen samples, without fat removal, were thawed 
and tested for antibodies against S. Dublin using indirect 
ELISA (PrioCHECK S. Dublin Ab Strip Kit, # 7610640; 
Thermo Fischer Scientific, Waltham, MA). Plates coated 
with purified polysaccharide (LPS) isolated from S. 
Dublin were used to detect antibodies against Salmonella 
LPS O-antigens 1, 9 and 12. All tests were conducted ac-
cording to the manufacturer’s instructions. The OD was 
measured at 450 nm within 15 min. Corrected OD450 was 
calculated by subtracting negative control OD from the 

sample OD. Percentage positivity (PP%) was calculated 
as follows (Equation 2):

	 PP CorrectedODsamples
CorrectedODPositiveControls

%
   

     
   = ×1000 10
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Manufacturers recommended cut off-values were used, 
i.e., PP% ≥ 35 was considered positive whereas PP% < 
35 was considered negative.

Neospora caninum ELISA

Frozen skim milk aliquots were thawed and tested 
for antibodies against N. caninum using commercially 
available indirect ELISA (IDEXX Neospora X2; IDEXX 
Laboratories, Westbrook, ME), with small modifications: 
The dilution was 1:2 for BTM instead of 1:100 recom-
mended for serum using manufacturer’s supplied diluent, 
as described (Bartels et al., 2005; Wapenaar et al., 2007). 
The OD was measured, and sample-to-positive ratio 
(S/P) was calculated as follows (Equation 3):

S P SampleMean NegativeControlMean
PositiveControlMea

=
−
nn NegativeControlMean

.
−

� (3)

An S/P ≥ 0.50 was considered to be positive whereas 
an S/P < 0.50 was considered negative for antibodies 
against N. caninum (Nasir et al., 2012).

Data Management

Data on annual milk volume delivered, geographical 
region (north, central, south), type of milking system 
(conventional milking system (CMS) vs. automatic 
milking system (AMS)) and herd type (Hutterite colony 
vs. non-colony herds) of each farm was obtained from 
Alberta Milk. Average daily milk delivered by each farm 
was calculated by dividing total annual milk delivered by 
the number of days milk delivered by each farm, which 
was then categorized into 3 herd size categories: small 
(≤3,600 L/day milk), medium (3,600 – 7,200 L/day milk), 
and large (>7,200 L/day milk). To aid interpretation, 
approximate adult cow herd size was estimated using 
Alberta Milk’s statistics on provincial milk production, 
number of farms and average herd size (Alberta Milk, 
2022) using the following equation (Equation 4):
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Herdsizeof farmA
Totalannualmilkdeliveredby farmA

T
=
ootal amountmilk
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( )
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Statistical Analyses

Data were initially put into spreadsheets using Micro-
soft Excel for Mac (Microsoft Corporation, Redmond, 
WA) and then imported to Stata. Statistical analyses 
were performed using Stata/SE 17.0 for Mac (StataCorp. 
2021, College Station, TX). A P-value <0.05 was con-
sidered statistically significant. Descriptive statistics 
were calculated for herd characteristics and outcomes. 
Categorical variables were presented as frequency and 
proportions while continuous variables were presented 
as mean and medians along with first and third quartiles. 
Apparent herd-level prevalence at each time point was 
calculated by dividing the number of positive herds by 
the total number of herds tested at the respective time 
point. Overall apparent herd-level prevalence was calcu-
lated as proportion of herds that were positive at least 
once out of 4 time points. A sensitivity analysis was 
performed by excluding herds with <4 samples. Addi-
tionally, proportion of herds that were positive at all 4 
time points was also estimated. Logit-transformation was 
applied to compute the 95% confidence interval (95% 
CI) of the proportion estimates. To check any expected 
differences across the 3 Alberta regions (north, central, 
south), we compared continuous and binary herd charac-
teristics and outcomes across regions using univariable 
linear and logistic regression. Histograms were created 
to illustrate distribution of the PI%, PP% and S/P ratio 
for the results of the BLV, S. Dublin, and N. caninum 
ELISAs, respectively, across time points. Boxplots were 
created for visualizing interquartile spread of PI%, PP% 
and S/P ratio across time points and outcomes (positive 
or negative).

A mixed effect generalized linear model with log link 
and Poisson family was developed with herd included as 
random effect to determine association of geographical 
regions, herd type, herd size, and type of milking sys-
tem with the prevalence of herds ELISA-positive for 
each pathogen separately. Robust variance covariance 
estimator (vce) was used to compute standard errors of 
the effect estimates using Huber and White sandwich 
estimator of variance (Huber, 1967; White, 1980, 1982). 
This approach, called modified Poisson regression is an 
alternate to more frequently used logistic regression and 
was chosen considering the prevalence estimation design 

of the study and the common outcome to avoid inflated 
odds ratios and associated misinterpretation (Barros and 
Hirakata, 2003; Coutinho et al., 2008; Fonseca Martinez 
et al., 2017; Gnardellis et al., 2022).

Predictors were assessed for potential effect modifi-
cation using 2-way interactions in a manual backward 
elimination manner. Any statistically significant interac-
tions remained in the model (Dohoo et al., 2010a; b). No 
effect modification was present except a significant in-
teraction of herd size and herd type for S. Dublin model. 
Consequently, stratum-specific estimates of herd size 
and herd type were computed for the S. Dublin model. 
Due to small number of observations in one of the strata, 
i.e., large colony herds, medium and large herds were ag-
gregated into one category for S. Dublin model. Akaike's 
information criterion (AIC) was used to select the best 
fitting models.

A sensitivity analysis was performed by restricting 
each pathogen model to herds that were sampled at all 
4 times. Equation 5, 6, and 7 represent the final models 
that we report for BLV, S. Dublin, and N. caninum, re-
spectively:

	 log(p(BLV)ij) = β0 + β1 ⸱ (Region)ij + β2 ⸱ (Herd Size)ij + 
β3 ⸱ (Herd Type)ij + β4 ⸱ (Milking Sysem)ij + Zui	 (5)

	 log(p(SD)ij) = β0 + β1 ⸱ (Region)ij + β2 ⸱ (Herd Size)ij 
+ β3 ⸱ (Herd Type)ij + β4 ⸱ (Milking Sysem)ij + + β5 ⸱ 

(Herd Size × Herd Type)ij + Zui	 (6)

	 log(p(NC)ij) = β0 + β1 ⸱ (Region)ij + β2 ⸱ (Herd Size)ij + 
β3 ⸱ (Herd Type)ij + β4 ⸱ (Milking Sysem)ij + Zui	 (5)

where p(OUTCOME)ij is the probability of observing a posi-
tive BTM test for the given outcome in jth sample of the 
ith herd conditional on predictors; β0 is the intercept, β1 
is the regression coefficient representing the difference 
in logs of the expected probability of outcome between 
given and the reference categories of the region when 
other variables are held constant; β2 is the difference 
in logs of the expected probability of outcome between 
given and the reference categories of herd size when 
other variables are held constant; β3 is the difference in 
logs of the expected probability of outcome for Hutterite 
colony herds compared with non-colony herds when oth-
er variables are held constant; β4 is the difference in log 
of the expected probability of outcome for AMS herds 
compared with CMS herds when other variables are held 
constant; β5 is the change in the difference in logs of ex-
pected probability between colony and non-colony herds 
with change in herd size; Zui is herd-specific random 
intercept to account for with-in herd variability.
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Final model coefficients were exponentiated to obtain 
prevalence ratios (PR), which are analogous to the risk 
ratio, and were presented along with 95% CI and cor-
responding P-values (Fonseca Martinez et al., 2017).

Spatial visualization of the geographical spread of 
herds was performed using QGIS Version 3.28 Firenze 
for macOS (QGIS Geographic Information System, 
QGIS Association) utilizing Statistics Canada bound-
ary files and Alberta census boundaries (Statistics 
Canada, 2016; Government of Alberta, 2022). The 
data were transformed and projected into EPSG 3400 
(NAD_1983_10TM_AEP_Forest). Heat maps were used 
to visualize geographical spread of the dairy farms re-
flecting density across Alberta census sub-divisions.

RESULTS

Of 495 unique farms in this study, 473 (95.6%) farms 
were sampled at all 4 time points whereas 13 (2.6%), 3 
(0.6%) and 6 (1.2%) farms were sampled only 3, 2, and 
1 times, respectively. These herds were spread across 3 
regions with varying farm density (Figure 1). There were 
139 (28%), 196 (40%), and 160 (32%) herds in the north, 
central, and south regions, respectively (Table 1). Of the 
study farms, 49.7, 34.7, and 15.6% of the herds were cat-
egorized as small (≤3,600 L/day milk delivered ~ ≤ 125 
cows), medium (3,600 – 7,200 L/day milk delivered), 
and large herds (>8600 L/day milk delivered), respec-
tively, with a mean (median) milk volume delivered of 
2,385 (2,530), 4,828 (4,618), and 11,296 (10,180) L/day, 
respectively (Table 1). Furthermore, 29% of herds used 
an automated milking system and 27% herds belonged to 
Hutterite colonies (Table 2). Hutterite colony herds were 
more common in South Alberta compared with the rest of 
the province (Table 1).

Bovine leukemia virus

Apparent prevalence of BLV antibody-positive herds 
ranged from 86.9 to 89.4% at various time points 
whereas overall herd-level prevalence was 91.7%, with 
82.5% of herds consistently positive at all 4 time points 
(Table 3). The distribution of PI% ranged from –53.7 to 
93.6 across time points (Supplementary Figure S1; https:​
/​/​data​.mendeley​.com/​datasets/​ypz48nbpmn/​1; Shaukat, 
2024), whereas mean PI% of the positive samples was 
74.5 (median = 77.1, range = 30.4 to 92.6), 69.3 (median 
= 73.4, range = 30.6 to 90.1), 71.3 (median = 74.6, range 
= 30.4 to 93.6), and 68.0 (median = 71.2, range = 31.1 to 
89.8) at first, second, third, and fourth tests, respectively 
(Supplementary Figure S2; https:​/​/​data​.mendeley​.com/​
datasets/​ypz48nbpmn/​1; Shaukat, 2024).

The prevalence of herds positive for BLV antibodies 
was high (PR = 1.13; 95% CI = 1.04 – 1.23) in Central 

region compared with north region (Table 4). The pro-
portion of BLV-positive herds was higher in larger (PR = 
1.11; 95% CI = 1.03 – 1.20) and non-significantly higher 
in medium size categories (PR = 1.06; 95% CI = 0.99 
– 1.13; P = 0.11) compared with small size herds. Hut-
terite colony herds were more frequently positive (PR = 
1.13; 95% CI = 1.07 – 1.20) than non-colony herds. The 
proportion of BLV-positive farms was not different (P = 
0.78) between farms milking with a CMS or AMS.

