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ABSTRACT

Mycobacterium avium ssp. paratuberculosis (MAP) 
causes Johne’s disease, a production-limiting disease 
in cattle. Detection of infected herds is often done 
using environmental samples (ES) of manure, which 
are collected in cattle pens and manure storage areas. 
Disadvantages of the method are that sample accuracy 
is affected by cattle housing and type of manure stor-
age area. Furthermore, some sampling locations (e.g., 
manure lagoons) are frequently not readily accessible. 
However, sampling socks (SO), as used for Salmonella 
spp. testing in chicken flocks, might be an easy to use 
and accurate alternative to ES. The objective of the 
study was to assess accuracy of SO for detection of 
MAP in dairy herds. At each of 102 participating herds, 
6 ES and 2 SO were collected. In total, 45 herds had 
only negative samples in both methods and 29 herds 
had ≥1 positive ES and ≥1 positive SO. Furthermore, 
27 herds with ≥1 positive ES had no positive SO, and 
1 herd with no positive ES had 1 positive SO. Bayes-
ian simulation with informative priors on sensitivity 
of ES and MAP herd prevalence provided a posterior 
sensitivity for SO of 43.5% (95% probability interval = 
33–58), and 78.5% (95% probability interval = 62–93) 
for ES. Although SO were easy to use, accuracy was 
lower than for ES. Therefore, with improvements in 
the sampling protocol (e.g., more SO per farm and 
more frequent herd visits), as well as improvements in 
the laboratory protocol, perhaps SO would be a useful 
alternative for ES.
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Short Communication

Mycobacterium avium ssp. paratuberculosis (MAP) 
causes Johne’s disease (JD), a production-limiting dis-

ease in cattle (Fecteau and Whitlock, 2010). That, as 
well as the potentially zoonotic nature of the pathogen, 
motivate control efforts (Barkema et al., 2010). Envi-
ronmental sampling (ES) of manure is frequently used 
for detection of MAP-infected herds. For that method, 
manure is collected from pens and manure storage 
areas and analyzed for MAP using culture or PCR 
(Wolf et al., 2014a). However, accuracy depends on the 
situation on the farm, because samples from manure 
lagoons are more accurate than samples from manure 
piles, and samples from alleys are more accurate than 
samples from bedding packs (Wolf et al., 2015a). Fur-
thermore, sample collection from manure storage areas 
can be difficult because they are not always readily 
accessible. Sock samples (SO), as used for detection of 
Salmonella spp. in poultry (Skov et al., 1999), might 
be an accurate and more convenient alternative to 
conventional environmental samples; in tests in a few 
high-prevalence herds, SO detected MAP (Eisenberg 
et al., 2013). Because samples are collected with every 
step of the sampler, SO might be more accurate than 
the standard ES. The objective of the current study 
was to assess accuracy of SO for detection of MAP in 
dairy herds.

Participating herds were part of the Alberta Johne’s 
Disease Initiative (AJDI), a MAP-control program 
with 62% of the 594 Alberta dairy farmers participating 
(Wolf et al., 2014b). For the present study, veterinarians 
of the 4 veterinary clinics with the highest number of 
participants in the AJDI were asked to recruit all AJDI 
herds where visits were scheduled between June and 
October 2013. Additionally, farms visited by University 
of Calgary personnel for a study on MAP shedding in 
calves (Wolf et al., 2015b), as well as farms that par-
ticipated in a MAP survey study (Ritter et al., 2014), 
were also included. Sample collectors were trained for 
ES collection during a half-day workshop and were in-
structed for SO collection with a one-page instruction 
sheet. To facilitate laboratory procedures, herds were 
only visited between Monday and Wednesday; 6 ES 
were collected following a standardized protocol (Wolf 
et al., 2014a). In short, samples were collected from 
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(1) lactating cow pens, (2) manure storage areas, and 
(3) dry, sick, or calving pens. Although 2 samples were 
collected at each location, locations were replaced if 
they were not accessible or did not qualify (<2 cows in 
a pen). Each sample contained at least 4 subsamples 
that were mixed in a plastic bag. Additionally, 2 SO 
were collected on each participating farm. The SO were 
assembled using single-use cover boots and a commer-
cially available dust swipe (~12 × 12 cm) taped on the 
bottom of the boot. Sample collectors walked once up 
and down the lactating cow alley, wearing the cover 
boots on top of their normal footwear. After sample 
collection, dust swipes were removed from the cover 
boot and stored in plastic bags.