Salmonella Dublin

Apparent prevalence of herds positive for S. Dublin 
antibodies at various time points ranged from 6.6 to 
11.2% whereas overall herd-level prevalence was 15.6% 
(Table 3). The BTM of 3.6% herds tested positive for S. 
Dublin antibodies at all 4 time points, whereas another 
2.7% herds were positive at 3 of 4 time points. The PP% 
ranged from –11.3 to 157.5 across time points (Supple-
mentary Figure S3; https:​/​/​data​.mendeley​.com/​datasets/​
ypz48nbpmn/​1; Shaukat, 2024) whereas mean PP% of the 
positive samples was 62.0 (median = 53.2, range = 35.2 
to 157.5), 57.0 (median = 49.8, range = 35.9 to 113.2), 
59.4 (median = 56.0, range = 36.7 to 136.2), and 57.7 
(median = 46.6, range = 35.6 to 108.7) for first, second, 
third, and fourth test, respectively (Supplementary Figure 
S4; https:​/​/​data​.mendeley​.com/​datasets/​ypz48nbpmn/​1; 
Shaukat, 2024).

South Alberta had a higher prevalence (PR = 2.56; 
95% CI = 1.23 – 5.32) of S. Dublin antibody-positive 
herds compared with north region (Table 5). Larger herd 
size was associated with an increased likelihood of being 
positive (PR = 2.20; 95% CI = 1.14 – 4.26) for S. Dublin 
antibodies in non-colony herds stratum, however, herd 
size did not make any difference (P = 0.07) on S. Dublin 
positivity among colony-herds stratum. Hutterite colony 
herds were significantly less frequently (PR = 0.07; 95% 
CI = 0.02 – 0.27) positive for S. Dublin antibodies com-
pared with non-colony herds, however, this pattern was 
observed in medium and large herd size only whereas 
prevalence did not differ (P = 0.35) between colony and 
non-colony herds for small size herds. S. Dublin preva-
lence did not differ (P = 0.20) between farms milking 
with a CMS and AMS (Table 5).

Neospora caninum. Apparent prevalence of N. cani-
num antibody-positive herds ranged from 7.4 to 18.2% 
across the 4 time points whereas overall herd-level 
prevalence was 28.1%, with 3% herds positive for N. 
caninum antibodies at all 4 test (Table 3). The S/P ratio 
ranged from –1.92 to 3.37 across time points Supple-
mentary Figure S5; https:​/​/​data​.mendeley​.com/​datasets/​
ypz48nbpmn/​1; Shaukat, 2024) whereas mean S/P ratio 
of the positive samples was 0.81 (median = 0.68, range 
= 0.50 to 1.79), 0.72 (median = 0.62, range = 0.51 to 
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2.02), 0.99 (median = 0.73, range = 0.51 to 3.37), and 
0.80 (median = 0.71, range = 0.50 to 2.15) for first, sec-
ond, third, and fourth time points, respectively (Supple-
mentary Figure S6; https:​/​/​data​.mendeley​.com/​datasets/​
ypz48nbpmn/​1; Shaukat, 2024).

The prevalence of N. caninum antibody-positive herds 
was significantly low in central (PR = 0.52; 95% CI = 
0.35 – 0.77) and south (PR = 0.46; 95% CI = 0.29 – 0.73) 
regions compared with north Alberta, with northern 
herds being 2.2 times more often positive compared with 

herds in southern Alberta (Table 4). Medium and large 
herds were less frequently (PR = 0.66; 95% CI = 0.46 – 
0.96, and PR = 0.32; 95% CI = 0.16 – 0.62, respectively) 
positive for N. caninum antibodies compared with small 
herds. The herd-prevalence was significantly low among 
Hutterite colonies (PR = 0.47; 95% CI = 0.29 – 0.76) 
compared with non-colony herds. Herds with CMS were 
1.6 times more frequently positive than herds with AMS.

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS

Figure 1. Spatial distribution of the dairy farms included in study across Alberta, Canada. Farm density across Alberta represented as number of 
dairy farms per census sub-division. Dairy farms are categorized into north, central, and south regions.

https://data.mendeley.com/datasets/ypz48nbpmn/1
https://data.mendeley.com/datasets/ypz48nbpmn/1
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DISCUSSION

This study, using ELISA on BTM, provided estimates 
on herd-level prevalence of 3 important infectious dis-
eases (BLV, S. Dublin and N. caninum) in Alberta dairy 
herds. As expected, most dairy herds in Alberta were 
BLV-positive, but unexpectedly, a substantial number of 
herds were also positive for S. Dublin. The prevalence of 
herds positive for N. caninum was also relatively high. 
The study also identified important spatial patterns and 
association of these infections with herd characteristics.

Analysis of BTM samples is a valuable tool for moni-
toring health status of dairy herds. BTM testing is a con-
venient, cost-effective and easy to implement strategy, 
often used in disease surveillance programs (Andersen et 
al., 2003; Ågren et al., 2018). This non-invasive method 
can provide valuable information regarding the herd-level 
prevalence of infectious agents in dairy cattle, enabling 
early detection plus implementation and evaluation of 
disease control measures and programs (Nobrega et al., 
2023a; b). In addition, BTM samples can also provide 
a representative sample of dairy herds, allowing for a 
more comprehensive assessment of disease prevalence 
compared with individual-animal testing. BTM testing 
has been successfully used to monitor progress of several 
disease control programs, including brucellosis control 
in various countries; paratuberculosis, Strep. agalac-
tiae, and S. Dublin control programs in Denmark; and a 
Mycoplasma bovis eradication program in New Zealand 
(Nobrega et al., 2023a).

However, BTM testing could have lower sensitivity 
compared with individual animal testing due to dilution, 
especially when within-herd prevalence is low (Nekouei 
et al., 2015a; Soltau et al., 2017; Nobrega et al., 2023a; 
b). Another limitation is that BTM does not accurately 
reflect status of nonlactating animals, i.e., youngstock, 
bulls and dry cows (Veling et al., 2002; Nielsen, 2013; 
Petersen et al., 2016). Therefore, the prevalence of in-
fections like S. Dublin that primarily affect young stock 
may be underestimated using BTM testing approach. For 
example, 25% herds in Ontario had at least 1 positive 
animal out of 20 animals sampled; that was substantially 
higher compared with only 4% farms positive in BTM 
in the same study (Perry et al., 2023). A serial cross-sec-
tional design using repeated BTM testing, as employed 
in this study, could capture the status of dry cattle and 
pregnant heifers in subsequent time point testing.

Prevalence studies (cross-sectional or longitudinal) are 
common in veterinary epidemiology and have value for 
answering important research questions related to distri-
bution of diseases in a given population (Dohoo et al., 
2010c). Often, the outcome is binary (presence or absence 
of a disease) and prevalence in 1 group is compared with 
that in another group. Prevalence ratio, which is a ratio 
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between prevalence in 1 group and prevalence in another 
group, is a suitable measure of association in this type of 
study design due to its ease of interpretation (Zocchetti 
et al., 1997; Grimes and Schulz, 2008; Gnardellis et al., 
2022). The PR is analogous to the relative risk or risk 
ratio having the same mathematical formula, but it has 
a different epidemiological context as it cannot be used 
in cohort studies or clinical trials (Holcomb et al., 2001; 
Gnardellis et al., 2022). In prevalence studies, especially 
when the disease is not rare (>10%), use of PRs should 
be preferred over commonly used odds ratios obtained 
from logistic regression to avoid inflated odds ratios and 
the associated risk of misinterpretation (Holcomb et al., 
2001; Behrens et al., 2004; Ospina et al., 2012).

Inferential statistics are useful for sample data whereby 
estimated sample statistics can be inferred using confi-
dence intervals and P-values to the underlying popula-
tion to predict population parameters. However, when 
whole population data are available, i.e., census data, 
use of inferential statistics may not be needed as the true 
population parameters can directly be computed from the 
population data, and a finite population correction fac-
tor is used to adjust variance estimator for descriptive 
statistics but not for analytical purposes (Cochran, 1977). 
Conversely, it can be rightly argued that census data it-
self acts as a sample, reflecting the population's status at 
a specific time and representing just one of many pos-
sible population states over time (Dohoo et al., 2010d). 
Thus, it serves as a simple random sample of the broader 
'general population'. Consequently, the use of inferential 
statistics is reasonable to draw inference to the general 
population especially when goal is analytical (Cochran, 
1977; Korn and Graubard, 1999). In this study, data were 
collected from all active dairy producers in Alberta at 

4 different time points representing 4 simple random 
samples of the general population consisting of all farms 
at all different times and states. Notably, the population 
is changing over time as some producers moved out of 
business and new producers came in within the study 
period and beyond. Furthermore, this study is based on 
BTM samples which is a pooled sample from lactating 
animals in the herd on the specific day of sampling. As 
composition of lactating herd is changing at a dairy farm 
with some animals moving out of lactation at drying off 
and new animals entering the pool after calving, besides 
usual inflow and outflow of animals from a herd, this 
leaves an inherent stochasticity in the outcome mea-
surement. Therefore, the design and goals of this study 
warrants the use of analytical methods enabling to draw 
inference to the general population.

Although BLV control or eradication programs in 
Europe (European Commission, 2014) and New Zea-
land (Voges, 2011, 2012) have been successful, mainly 
through testing and culling strategies, limited progress 
has been made in North America. The current findings 
were similar to other recent studies reporting a high prev-
alence of BLV in Alberta and in other Canadian provinces 
(Nekouei et al., 2015a; John et al., 2020). Regardless of 
using BTM or animal-level samples, Canadian studies 
have demonstrated that the herd-level prevalence in all 
provinces except Quebec, consistently ranged from 86 
to 97% in the last 15 years (Scott et al., 2006; VanLeeu-
wen et al., 2006; Nekouei et al., 2015a; b; John et al., 
2020; Nobrega et al., 2024). A similar herd-level BLV 
prevalence of 84 and 94% was reported for the USA us-
ing BTM samples and animal-level samples, respectively 
(APHIS-USDA, 2008; Ladronka et al., 2018). The high 
prevalence of BLV in North America was attributed to 
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Table 2. Alberta herds positive at least once for antibodies against bovine leukemia virus, Salmonella Dublin, and Neospora caninum across different 
levels of herd characteristics

  No. (%) herds

No. (%) of antibody positive herds

BLV S. Dublin N. caninum

Region        
North Alberta 139 (28) 117 (84.2) 20 (14.4) 56 (40.3)
Central Alberta 196 (40) 188 (95.9) 22 (11.2) 49 (25.0)
South Alberta 160 (32) 149 (93.1) 35 (21.9) 34 (21.3)
Herd size        
Small (≤3,600 L/day milk delivered; ~125 cows1) 246 (50) 219 (89.0) 32 (13.0) 83 (33.7)
Medium (3,600 – 7200 L/day milk delivered; ~126 – 250 cows1) 172 (35) 160 (93.0) 27 (15.7) 43 (25.0)
Large (>7,200 L/day milk delivered; ~ > 250 cows1) 77 (15) 75 (97.4) 18 (23.4) 13 (16.9)
Herd type        
Non-colony 361 (73) 322 (89.2) 64 (17.7) 113 (31.3)
Hutterite colony 134 (27) 132 (98.5) 13 (9.7) 26 (19.4)
Milking system        
Conventional milking system 354 (72) 324 (91.5) 60 (16.9) 110 (31.1)
Automated milking system 141 (29) 130 (92.2) 17 (12.1) 29 (20.6)
1Approximate adult cows number estimated to ease interpretation of size categories using annual milk delivered by each farm and Alberta Milk’s of-
ficial statistics on average herd size and total Alberta milk production.
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a lack of effective control over the last decades, despite 
several voluntary BLV control programs (Brunner et al., 
1997; Canadian Food Inspection Agency, 2021). One of 
the main reasons is that the culling strategy is not feasi-
ble in North America due to high within-herd prevalence 
~40% (Nekouei et al., 2015b; Ladronka et al., 2018; Kuc-
zewski et al., 2019). Alternative approaches including 
segregation of infected animals, culling based on high 
proviral load, and adopting best management practices 
may be a more practical option in the North American 
context (Kuczewski et al., 2021; Shrestha et al., 2024a; 
b). Moreover, genetic selection for BLV-resistant cattle 
may accelerate BLV control as bovine leukocyte antigen 
(BoLA) class II haplotypes are known to modulate high 
proviral load development (Juliarena et al., 2008; Kucze-
wski et al., 2021).

In our study, prevalence of BLV-positive herds was 
apparently high in south region of Alberta, however, 
the effect was statistically non-significant. This was be-
cause the association between region and BLV positivity 
was confounded by herd type as Hutterite colony herds 
are more concentrated in south region and these herds 
were also more frequently BLV positive than non-col-
ony herds. “Hutterites are a German speaking religious 
brotherhood…” (Evans 2019) and an important pillar of 
agriculture in Western Canada including dairy produc-
tion, producing 21% of Alberta’s milk. The dairy farms 
at Hutterite colonies are similar to other dairy farms with 
one distinct difference, i.e., most Hutterite colonies use 
natural breeding, either fully or partially (Colazo and 
Whittaker, 2016; Joseph, 2022) which is an important 
risk factor for BLV transmission (Erskine et al., 2012; 
Mekata et al., 2015; Kuczewski et al., 2021). However, 
little is known regarding purchase behavior and gen-
eral herd management on Hutterite colony herds, which 
makes inferences challenging.

Larger herds were more likely to be BLV-positive 
compared with smaller herds, which can be interpreted 
as either an increased risk for large farms to attract BLV, 
or a challenge of large herds to eradicate BLV. Effects 
of herd size on BLV positivity has been demonstrated in 
Denmark, the USA and Turkey (Gottschau et al., 1990; 
APHIS-USDA, 2008; Şevik et al., 2015; Sun et al., 
2015) whereas others did not report any difference with 
herd size (Sargeant et al., 1997; Murakami et al., 2011; 
Nekouei et al., 2015b). Large farms may frequently buy 
replacement animals or expand their herds, and generally 
these animals are not tested for BLV before introduction 
into the herd.

Unexpectedly, herd-level prevalence of S. Dublin 
antibodies in Alberta dairy herds was relatively high 
(15.5%). S. Dublin is an emerging pathogen of concern 
for the Canadian dairy industry and several provinces 
have started surveillance for it. The proportion of farms 
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positive for S. Dublin antibodies reported in this study 
is consistent with S. Dublin apparent prevalence using 
BTM samples reported in Ontario (4%; Perry et al., 2023, 
and 7.5%; Nobrega et al., 2024), British Columbia (28%; 
Personnel communication; BC Animal Health Centre, 
2023), and Quebec (15.5 and 9.6% in farms with and 
without a history of S. Dublin, respectively; Um et al., 
2022). However, differences in sampling strategies may 
have affected the low prevalence in Ontario and Quebec 
as 2 studies (Um et al., 2022; Perry et al., 2023) used 
a convenience sample out of total farms and collected 

only 2 BTM samples per farm 4–6 mo apart, while the 
third study used single sample from all Ontario herds 
(Nobrega et al., 2024) whereas the current study, similar 
to British Columbia, used a serial cross-sectional design 
with 4 rounds of BTM samples 3–4 mo apart from all 
farms in the province, which likely increased sensitiv-
ity. The S. Dublin prevalence ranged from 6.6 to 11.2% 
across time points in this study; hence it seemed likely 
to miss some farms if only 1 or 2 samples were col-
lected instead of 4 BTM samples, as 9 farms sampled 
only once or twice tested negative. Notably, we used 
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Table 4. Prevalence ratios (PR) and 95% Confidence Intervals (CI) for herd characteristics associated with a positive bulk tank milk sample for 
antibodies against Bovine Leukemia Virus (BLV) and Neospora caninum in all sampled herds (n = 495) using mixed effect modified Poisson 
regression models

Variable Herds No. (%) Samples No. (%)

BLV

 

N. caninum

Prevalence Ratio (95% CI) P-value Prevalence Ratio (95% CI) P-value

Region            
North 139 (28) 543 (28) Reference      
Central 196 (40) 768 (39) 1.13 (1.04 – 1.23) 0.004 0.52 (0.35 – 0.77) 0.001
South 160 (32) 632 (33) 1.08 (0.98 – 1.19) 0.102 0.46 (0.29 – 0.73) 0.001
Herd Size            
Small (≤3,600 L/day) 246 (50) 956 (49) Reference      
Medium (3,600 – 7,200 L/day) 172 (35) 679 (35) 1.06 (0.99 – 1.13) 0.112 0.66 (0.46 – 0.96) 0.030
Large (>7200 L/day) 77 (15) 308 (16) 1.11 (1.03 – 1.20) 0.004 0.32 (0.16 – 0.62) 0.001
Herd Type            
Non-colony farms 361 (73) 1411 (73) Reference      
Hutterite colony farms 134 (27) 532 (27) 1.13 (1.07 – 1.20) <0.001 0.47 (0.29 – 0.76) 0.002
Milking System            
Conventional 354 (72) 1388 (71) Reference      
Automated milking system 141 (29) 555 (29) 0.99 (0.93 – 1.06) 0.782 0.62 (0.41 – 0.93) 0.022

Table 5. Prevalence ratios (PR) and 95% Confidence Intervals (CI) for farm characteristics associated with a 
positive bulk tank milk sample for antibodies against Salmonella Dublin in all sampled herds (n = 495) using 
mixed effect modified Poisson regression model

Variable

No. (%)

 

Salmonella Dublin

Herds Samples Prevalence Ratio (95% CI) P-value

Region          
North 139 (28) 543 (28)      
Central 196 (40) 768 (39)   0.60 (0.27 – 1.32) 0.208
South 160 (32) 632 (33)   2.56 (1.23 – 5.32) 0.012
Herd Size          
Hutterite Colony Herds 134 (27) 532 (27)      
Small (≤3,600 L/day) 81 (60) 322 (61)   Reference
Medium + large (>3,600 L/day) 53 (40) 210 (39)   0.25 (0.05 – 1.16) 0.077
Non-colony Herds 361 (73) 1411 (73)      
Small (≤3,600 L/day) 165 (46) 634 (45)   Reference
Medium + large (>3,600 L/day) 196 (54) 777 (55)   2.20 (1.14 – 4.26) 0.019
Herd Type          
Small Herds 246 (50) 956 (49)      
Non-colony herds 165 (67) 660 (67)   Reference
Hutterite colony herds 81 (33) 324 (33)   0.62 (0.23 – 1.68) 0.347
Medium + Large Herds 249 (50) 987 (51)      
Non-colony herds 196 (79) 783 (79)   Reference
Hutterite colony herds 53 (21) 212 (21)   0.07 (0.02 – 0.27) <0.001
Milking System          
Conventional 354 (72) 1388 (71)   Reference
Automated milking system 141 (28) 555 (29)   0.64 (0.32 – 1.26) 0.197
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manufacturer’s recommended cut-off value (PP% ≥ 35) 
for a sample to be positive similar to other studies in 
Canada (BC Animal Health Centre, 2023; Perry et al., 
2023). However, Um et al. (2022) used a lower cut-off 
value (PP% ≥ 15) in line with the cut-off value used by 
the Quebec provincial authorities to enhance sensitivity 
for the surveillance of this important zoonotic pathogen. 
If we were to use the lowered cut-off values in Alberta, 
overall apparent prevalence would increase from 15.5 to 
28.3% whereas 10.5 versus 3.6% of herds would have 
been consistently positive. Using an ELISA test on BTM 
samples with cut-offs of ≥15 and ≥35, sensitivities were 
40.6 and 16.3%, respectively and specificity was 91.9 
and 97.5% (Um et al., 2022). It is also important to note 
that some cross-reactivity with non-Dublin Salmonella 
(such as S. Typhimurium) having O-antigen factors 1, 9 
and 12 may occur with using this ELISA kit. Overall, 
herd-level S. Dublin prevalence in Alberta and the rest of 
Canada seemed lower than estimates from the UK (40%, 
Henderson et al., 2022) but higher than from New York 
State, USA (0.94%; Cummings et al., 2018).

Herds in the south of Alberta were more frequently 
positive for S. Dublin antibodies compared with the 
north. These findings were consistent with British Co-
lumbia (BC Animal Health Centre, 2023) where south-
ern regions of Fraser valley (36%) and Creston valley 
(38%) had a higher prevalence compared with central 
regions of North Okanagan (19%) and north region of 
Bulkley valley (5%). Similarly, S. Dublin prevalence was 
higher in southwestern Ontario (Nobrega et al., 2024). 
These provinces border with the USA on the south and 
cross-border movement of animals and animal importa-
tion may be potential reasons to be explored for a higher 
prevalence in south regions. However, a lower S. Dublin 
prevalence (<1%) in New York State (Cummings et al., 
2018) bordering with Ontario contradicts this argument; 
however, this study is based on a single round of BTM 
samples collected in 2013 and current estimates are 
likely to be higher in New York State as well. There are 
no prevalence estimates on S. Dublin available on north-
ern states of the USA bordering with western Canadian 
provinces. Additionally, there may be other associated 
factors for a high S. Dublin prevalence in South Alberta 
region including climate, soil type or a higher concentra-
tion of beef and cow-calf operations in southern Alberta 
(Dimmell, 2021), which we did not explore in our study, 
and may contribute to the higher S. Dublin prevalence.

The higher S. Dublin prevalence in large versus small 
farms was in line with previous studies (Davison et al., 
2006; Nielsen et al., 2007b; Nielsen and Dohoo, 2012, 
2013) although others have not reported this association 
and they argue that some management practices on larger 
farms, e.g., calving in group pens and more animals per 
calving pen, might be associated with S. Dublin spread 

and increased prevalence on large farms (Ågren et al., 
2017; Perry et al., 2023). In our study, a low prevalence 
was noted among Hutterite colony herds compared with 
non-Hutterite herds. This may again be associated with 
herd management practices at colony farms versus non-
colony farms, which should be explored.

Twenty-eight percent of Alberta dairy herds were N. 
caninum antibodies positive. A study using animal level 
samples from 77 dairy herds (clients of veterinarians par-
ticipating in a Johne’s disease control program) in Alberta 
identified that all except 1, i.e., 99% herds had at least 1 
antibody-positive animal (Scott et al., 2006). However, 
this study did not include a random sample. Also, they 
used individual-animal samples instead of BTM, which 
increases sensitivity. In Manitoba, Canada, 24 (60%) of 
the 40 dairy farms, included in the study, had at least 1 
N. caninum seropositive animal, of which 15 (37%) had 
at least 2 positive animals (VanLeeuwen et al., 2006). 
Herd-level prevalence using BTM was 6.4% in 2004 and 
10% in 2005, in Prince Edward Island, Canada (Wapenaar 
et al., 2007). Our study estimated comparatively higher 
prevalence than Prince Edward Island, consistent, with a 
study based on individual-animal samples (VanLeeuwen 
et al., 2010). In other countries, BTM-based prevalence 
of N. caninum positive herds ranged from 0.7% in Nor-
way (Klevar et al., 2010) to 19% in Ireland (O’Doherty et 
al., 2013), 55% in Italy (Varcasia et al., 2006), and 60% 
in Spain (González-Warleta et al., 2011).