All samples were sent (express mail) to the Univer-
sity of Calgary within 24 h after collection. Upon ar-
rival, they were stored at 4°C and processed within 8 d 
after sample collection. Samples were processed using 
a TREK ESP culture protocol (Mortier et al., 2014). 
The only difference between the ES and SO protocol 
was the first step of the decontamination protocol, pro-
ducing a 5% manure in water solution. For ES, 2 g of 
sample material was added to water, whereas for SO 
the difference between the weight of an unused SO and 
the weight of the used SO was determined and water 
was added proportionally. Thereafter, ES and SO went 
through 3 d of decontamination and 42 d of bacterial 
culture, all ES and SO culture products were analyzed 
using conventional IS900 PCR (Vary et al., 1990). The 
PCR result was used as a definition of whether a sample 
was positive or negative for MAP.

For a farm-level test comparison, a farm was defined 
as ES-positive if at least 1 of 6 ES was MAP-positive, or 
as SO-positive if at least 1 of 2 SO were MAP-positive. 
Sensitivity of SO to detect a MAP-positive farm was 
determined using a 2-dependent test and 1-population 
Bayesian analysis model in WinBugs (Branscum et al., 
2005; Lunn et al., 2000; Appendix). Informative pri-
ors were used for herd prevalence of MAP in Alberta 
(Mode: 68%, 80% certain >56%) and sensitivity of 6 
ES (Mode: 68%, 90%, certain that <82%) in accor-
dance with a previous study (Wolf et al., 2014a). It 
was assumed that both test methods had 1 out of 1,000 
false-positive farms.

For sensitivity analysis, independence between tests 
was assumed (model 2), uninformative priors were used 
in separate models (models 3 and 4), and a 2-population 
approach was used (model 5), dividing herds into those 
where the farmer had previously observed cows with 
signs of clinical JD (high-risk population) and farms 
without observation of cows with signs consistent with 
clinical JD (low-risk population). Additionally, these 
populations were analyzed in 2 separate 1-population 
models (models 6 and 7).

A total of 102 herds participated in the study, with a 
mean herd size of 145 cows (SD = 80; minimum = 34; 
maximum = 474). Of those, 45 herds (44%) only had 
negative samples in both methods, whereas 29 herds 
(28%) tested positive in both sampling strategies, con-
firming that SO can be used to detect MAP-infected 
herds. A total of 27 (27%) ES-positive herds were not 
detected with SO, whereas 1 SO-positive herd (1%) had 
no positive ES (Figure 1).

Posterior sensitivity for SO was 44% [95% probabil-
ity interval (PI) = 33–58%], whereas it was 79% (95% 
PI = 62–93%) for ES. An obvious reason for the SO 
to have lower sensitivity than the ES is that a sample 
set consisted of 6 ES, but only 2 SO were included per 
farm. More samples per farm would likely increase sen-
sitivity (Dohoo et al., 2003). In the present study, only 
2 SO were collected per farm, as this number of samples 
would make this method more practical and cost-effec-
tive. Furthermore, we tried to avoid major increases 
in workloads for AJDI veterinarians by asking them 
to collect only limited numbers of additional samples; 
however, accuracy of SO protocols with >2 samples 
should be evaluated in a future study. An alternative 
sampling strategy for replacing ES completely would 
be to use SO for lactating cow pens, but to still use ES 
to additionally sample manure storage areas and dry/
sick and calving pens. However, this alternative could 
still result in lower accuracy, because 2 SO detected 
a smaller number of infected herds (27 herds) than 2 
lactating cow pen ES (40 herds; Table 1). This was 
surprising, because it was assumed that false-negative 
ES were mainly caused by ES not containing manure 
of MAP-shedding cows. Therefore, an increase in the 
number of subsamples per sample through usage of SO 
was expected to increase sensitivity. In that regard, 
individual SO should have been more accurate than 
individual ES, because subsamples were theoretically 
collected with every step. However, a likely reason for 
the low accuracy was that the absorbent material on 
the SO was saturated after the first steps in the pen 
because dairy cow manure is very liquid. A possible 
solution would have been to use a thicker material 
(e.g., a sponge) that would have absorbed and released 
manure with every step, collecting material throughout 
the entire alley. An explanation for lower accuracy was 
that collected manure may not have readily dispersed 
in water during laboratory processing, resulting in less 
manure included during bacterial culture of SO than 
ES. However, that could be overcome with more intense 
mechanical treatment of the absorbent material. An-
other concern using SO might be that the socks would 
not collect enough manure for MAP culture. However, 
the net amount of collected manure in SO always ex-
ceeded 2 g, which is the amount used for culturing ES.
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