A threshold for N. caninum within-herd seroprevalence 
of ≥ 15% was estimated for a BTM to be positive using a 
cut-off value of ≥0.60 (Bartels et al., 2005; Wapenaar et 
al., 2007). Conversely, prevalence estimated in our study 
could have been underestimated where negative herds 
may still have a lower within-herd prevalence. In lieu of 
this, we used the standard manufacturer recommended 
individual sample cut-off value of ≥ 0.50 as used by oth-
ers (Nasir et al., 2012), which improved sensitivity to 73 
from 61% (while using a cut-off ≥ 0.60) at the expense 
of slightly lower specificity (89 vs. 92% using a cut-off 
≥ 0.60) (Bartels et al., 2005). If we were to use the cut-
off ≥ 0.60, the overall prevalence would be reduced to 
20.5 from 27.9% and only 1.2% farms would be positive 
all 4 times instead of 3.0%. The variation of prevalence 
between time points in our study can be attributed to the 
changes in herd characteristics contributing to the bulk 
tank from 1 time point to the next as variation in antibod-
ies against N. caninum is associated with milk produc-
tion, stage of lactation, parity, etc. (Schares et al., 2004; 
Haddad et al., 2005; Bartels et al., 2007).

Similar to Scott et al. (2006), north Alberta had a high-
er prevalence of N. caninum positive herds compared 
with the central and southern regions in this study. In 
the absence of farm management data, we hypothesize 
that exposure of cattle to wild canids could be higher in 
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farms in the north than other regions (VanLeeuwen et al., 
2010). North Alberta has more forest lands that support 
larger population of wild canids (coyotes, foxes etc.), 
increasing the likelihood of contact between cattle and 
wild canids (Scott et al., 2006).

Also, smaller farms had were more frequently positive 
compared with large farms, in line with a previous Ca-
nadian study (VanLeeuwen et al., 2010). An explanation 
to this association might be housing and management 
practices in small versus large farms. Large farms tend 
to have more free-stall than tie-stall housing and such 
farms are more likely to keep their animals indoors in 
summer (VanLeeuwen et al., 2010) leading to lower 
exposure to dogs or wild canids; however, Alberta does 
not have higher number of tie-stall farms, therefore, this 
perspective may not be valid in Alberta context. It can be 
hypothesized that dogs may have a higher likelihood to 
be in contact with aborted fetuses, carcasses, placenta, 
and uterine discharges in smaller versus larger farms 
(Corbellini et al., 2006). Moreover, larger farms may also 
benefit due to a higher average production and potential 
dilution effect (Bartels et al., 2007). Our study also indi-
cated that Hutterite colony herds had a lower prevalence 
compared with non-Hutterite farms. This may have been 
due to herd management practices and potentially less 
exposure of animals with canids at colony farms that 
were not explored in this study.

This study was conducted using BTM samples from all 
Alberta dairy herds through Alberta Milk. The authors 
had no direct access to the farms, hence no farm-level 
data including management practices were obtained. 
Therefore, other potential factors associated with preva-
lence could not be identified. Understanding manage-
ment practices and other associated factors in different 
regions and farm types (Hutterite colony herds vs. non-
colony herds) are important for future studies. A more 
focused study using a subset of Alberta dairy herds based 
on random sampling method may be sufficient to identify 
risk factors. Furthermore, the ELISAs used in this study 
are not perfect and therefore a true prevalence may vary 
from the apparent prevalence reported in this study when 
test imperfections are taken into account. The estimation 
of true prevalence is challenging using traditionally used 
Rogan and Gladen method to account for test imperfec-
tions especially when estimated apparent prevalence is 
less than 1 – Specificity such as in case of N. caninum in 
this study. Moreover, test characteristics of BLV ELISA 
kit for BTM analysis are currently not reported. Alter-
natively, Bayesian latent class models (BLCM) could be 
utilized to estimate true prevalence for such imperfect 
scenarios, however, such models are not readily avail-
able for implementation especially considering repeated 
bulk tank milk testing as employed in this serial cross-
sectional study. Therefore, to be consistent for all infec-

tions reported in this study, we decided to report apparent 
prevalence in this study while a future recommendation 
would be utilizing BLCM methods to estimate true 
prevalence of these infections using repeated quarterly 
BTM analysis. Finally, our study was limited to only the 
dairy herds in Alberta; however, given that Alberta has 
a substantial proportion (44%) of Canada’s beef cattle, 
including cow-calf operations, exploring the burden of 
infections such as S. Dublin and N. caninum in these 
production types could yield important insights and im-
plications for animal health in both the dairy and beef 
industries.

Up-to-date prevalence estimates generated in this 
study will be imperative in guiding future research, ex-
tension, and policy decisions to improve animal health 
and safeguard public health not only in western Canada 
but also in other regions of the world, especially North 
America. Moreover, similar surveillance programs using 
BTM can be initiated in other countries where these in-
fections are deemed to be endemic. Finally, data analysis 
approach employed in this study can be applied in similar 
prevalence studies.

CONCLUSIONS

Most herds in Alberta, Canada, were BLV-antibody 
positive and a substantial proportion of herds were S. 
Dublin and/or N. caninum-antibody positive. BLV and 
S. Dublin prevalence was higher in central and south 
Alberta, respectively, compared with northern Alberta, 
whereas prevalence of N. caninum positive herds was 
higher in the northern region compared with central and 
south regions. Similarly, BLV prevalence was higher on 
Hutterite colony farms whereas S. Dublin and N. caninum 
prevalence was higher on non-Hutterite farms. Large 
herds were more frequently positive for BLV and S. Dub-
lin and less frequently positive for N. caninum compared 
with small herds. Moreover, N. caninum was higher on 
farms with conventional milking systems than farms 
with automated milking system. These results provide 
up-to-date information of the disease frequency that will 
inform investigations of within-herd prevalence of these 
infections and help in devising evidence-based disease 
control and eradication programs, not only in Alberta but 
also in other regions of North America and beyond.

ACKNOWLEDGMENTS

The authors thank the Canadian Agricultural Partner-
ship (CAP) Program, Natural Sciences and Engineering 
Research Council (NSERC) of Canada Industrial Re-
search Chair (IRC) in Infectious Diseases of Dairy Cat-
tle, Alberta Milk, Results Driven Agriculture Research 

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS



Journal of Dairy Science Vol. TBC No. TBC, TBC

(RDAR), and The Plowright Prize – RCVS Knowledge 
for funding this study.

REFERENCES

Aghamohammadi, M., D. Haine, D. F. Kelton, H. W. Barkema, H. 
Hogeveen, G. P. Keefe, and S. Dufour. 2018. Herd-level mastitis-
associated costs on Canadian dairy farms. Front. Vet. Sci. 5:100. 
https:​/​/​doi​.org/​10​.3389/​fvets​.2018​.00100​.

Ågren, E. C. C., J. Frössling, H. Wahlström, U. Emanuelson, and S. 
Sternberg Lewerin. 2017. A questionnaire study of associations 
between potential risk factors and Salmonella status in Swedish 
dairy herds. Prev. Vet. Med. 143:21–29. https:​/​/​doi​.org/​10​.1016/​j​
.prevetmed​.2017​.05​.004​.

Ågren, E. C. C., S. S. Lewerin, and J. Frössling. 2018. Evaluation of 
herd-level sampling strategies for control of Salmonella in Swedish 
cattle. J. Dairy Sci. 101:10177–10190. https:​/​/​doi​.org/​10​.3168/​jds​
.2018​-14786​.

Alberta Agriculture. Provincially regulated animal diseases. Ac-
cessed December 22, 2023. https:​/​/​www​.alberta​.ca/​reportable​-and​
-notifiable​-animal​-diseases​.aspx​.

Alberta Milk. 2022. Alberta milk annual report (2021–22). Accessed De-
cember 22, 2023. https:​/​/​albertamilk​.com/​wp​-content/​uploads/​2022/​
11/​ABMilk​_AR​_2021​-22​_Final​_Email​.pdf.

Andersen, H. J., L. H. Pedersen, F. M. Aarestrup, and M. Chriél. 2003. 
Evaluation of the surveillance program of Streptococcus agalactiae 
in Danish dairy herds. J. Dairy Sci. 86:1233–1239. https:​/​/​doi​.org/​10​
.3168/​jds​.S0022​-0302(03)73707​-2​.

APHIS-USDA. 2008. Veterinary services info sheet. Bovine Leukosis 
Virus (BLV) on U.S. dairy operations (Info Sheet #N526.0708): 
National Animal Health Monitoring System (NAHMS) Dairy Study 
2007. Fort Collins, CO.

Barkema, H. W., M. A. G. von Keyserlingk, J. P. Kastelic, T. J. G. M. 
Lam, C. Luby, J. P. Roy, S. J. LeBlanc, G. P. Keefe, and D. F. Kelton. 
2015. Invited review: Changes in the dairy industry affecting dairy 
cattle health and welfare. J. Dairy Sci. 98:7426–7445. https:​/​/​doi​
.org/​10​.3168/​jds​.2015​-9377.

Barros, A. J. D., and V. N. Hirakata. 2003. Alternatives for logistic 
regression in cross-sectional studies: An empirical comparison of 
models that directly estimate the prevalence ratio. BMC Med. Res. 
Methodol. 3:1–13. https:​/​/​doi​.org/​10​.1186/​1471​-2288​-3​-21​.

Bartels, C. J. M., C. Van Maanen, A. M. Van Der Meulen, T. Dijkstra, 
and W. Wouda. 2005. Evaluation of three enzyme-linked immuno-
sorbent assays for detection of antibodies to Neospora caninum in 
bulk milk. Vet. Parasitol. 131:235–246. https:​/​/​doi​.org/​10​.1016/​j​
.vetpar​.2005​.05​.011​.

Bartels, C. J. M., G. van Schaik, K. van Maanen, W. Wouda, and T. Di-
jkstra. 2007. Factors associated with variation in Neospora caninum 
bulk-milk S/P ratios in initially bulk-milk negative testing Dutch 
dairy herds. Prev. Vet. Med. 81:265–273. https:​/​/​doi​.org/​10​.1016/​j​
.prevetmed​.2007​.04​.019​.

Bartlett, P. C., B. Norby, T. M. Byrem, A. Parmelee, J. T. Ledergerber, 
and R. J. Erskine. 2013. Bovine leukemia virus and cow longevity in 
Michigan dairy herds. J. Dairy Sci. 96:1591–1597. https:​/​/​doi​.org/​10​
.3168/​jds​.2012​-5930.

Bartlett, P. C., L. M. Sordillo, T. M. Byrem, B. Norby, D. L. Grooms, 
C. L. Swenson, J. Zalucha, and R. J. Erskine. 2014. Options for the 
control of bovine leukemia virus in dairy cattle. J. Am. Vet. Med. 
Assoc. 244:914–922. https:​/​/​doi​.org/​10​.2460/​javma​.244​.8​.914​.

BC Animal Health Centre. 2023. Salmonella Dublin investigation and 
management program (SDIMP) in British Columbia. Accessed at 
December 22, 2023. https:​/​/​www​.sdublinbc​.ca.

Behrens, T., D. Taeger, J. Wellmann, and U. Keil. 2004. Different methods 
to calculate effect estimates in cross-sectional studies: A comparison 
between prevalence odds ratio and prevalence ratio. Methods Inf. 
Med. 43:505–509. https:​/​/​doi​.org/​10​.1055/​s​-0038​-1633907​.

Bharti, A. R., J. E. Nally, J. N. Ricaldi, M. A. Matthias, M. M. Diaz, M. 
A. Lovett, P. N. Levett, R. H. Gilman, M. R. Willig, E. Gotuzzo, 
and J. M. Vinetz. 2003. Leptospirosis: a zoonotic disease of global 

importance. Lancet Infect. Dis. 3:757–771. https:​/​/​doi​.org/​10​.1016/​
S1473​-3099(03)00830​-2​.

Brickell, J. S., M. M. McGowan, and D. C. Wathes. 2010. Association 
between Neospora caninum seropositivity and perinatal mortality in 
dairy heifers at first calving. Vet. Rec. 167:82–85. https:​/​/​doi​.org/​10​
.1136/​vr​.c3583​.

Brunner, M. A., D. H. Lein, and E. J. Dubovi. 1997. Experiences with the 
New York State bovine leukosis virus eradication and certification 
program. Vet. Clin. North Am. Food Anim. Pract. 13:143–150. https:​
/​/​doi​.org/​10​.1016/​S0749​-0720(15)30369​-8​.

Canada Inflation Calculator. Official inflation data. Accessed Decem-
ber 22, 2023. https:​/​/​www​.officialdata​.org/​canada/​inflation/​2002​
?amount​=​2305​.

Canadian Food Inspection Agency. 2021. Canada Health Accredited 
Herd Enzootic Bovine Leukosis Program: Accredited veterinarian’s 
manual. Accessed December 22, 2023. https:​/​/​inspection​.canada​.ca/​
animal​-health/​terrestrial​-animals/​diseases/​accredited​-veterinarian​-s​
-manual/​chapter​-9/​eng/​1634751670767/​1634751671127​#a91.

Carslake, D., W. Grant, L. E. Green, J. Cave, J. Greaves, M. Keeling, J. 
McEldowney, H. Weldegebriel, and G. F. Medley. 2011. Endemic 
cattle diseases: comparative epidemiology and governance. Philos. 
Trans. R. Soc. Lond. B Biol. Sci. 366:1975–1986. https:​/​/​doi​.org/​10​
.1098/​rstb​.2010​.0396​.

Chi, J., J. A. VanLeeuwen, A. Weersink, and G. P. Keefe. 2002. Direct 
production losses and treatment costs from bovine viral diarrhoea 
virus, bovine leukosis virus, Mycobacterium avium subspecies para-
tuberculosis, and Neospora caninum. Prev. Vet. Med. 55:137–153. 
https:​/​/​doi​.org/​10​.1016/​S0167​-5877(02)00094​-6​.

Cochran, W. G. 1977. Simple random sampling. Pages 35–45 in Sam-
pling techniques. 3rd ed. John Wiley & Sons, Ltd., New York, NY.

Colazo, M. G., and P. R. Whittaker. 2016. Modifications of the Heat-
synch protocol for natural-service breeding in dairy cows. Page 36 
in Western Canadian Dairy Seminar. Accessed at November 5, 2023. 
https:​/​/​wcds​.ualberta​.ca/​wcds/​wp​-content/​uploads/​sites/​57/​wcds​
_archive/​Archive/​2016/​Abstracts/​p320​.pdf

Corbellini, L. G., D. R. Smith, C. A. Pescador, M. Schmitz, A. Correa, 
D. J. Steffen, and D. Driemeier. 2006. Herd-level risk factors for 
Neospora caninum seroprevalence in dairy farms in southern Brazil. 
Prev. Vet. Med. 74:130–141. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​
.2005​.11​.004​.

Coutinho, L. M. S., M. Scazufca, and P. R. Menezes. 2008. Meth-
ods for estimating prevalence ratios in cross-sectional studies. 
Rev. Saude Publica 42:992–998. https:​/​/​doi​.org/​10​.1590/​S0034​
-89102008000600003​.

Cummings, K. J., P. D. Virkler, B. Wagner, E. A. Lussier, and B. S. 
Thompson. 2018. Herd-level prevalence of Salmonella Dublin 
among New York dairy farms based on antibody testing of bulk 
tank milk. Zoonoses Public Health 65:1003–1007. https:​/​/​doi​.org/​
10​.1111/​zph​.12523​.

Davis, M. A., D. D. Hancock, T. E. Besser, J. B. Daniels, K. N. K. Baker, 
and D. R. Call. 2007. Antimicrobial resistance in Salmonella enterica 
serovar Dublin isolates from beef and dairy sources. Vet. Microbiol. 
119:221–230. https:​/​/​doi​.org/​10​.1016/​j​.vetmic​.2006​.08​.028​.

Davison, H. C., A. R. Sayers, R. P. Smith, S. J. S. Pascoe, R. H. Davies, 
J. P. Weaver, and S. J. Evans. 2006. Risk factors associated with the 
Salmonella status of dairy farms in England and Wales. Vet. Rec. 
159:871–880. https:​/​/​doi​.org/​10​.1136/​VR​.159​.26​.871​.

Dimmell, M. 2021. Our West | I ‘Heart’ Western Canadian Beef: Beef 
industry in Western Canada | Canada West Foundation. Accessed 
December 22, 2023. https:​/​/​cwf​.ca/​research/​publications/​our​-west​
-i​-heart​-western​-canadian​-beef​-beef​-industry​-in​-western​-canada/​
#​_ftn2.

Dohoo, I., W. Martin, and H. Stryhn. 2010a. Model-building strategies. 
Pages 365–394 in Veterinary Epidemiologic Research. 2nd ed. VER 
Inc., Charlottetown, PEI, Canada.

Dohoo, I., W. Martin, and H. Stryhn. 2010b. Reducing the number of 
predictors. Pages 368–374 in Veterinary Epidemiologic Research. 
2nd ed. VER Inc., Charlottetown, PEI, Canada.

Dohoo, I., W. Martin, and H. Stryhn. 2010c. Introduction to observational 
studies. Pages 151–162 in Veterinary Epidemiologic Research. 2nd 
ed. VER Inc., Charlottetown, PEI, Canada.

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS

https://doi.org/10.3389/fvets.2018.00100
https://doi.org/10.1016/j.prevetmed.2017.05.004
https://doi.org/10.1016/j.prevetmed.2017.05.004
https://doi.org/10.3168/jds.2018-14786
https://doi.org/10.3168/jds.2018-14786
https://www.alberta.ca/reportable-and-notifiable-animal-diseases.aspx
https://www.alberta.ca/reportable-and-notifiable-animal-diseases.aspx
https://albertamilk.com/wp-content/uploads/2022/11/ABMilk_AR_2021-22_Final_Email.pdf
https://albertamilk.com/wp-content/uploads/2022/11/ABMilk_AR_2021-22_Final_Email.pdf
https://doi.org/10.3168/jds.S0022-0302(03)73707-2
https://doi.org/10.3168/jds.S0022-0302(03)73707-2
https://doi.org/10.3168/jds.2015-9377
https://doi.org/10.3168/jds.2015-9377
https://doi.org/10.1186/1471-2288-3-21
https://doi.org/10.1016/j.vetpar.2005.05.011
https://doi.org/10.1016/j.vetpar.2005.05.011
https://doi.org/10.1016/j.prevetmed.2007.04.019
https://doi.org/10.1016/j.prevetmed.2007.04.019
https://doi.org/10.3168/jds.2012-5930
https://doi.org/10.3168/jds.2012-5930
https://doi.org/10.2460/javma.244.8.914
https://www.sdublinbc.ca
https://doi.org/10.1055/s-0038-1633907
https://doi.org/10.1016/S1473-3099(03)00830-2
https://doi.org/10.1016/S1473-3099(03)00830-2
https://doi.org/10.1136/vr.c3583
https://doi.org/10.1136/vr.c3583
https://doi.org/10.1016/S0749-0720(15)30369-8
https://doi.org/10.1016/S0749-0720(15)30369-8
https://www.officialdata.org/canada/inflation/2002?amount=2305
https://www.officialdata.org/canada/inflation/2002?amount=2305
https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/accredited-veterinarian-s-manual/chapter-9/eng/1634751670767/1634751671127#a91
https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/accredited-veterinarian-s-manual/chapter-9/eng/1634751670767/1634751671127#a91
https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/accredited-veterinarian-s-manual/chapter-9/eng/1634751670767/1634751671127#a91
https://doi.org/10.1098/rstb.2010.0396
https://doi.org/10.1098/rstb.2010.0396
https://doi.org/10.1016/S0167-5877(02)00094-6
https://wcds.ualberta.ca/wcds/wp-content/uploads/sites/57/wcds_archive/Archive/2016/Abstracts/p320.pdf
https://wcds.ualberta.ca/wcds/wp-content/uploads/sites/57/wcds_archive/Archive/2016/Abstracts/p320.pdf
https://doi.org/10.1016/j.prevetmed.2005.11.004
https://doi.org/10.1016/j.prevetmed.2005.11.004
https://doi.org/10.1590/S0034-89102008000600003
https://doi.org/10.1590/S0034-89102008000600003
https://doi.org/10.1111/zph.12523
https://doi.org/10.1111/zph.12523
https://doi.org/10.1016/j.vetmic.2006.08.028
https://doi.org/10.1136/VR.159.26.871
https://cwf.ca/research/publications/our-west-i-heart-western-canadian-beef-beef-industry-in-western-canada/#_ftn2
https://cwf.ca/research/publications/our-west-i-heart-western-canadian-beef-beef-industry-in-western-canada/#_ftn2
https://cwf.ca/research/publications/our-west-i-heart-western-canadian-beef-beef-industry-in-western-canada/#_ftn2


Journal of Dairy Science Vol. TBC No. TBC, TBC

Dohoo, I., W. Martin, and H. Stryhn. 2010d. Sampling: Census vs. 
sample. Pages 34–35 in Veterinary epidemiologic research. 2nd ed. 
VER Inc., Charlottetown, PE, Canada.

Erskine, R. J., P. C. Bartlett, T. M. Byrem, C. L. Render, C. Febvay, and 
J. T. Houseman. 2012. Herd-level determinants of bovine leukaemia 
virus prevalence in dairy farms. J. Dairy Res. 79:445–450. https:​/​/​
doi​.org/​10​.1017/​S0022029912000520.

European Commission. 2014. Bovine and swine diseases 2014 annual re-
port. Accessed November 5, 2023. https:​/​/​food​.ec​.europa​.eu/​system/​
files/​2016​-10/​la​_bovine​_final​_report​_2014​.pdf.

Evans, S. M. 2019. Hutterite agriculture in Alberta: The contribution of 
an ethnic isolate. Agric. Hist. 93:656–681. https:​/​/​doi​.org/​10​.3098/​
ah​.2019​.093​.4​.656.

Fonseca Martinez, B. A., V. B. Leotti, G. de Sousa, E. Silva, L. N. Nunes, 
G. Machado, and L. G. Corbellini. 2017. Odds ratio or prevalence 
ratio? An overview of reported statistical methods and appropriate-
ness of interpretations in cross-sectional studies with dichotomous 
outcomes in veterinary medicine. Front. Vet. Sci. 4:303263. https:​/​/​
doi​.org/​10​.3389/​FVETS​.2017​.00193/​BIBTEX​.

Gnardellis, C., V. Notara, M. Papadakaki, V. Gialamas, and J. Chliaou-
takis. 2022. Overestimation of relative risk and prevalence ratio: 
Misuse of logistic modeling. Diagnostics (Basel) 12:2851. https:​/​/​
doi​.org/​10​.3390/​diagnostics12112851​.

González-Warleta, M., J. A. Castro-Hermida, C. Carro-Corral, and M. 
Mezo. 2011. Anti-Neospora caninum antibodies in milk in relation 
to production losses in dairy cattle. Prev. Vet. Med. 101:58–64. 
https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2011​.04​.019​.

Gottschau, A., P. Willeberg, C. E. Franti, and J. C. Flensburg. 1990. The 
effect of a control program for enzootic bovine leukosis: Changes 
in herd prevalence in Denmark, 1969–1978. Am. J. Epidemiol. 
131:356–364. https:​/​/​doi​.org/​10​.1093/​oxfordjournals​.aje​.a115505​.

Government of Alberta. 2022. Alberta Census Boundaries - Current 
(SHP). Accessed December 22, 2023. https:​/​/​open​.alberta​.ca/​
opendata/​gda​-4d939041​-851b​-4848​-bd30​-44dbf129e16c

Grimes, D. A., and K. F. Schulz. 2008. Making sense of odds and odds 
ratios. Obstet. Gynecol. 111:423–426. https:​/​/​doi​.org/​10​.1097/​01​
.AOG​.0000297304​.32187​.5d​.

Guerin, M. T., S. W. Martin, G. A. Darlington, and A. Rajic. 2005. A 
temporal study of Salmonella serovars in animals in Alberta between 
1990 and 2001. Can. J. Vet. Res. 69:88–99.

Haddad, J. P. A., I. R. Dohoo, and J. A. VanLeewen. 2005. A review of 
Neospora caninum in dairy and beef cattle — a Canadian perspec-
tive. Can. Vet. J. 46:230–243.

Harvey, R. R., C. R. Friedman, S. M. Crim, M. Judd, K. A. Barrett, B. 
Tolar, J. P. Folster, P. M. Griffin, and A. C. Brown. 2017. Epidemiol-
ogy of Salmonella enterica serotype Dublin infections among hu-
mans, United States, 1968–2013. Emerg. Infect. Dis. 23:1493–1501. 
https:​/​/​doi​.org/​10​.3201/​eid2309​.170136​.

Henderson, K., C. Mason, F. Brülisauer, and P. Williams. 2022. Deter-
mining the prevalence of antibodies to Salmonella Dublin in dairy 
herds in Great Britain by quarterly bulk tank testing. Prev. Vet. Med. 
208:105776. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2022​.105776​.

Hernandez, J., C. Risco, and A. Donovan. 2001. Association between 
exposure to Neospora caninum and milk production in dairy cows. 
J. Am. Vet. Med. Assoc. 219:632–635. https:​/​/​doi​.org/​10​.2460/​javma​
.2001​.219​.632​.

Hernandez, J., C. Risco, and A. Donovan. 2002. Risk of abortion as-
sociated with Neospora caninum during different lactations and 
evidence of congenital transmission in. J. Am. Vet. Med. Assoc. 
221:1742–1746. https:​/​/​doi​.org/​10​.2460/​javma​.2002​.221​.1741​.

Holcomb, W. L. J. Jr., T. Chaiworapongsa, D. A. Luke, and K. D. Burg-
dorf. 2001. An odd measure of risk: Use and misuse of the odds ratio. 
Obstet. Gynecol. 98:685–688. https:​/​/​doi​.org/​10​.1097/​00006250​
-200110000​-00028.

Huber, P. J. 1967. The behavior of maximum likelihood estimates un-
der nonstandard conditions. Pages 221–234 in Proc. Fifth Berkeley 
Symp. Math. Stat. Prob. University of California Press, University 
of California.

John, E. E., G. Keefe, M. Cameron, H. Stryhn, and J. T. McClure. 2020. 
Development and implementation of a risk assessment and manage-

ment program for enzootic bovine leukosis in Atlantic Canada. J. 
Dairy Sci. 103:8398–8406. https:​/​/​doi​.org/​10​.3168/​jds​.2019​-17434​.

Joseph, A. 2022. All for one attitude has Hutterite Colony in the right 
frame of mind | Spring Point Colony | PigCHAMP.Com. Accessed 
December 5, 2023. https:​/​/​www​.pigchamp​.com/​news/​benchmark​
-magazine/​articles/​ArtMID/​2128/​ArticleID/​293/​spring​-point​
-colony.

Juliarena, M. A., M. Poli, L. Sala, C. Ceriani, S. Gutierrez, G. Dolcini, 
E. M. Rodríguez, B. Mariño, C. Rodríguez-Dubra, and E. N. Este-
ban. 2008. Association of BLV infection profiles with alleles of the 
BoLA-DRB3.2 gene. Anim. Genet. 39:432–438. https:​/​/​doi​.org/​10​
.1111/​j​.1365​-2052​.2008​.01750​.x​.

Klevar, S., M. Norström, J. Tharaldsen, T. Clausen, and C. Björkman. 
2010. The prevalence and spatial clustering of Neospora caninum in 
dairy herds in Norway. Vet. Parasitol. 170:153–157. https:​/​/​doi​.org/​
10​.1016/​j​.vetpar​.2010​.02​.005​.

Korn, E. L., and B. I. Graubard. 1999. Additional issues in variance 
estimation: variance estimation for superpopulation inference. Pages 
225–228 in Analysis of health surveys. John Wiley & Sons, Inc, New 
York, NY, USA.

Kuczewski, A., H. Hogeveen, K. Orsel, R. Wolf, J. Thompson, E. Spack-
man, and F. van der Meer. 2019. Economic evaluation of 4 bovine 
leukemia virus control strategies for Alberta dairy farms. J. Dairy 
Sci. 102:2578–2592. https:​/​/​doi​.org/​10​.3168/​jds​.2018​-15341​.

Kuczewski, A., K. Orsel, H. W. Barkema, S. Mason, R. Erskine, and F. 
van der Meer. 2021. Invited review: Bovine leukemia virus—Trans-
mission, control, and eradication. J. Dairy Sci. 104:6358–6375. 
https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18925​.

Ladronka, R. M., S. Ainsworth, M. J. Wilkins, B. Norby, T. M. Byrem, 
and P. C. Bartlett. 2018. Prevalence of bovine leukemia virus anti-
bodies in US dairy cattle. Vet. Med. Int. 5831278:1–8. https:​/​/​doi​
.org/​10​.1155/​2018/​5831278​.

Mangat, C. S., S. Bekal, B. P. Avery, G. Côté, D. Daignault, F. Doualla-
Bell, R. Finley, B. Lefebvre, A. Bharat, E. Jane Parmley, R. J. Reid-
Smith, J. Longtin, R. J. Irwin, and M. R. Mulvey. 2019. Genomic 
investigation of the emergence of invasive multidrug-resistant Sal-
monella enterica serovar Dublin in humans and animals in Canada. 
Antimicrob. Agents Chemother. 63:e00108–e00119. https:​/​/​doi​.org/​
10​.1128/​AAC​.00108​-19​.

McSweeney, P. L. H., and J. P. McNamara. 2021. Encyclopedia of Dairy 
Sciences. 3rd ed. Academic Press. Cambridge, MA.

Mekata, H., S. Sekiguchi, S. Konnai, Y. Kirino, K. Honkawa, N. Nonaka, 
Y. Horii, and J. Norimine. 2015. Evaluation of the natural perinatal 
transmission of bovine leukaemia virus. Vet. Rec. 176:254. https:​/​/​
doi​.org/​10​.1136/​vr​.102464.

Murakami, K., S. Kobayashi, M. Konishi, K. Kameyama, T. Yamamoto, 
and T. Tsutsui. 2011. The recent prevalence of bovine leukemia virus 
(BLV) infection among Japanese cattle. Vet. Microbiol. 148:84–88. 
https:​/​/​doi​.org/​10​.1016/​j​.vetmic​.2010​.08​.001​.

Nasir, A., S. R. Lanyon, G. Schares, M. L. Anderson, and M. P. Reichel. 
2012. Sero-prevalence of Neospora caninum and Besnoitia besnoiti 
in South Australian beef and dairy cattle. Vet. Parasitol. 186:480–
485. https:​/​/​doi​.org/​10​.1016/​j​.vetpar​.2011​.11​.032​.

Nekouei, O., H. Stryhn, J. VanLeeuwen, D. Kelton, P. Hanna, and G. 
Keefe. 2015a. Predicting within-herd prevalence of infection with 
bovine leukemia virus using bulk-tank milk antibody levels. Prev. 
Vet. Med. 122:53–60. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2015​.10​
.009​.

Nekouei, O., J. VanLeeuwen, J. Sanchez, D. Kelton, A. Tiwari, and G. 
Keefe. 2015b. Herd-level risk factors for infection with bovine leu-
kemia virus in Canadian dairy herds. Prev. Vet. Med. 119:105–113. 
https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2015​.02​.025​.

Nielsen, L. R. 2013. Review of pathogenesis and diagnostic methods 
of immediate relevance for epidemiology and control of Salmonella 
Dublin in cattle. Vet. Microbiol. 162:1–9. https:​/​/​doi​.org/​10​.1016/​j​
.vetmic​.2012​.08​.003​.

Nielsen, L. R., and I. Dohoo. 2012. Survival analysis of factors affecting 
incidence risk of Salmonella Dublin in Danish dairy herds during a 
7-year surveillance period. Prev. Vet. Med. 107:160–169. https:​/​/​doi​
.org/​10​.1016/​j​.prevetmed​.2012​.06​.002​.

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS

https://doi.org/10.1017/S0022029912000520
https://doi.org/10.1017/S0022029912000520
https://food.ec.europa.eu/system/files/2016-10/la_bovine_final_report_2014.pdf
https://food.ec.europa.eu/system/files/2016-10/la_bovine_final_report_2014.pdf
https://doi.org/10.3098/ah.2019.093.4.656
https://doi.org/10.3098/ah.2019.093.4.656
https://doi.org/10.3389/FVETS.2017.00193/BIBTEX
https://doi.org/10.3389/FVETS.2017.00193/BIBTEX
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.3390/diagnostics12112851
https://doi.org/10.1016/j.prevetmed.2011.04.019
https://doi.org/10.1093/oxfordjournals.aje.a115505
https://open.alberta.ca/opendata/gda-4d939041-851b-4848-bd30-44dbf129e16c
https://open.alberta.ca/opendata/gda-4d939041-851b-4848-bd30-44dbf129e16c
https://doi.org/10.1097/01.AOG.0000297304.32187.5d
https://doi.org/10.1097/01.AOG.0000297304.32187.5d
https://doi.org/10.3201/eid2309.170136
https://doi.org/10.1016/j.prevetmed.2022.105776
https://doi.org/10.2460/javma.2001.219.632
https://doi.org/10.2460/javma.2001.219.632
https://doi.org/10.2460/javma.2002.221.1741
https://doi.org/10.1097/00006250-200110000-00028
https://doi.org/10.1097/00006250-200110000-00028
https://doi.org/10.3168/jds.2019-17434
https://www.pigchamp.com/news/benchmark-magazine/articles/ArtMID/2128/ArticleID/293/spring-point-colony
https://www.pigchamp.com/news/benchmark-magazine/articles/ArtMID/2128/ArticleID/293/spring-point-colony
https://www.pigchamp.com/news/benchmark-magazine/articles/ArtMID/2128/ArticleID/293/spring-point-colony
https://doi.org/10.1111/j.1365-2052.2008.01750.x
https://doi.org/10.1111/j.1365-2052.2008.01750.x
https://doi.org/10.1016/j.vetpar.2010.02.005
https://doi.org/10.1016/j.vetpar.2010.02.005
https://doi.org/10.3168/jds.2018-15341
https://doi.org/10.3168/jds.2020-18925
https://doi.org/10.1155/2018/5831278
https://doi.org/10.1155/2018/5831278
https://doi.org/10.1128/AAC.00108-19
https://doi.org/10.1128/AAC.00108-19
https://doi.org/10.1136/vr.102464
https://doi.org/10.1136/vr.102464
https://doi.org/10.1016/j.vetmic.2010.08.001
https://doi.org/10.1016/j.vetpar.2011.11.032
https://doi.org/10.1016/j.prevetmed.2015.10.009
https://doi.org/10.1016/j.prevetmed.2015.10.009
https://doi.org/10.1016/j.prevetmed.2015.02.025
https://doi.org/10.1016/j.vetmic.2012.08.003
https://doi.org/10.1016/j.vetmic.2012.08.003
https://doi.org/10.1016/j.prevetmed.2012.06.002
https://doi.org/10.1016/j.prevetmed.2012.06.002


Journal of Dairy Science Vol. TBC No. TBC, TBC

Nielsen, L. R., and I. Dohoo. 2013. Time-to-event analysis of predictors 
for recovery from Salmonella Dublin infection in Danish dairy herds 
between 2002 and 2012. Prev. Vet. Med. 110:370–378. https:​/​/​doi​
.org/​10​.1016/​j​.prevetmed​.2013​.02​.014​.

Nielsen, L. R., B. van den Borne, and G. van Schaik. 2007a. Salmonella 
Dublin infection in young dairy calves: Transmission parameters es-
timated from field data and an SIR-model. Prev. Vet. Med. 79:46–58. 
https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2006​.11​.006​.

Nielsen, L. R., L. D. Warnick, and M. Greiner. 2007b. Risk factors for 
changing test classification in the Danish surveillance program for 
Salmonella in dairy herds. J. Dairy Sci. 90:2815–2825. https:​/​/​doi​
.org/​10​.3168/​jds​.2006​-314.

Nielsen, T. D., L. E. Green, A. B. Kudahl, S. Østergaard, and L. R. 
Nielsen. 2012. Evaluation of milk yield losses associated with Sal-
monella antibodies in bulk tank milk in bovine dairy herds. J. Dairy 
Sci. 95:4873–4885. https:​/​/​doi​.org/​10​.3168/​jds​.2011​-4332​.

Nielsen, T. D., A. B. Kudahl, S. Østergaard, and L. R. Nielsen. 2013. 
Gross margin losses due to Salmonella Dublin infection in Danish 
dairy cattle herds estimated by simulation modelling. Prev. Vet. 
Med. 111:51–62. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2013​.03​.011​.

Nobrega, D. B., J. E. French, and D. F. Kelton. 2023a. A scoping review 
of the testing of bulk milk to detect infectious diseases of dairy 
cattle: Diseases caused by bacteria. J. Dairy Sci. 106:1986–2006. 
https:​/​/​doi​.org/​10​.3168/​jds​.2022​-22395​.

Nobrega, D. B., J. E. French, and D. F. Kelton. 2023b. A scoping review 
of the testing of bulk tank milk to detect nonbacterial pathogens or 
herd exposure to nonbacterial pathogens in dairy cattle. J. Dairy Sci. 
106:5636–5658. https:​/​/​doi​.org/​10​.3168/​jds​.2022​-22586​.

Nobrega, D. B., C. Miltenburg, G. Séguin, and D. F. Kelton. 2024. 
Prevalence and spatial distribution of infectious diseases of dairy 
cattle in Ontario, Canada. J. Dairy Sci. https:​/​/​doi​.org/​10​.3168/​jds​
.2023​-24197. In press.

O’Doherty, E., R. Sayers, L. O’ Grady, and L. Shalloo. 2015. Effect of 
exposure to Neospora caninum, Salmonella, and Leptospira inter-
rogans serovar Hardjo on the economic performance of Irish dairy 
herds. J. Dairy Sci. 98:2789–2800. https:​/​/​doi​.org/​10​.3168/​jds​.2014​
-8168​.

O’Doherty, E., R. Sayers, and L. O’Grady. 2013. Temporal trends in 
bulk milk antibodies to Salmonella, Neospora caninum, and Lepto-
spira interrogans serovar hardjo in Irish dairy herds. Prev. Vet. Med. 
109:343–348. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2012​.10​.002​.

Ospina, P. A., D. V. Nydam, and T. J. DiCiccio. 2012. Technical note: 
The risk ratio, an alternative to the odds ratio for estimating the as-
sociation between multiple risk factors and a dichotomous outcome. 
J. Dairy Sci. 95:2576–2584. https:​/​/​doi​.org/​10​.3168/​jds​.2011​-4515​.

Otta, S. L., R. Johnson, and S. J. Wells. 2003. Association between 
bovine-leukosis virus seroprevalence and herd-level productivity 
on US dairy farms. Prev. Vet. Med. 61:249–262. https:​/​/​doi​.org/​10​
.1016/​j​.prevetmed​.2003​.08​.003​.

Otto, S. J. G., K. L. Ponich, R. Cassis, C. Goertz, D. Peters, and S. 
L. Checkley. 2018. Antimicrobial resistance of bovine Salmonella 
enterica ssp. enterica isolates from the Alberta Agriculture and 
Forestry disease investigation program (2006–2014). Can. Vet. J. 
59:1195.

Perry, K. V., D. F. Kelton, S. Dufour, C. Miltenburg, S. G. U. Sedo, and 
D. L. Renaud. 2023. Risk factors for Salmonella Dublin on dairy 
farms in Ontario, Canada. J. Dairy Sci. 106:9426–9439. https:​/​/​doi​
.org/​10​.3168/​jds​.2023​-23517​.

Petersen, M. B., K. Krogh, and L. R. Nielsen. 2016. Factors associated 
with variation in bulk tank milk Mycoplasma bovis antibody-ELISA 
results in dairy herds. J. Dairy Sci. 99:3815–3823. https:​/​/​doi​.org/​10​
.3168/​jds​.2015​-10056​.

Reichel, M. P., M. Alejandra Ayanegui-Alcérreca, L. F. P. Gondim, and 
J. T. Ellis. 2013. What is the global economic impact of Neospora 
caninum in cattle – The billion dollar question. Int. J. Parasitol. 
43:133–142. https:​/​/​doi​.org/​10​.1016/​j​.ijpara​.2012​.10​.022​.

Ritter, C., J. Jansen, S. Roche, D. F. Kelton, C. L. Adams, K. Orsel, R. J. 
Erskine, G. Benedictus, T. J. G. M. Lam, and H. W. Barkema. 2017. 
Invited review: Determinants of farmers’ adoption of management-
based strategies for infectious disease prevention and control. J. 
Dairy Sci. 100:3329–3347. https:​/​/​doi​.org/​10​.3168/​jds​.2016​-11977​.

Sargeant, J. M., D. F. Kelton, S. W. Martin, and E. D. Mann. 1997. As-
sociations between farm management practices, productivity, and 
bovine leukemia virus infection in Ontario dairy herds. Prev. Vet. 
Med. 31:211–221. https:​/​/​doi​.org/​10​.1016/​S0167​-5877(96)01140​-3​.

Schares, G., A. Bärwald, C. Staubach, R. Wurm, M. Rauser, F. J. Con-
raths, and C. Schroeder. 2004. Adaptation of a commercial ELISA 
for the detection of antibodies against Neospora caninum in bovine 
milk. Vet. Parasitol. 120:55–63. https:​/​/​doi​.org/​10​.1016/​j​.vetpar​
.2003​.11​.016​.

Scott, H. M., O. Sorensen, J. T. Y. Wu, E. Y. W. Chow, K. Manninen, and 
J. A. VanLeeuwen. 2006. Seroprevalence of Mycobacterium avium 
subspecies paratuberculosis, Neospora caninum, Bovine leukemia 
virus, and Bovine viral diarrhea virus infection among dairy cattle 
and herds in Alberta and agroecological risk factors associated with 
seropositivity. Can. Vet. J. 47:981–991.

Şevik, M., O. Avcı, and Ö. B. İnce. 2015. An 8-year longitudinal sero-
epidemiological study of bovine leukaemia virus (BLV) infection 
in dairy cattle in Turkey and analysis of risk factors associated with 
BLV seropositivity. Trop. Anim. Health Prod. 47:715–720. https:​/​/​
doi​.org/​10​.1007/​s11250​-015​-0783​-x​.

Shaukat, W. 2024. Supplementary material for “Herd-level prevalence 
of bovine leukemia virus, Salmonella Dublin and Neospora cani-
num in Alberta, Canada, dairy herds using ELISA on bulk tank 
milk samples.”, Mendeley Data, V1. doi:​https:​/​/​doi​.org/​10​.17632/​
ypz48nbpmn​.1​.

Shrestha, S., K. Orsel, H. W. Barkema, L. Martins, S. Shrestha, and F. 
van der Meer. 2024a. Effects of bovine leukemia virus seropositivity 
and proviral load on milk, fat, and protein production of dairy cows. 
J. Dairy Sci. 107:530–539. https:​/​/​doi​.org/​10​.3168/​jds​.2023​-23695.

Shrestha, S., K. Orsel, C. Droscha, S. Mijar, and F. van der Meer. 2024b. 
Removing bovine leukemia virus infected animals with high proviral 
load leads to lowering within-herd prevalence and new case reduc-
tion. J. Dairy Sci. https:​/​/​doi​.org/​10​.3168/​jds​.2023​-24484​.

Soltau, J. B., E. Einax, K. Klengel, J. Katholm, K. Failing, A. Wehrend, 
and K. Donat. 2017. Within-herd prevalence thresholds for herd-
level detection of mastitis pathogens using multiplex real-time PCR 
in bulk tank milk samples. J. Dairy Sci. 100:8287–8295. https:​/​/​doi​
.org/​10​.3168/​jds​.2016​-12385.

Statham, J. 2011. Cattle health schemes. In Pract. 33:210–217. https:​/​/​
doi​.org/​10​.1136/​inp​.d2875​.

Statistics Canada. 2016. Boundary Files, 2016 Census. Statistics Can-
ada Catalogue no. 92–160-X. Accessed November 5, 2023. https:​/​/​
www150​.statcan​.gc​.ca/​n1/​en/​catalogue/​92​-160​-X

Sun, W. W., W. F. Lv, W. Cong, Q. F. Meng, C. F. Wang, X. F. Shan, and 
A. D. Qian. 2015. Mycobacterium avium subspecies paratuberculosis 
and bovine leukemia virus seroprevalence and associated risk factors 
in commercial dairy and beef cattle in Northern and Northeastern 
China. BioMed Res. Int. 315173:1–7. https:​/​/​doi​.org/​10​.1155/​2015/​
315173​.

Tiwari, A., J. A. VanLeeuwen, I. R. Dohoo, G. P. Keefe, J. P. Haddad, R. 
Tremblay, H. M. Scott, and T. Whiting. 2007. Production effects of 
pathogens causing bovine leukosis, bovine viral diarrhea, paratuber-
culosis, and neosporosis. J. Dairy Sci. 90:659–669. https:​/​/​doi​.org/​
10​.3168/​jds​.S0022​-0302(07)71548​-5.

Um, M. M., M. H. Castonguay, J. Arsenault, L. Bergeron, G. Côté, G. 
Fecteau, D. Francoz, J. Giguère, K. M. Amine, I. Morin, and S. Du-
four. 2022. Estimation of the accuracy of an ELISA test applied to 
bulk tank milk for predicting herd-level status for Salmonella Dublin 
in dairy herds using Bayesian Latent Class Models. Prev. Vet. Med. 
206:105699. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​.2022​.105699​.

VanLeeuwen, J. A., J. P. Haddad, I. R. Dohoo, G. P. Keefe, A. Tiwari, and 
H. M. Scott. 2010. Risk factors associated with Neospora caninum 
seropositivity in randomly sampled Canadian dairy cows and herds. 
Prev. Vet. Med. 93:129–138. https:​/​/​doi​.org/​10​.1016/​j​.prevetmed​
.2009​.11​.013​.

VanLeeuwen, J. A., A. Tiwari, J. C. Plaizier, and T. L. Whiting. 2006. 
Seroprevalences of antibodies against bovine leukemia virus, bovine 
viral diarrhea virus, Mycobacterium avium subspecies paratubercu-
losis, and Neospora caninum in beef and dairy cattle in Manitoba. 
Can. Vet. J. 47:783.

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS

https://doi.org/10.1016/j.prevetmed.2013.02.014
https://doi.org/10.1016/j.prevetmed.2013.02.014
https://doi.org/10.1016/j.prevetmed.2006.11.006
https://doi.org/10.3168/jds.2006-314
https://doi.org/10.3168/jds.2006-314
https://doi.org/10.3168/jds.2011-4332
https://doi.org/10.1016/j.prevetmed.2013.03.011
https://doi.org/10.3168/jds.2022-22395
https://doi.org/10.3168/jds.2022-22586
https://doi.org/10.3168/jds.2023-24197
https://doi.org/10.3168/jds.2023-24197
https://doi.org/10.3168/jds.2014-8168
https://doi.org/10.3168/jds.2014-8168
https://doi.org/10.1016/j.prevetmed.2012.10.002
https://doi.org/10.3168/jds.2011-4515
https://doi.org/10.1016/j.prevetmed.2003.08.003
https://doi.org/10.1016/j.prevetmed.2003.08.003
https://doi.org/10.3168/jds.2023-23517
https://doi.org/10.3168/jds.2023-23517
https://doi.org/10.3168/jds.2015-10056
https://doi.org/10.3168/jds.2015-10056
https://doi.org/10.1016/j.ijpara.2012.10.022
https://doi.org/10.3168/jds.2016-11977
https://doi.org/10.1016/S0167-5877(96)01140-3
https://doi.org/10.1016/j.vetpar.2003.11.016
https://doi.org/10.1016/j.vetpar.2003.11.016
https://doi.org/10.1007/s11250-015-0783-x
https://doi.org/10.1007/s11250-015-0783-x
https://doi.org/10.17632/ypz48nbpmn.1
https://doi.org/10.17632/ypz48nbpmn.1
https://doi.org/10.3168/jds.2023-23695
https://doi.org/10.3168/jds.2023-24484
https://doi.org/10.3168/jds.2016-12385
https://doi.org/10.3168/jds.2016-12385
https://doi.org/10.1136/inp.d2875
https://doi.org/10.1136/inp.d2875
https://www150.statcan.gc.ca/n1/en/catalogue/92-160-X
https://www150.statcan.gc.ca/n1/en/catalogue/92-160-X
https://doi.org/10.1155/2015/315173
https://doi.org/10.1155/2015/315173
https://doi.org/10.3168/jds.S0022-0302(07)71548-5
https://doi.org/10.3168/jds.S0022-0302(07)71548-5
https://doi.org/10.1016/j.prevetmed.2022.105699
https://doi.org/10.1016/j.prevetmed.2009.11.013
https://doi.org/10.1016/j.prevetmed.2009.11.013


Journal of Dairy Science Vol. TBC No. TBC, TBC

Varcasia, A., G. Capelli, A. Ruiu, M. Ladu, A. Scala, and C. Bjorkman. 
2006. Prevalence of Neospora caninum infection in Sardinian dairy 
farms (Italy) detected by iscom ELISA on tank bulk milk. Parasitol. 
Res. 98:264–267. https:​/​/​doi​.org/​10​.1007/​s00436​-005​-0044​-4​.

Veling, J., H. W. Barkema, J. Van Der Schans, F. Van Zijderveld, and J. 
Verhoeff. 2002. Herd-level diagnosis for Salmonella enterica subsp. 
enterica serovar Dublin infection in bovine dairy herds. Prev. Vet. 
Med. 53:31–42. https:​/​/​doi​.org/​10​.1016/​S0167​-5877(01)00276​-8​.

Voges, H. 2009. Reports from industry surveillance and disease control 
programmes: New Zealand dairy enzootic bovine leukosis (EBL) 
control scheme. Surveillance 36:29 https:​/​/​www​.sciquest​.org​.nz/​
search/​results​-2/​downloadfulltext/​60780​.

Voges, H. 2012. Reports from industry surveillance and disease control 
programmes: New Zealand dairy enzootic bovine leukosis (EBL) 
control scheme. Surveillance 39:41 https:​/​/​www​.sciquest​.org​.nz/​
search/​results​-2/​downloadfulltext/​79143.

Wapenaar, W., H. W. Barkema, R. M. O’Handley, and C. J. M. Bartels. 
2007. Use of an enzyme-linked immunosorbent assay in bulk milk 
to estimate the prevalence of Neospora caninum on dairy farms in 
Prince Edward Island, Canada. Can. Vet. J. 48:493.

White, H. 1980. A heteroskedasticity consistent covariance matrix esti-
mator and a direct test for heteroskedasticity. Econometrica 48:817. 
https:​/​/​doi​.org/​10​.2307/​1912934.

White, H. 1982. Maximum likelihood estimation of misspecified mod-
els. Econometrica 50:1. https:​/​/​doi​.org/​10​.2307/​1912526.

Wierup, M. 2012. Principles and strategies for the prevention and control 
of infectious diseases in livestock and wildlife. L. Norrgren and J. 
M. Levengood, ed. Baltic University Press, Uppsala, Sweden.

Wilson, D. J., K. Orsel, J. Waddington, M. Rajeev, A. R. Sweeny, T. Jo-
seph, M. E. Grigg, and S. A. Raverty. 2016. Neospora caninum is the 
leading cause of bovine fetal loss in British Columbia, Canada. Vet. 
Parasitol. 218:46–51. https:​/​/​doi​.org/​10​.1016/​j​.vetpar​.2016​.01​.006​.

Zocchetti, C., D. Consonni, and P. A. Bertazzi. 1997. Relationship 
between prevalence rate ratios and odds ratios in cross-sectional 
studies. Int. J. Epidemiol. 26:220–223. https:​/​/​doi​.org/​10​.1093/​ije/​
26​.1​.220​.

ORCIDS

Waseem Shaukat  https:​/​/​orcid​.org/​0000​-0002​-9117​-3438
Ellen de Jong  https:​/​/​orcid​.org/​0000​-0002​-4198​-7898
Kayley D. McCubbin  https:​/​/​orcid​.org/​0000​-0003​-4654​-2705
Marit M. Biesheuvel  https:​/​/​orcid​.org/​0000​-0001​-8157​-3043
Jeroen De Buck  https:​/​/​orcid​.org/​0000​-0002​-4824​-9580
David C. Hall  https:​/​/​orcid​.org/​0000​-0002​-6622​-1848
Kristen N. Kalbfleisch  https:​/​/​orcid​.org/​0009​-0005​-4482​-8461
John P. Kastelic  https:​/​/​orcid​.org/​0000​-0003​-4607​-3355
Karin Orsel  https:​/​/​orcid​.org/​0000​-0002​-6499​-5188
Herman W. Barkema  https:​/​/​orcid​.org/​0000​-0002​-9678​-8378

Shaukat et al.: PREVALENCE OF LEUKOSIS, SALMONELLOSIS AND NEOSPOROSIS

https://doi.org/10.1007/s00436-005-0044-4
https://doi.org/10.1016/S0167-5877(01)00276-8
https://www.sciquest.org.nz/search/results-2/downloadfulltext/60780
https://www.sciquest.org.nz/search/results-2/downloadfulltext/60780
https://www.sciquest.org.nz/search/results-2/downloadfulltext/79143
https://www.sciquest.org.nz/search/results-2/downloadfulltext/79143
https://doi.org/10.2307/1912934
https://doi.org/10.2307/1912526
https://doi.org/10.1016/j.vetpar.2016.01.006
https://doi.org/10.1093/ije/26.1.220
https://doi.org/10.1093/ije/26.1.220
https://orcid.org/0000-0002-9117-3438
https://orcid.org/0000-0002-4198-7898
https://orcid.org/0000-0003-4654-2705
https://orcid.org/0000-0001-8157-3043
https://orcid.org/0000-0002-4824-9580
https://orcid.org/0000-0002-6622-1848
https://orcid.org/0009-0005-4482-8461
https://orcid.org/0000-0003-4607-3355
https://orcid.org/0000-0002-6499-5188
https://orcid.org/0000-0002-9678-8378

	Herd-level prevalence of bovine leukemia virus, Salmonella Dublin and Neospora caninum in Alberta, Canada, dairy herds using ELISA on bulk tank milk samples
	INTRODUCTION
	MATERIALS AND METHODS
	Study Population
	Sample Collection
	Bovine Leukemia Virus ELISA
	Salmonella Dublin ELISA
	Neospora caninum ELISA
	Data Management
	Statistical Analyses

	RESULTS
	Bovine leukemia virus
	Salmonella Dublin

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


