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Ludwigsburg, Germany) per litre, were inoculated 
with each sample. All HEYM media used for the 
study were prepared as single batch and underwent 
quality control including control for sterility and 
prove of MAP growth by inoculation of 10 media 
with 100 cfu/ml of MAP at 37 °C. The HEYM tubes 
were then incubated at 37 °C and checked for growth 
once a week. After 4 weeks of incubation, one of the 
4 tubes per sample was rinsed with 200 µl PBS and 
the fluid was used for the subsequent MAP detection 
by real‑time PCR. The QIAmp DNA Stool Mini Kit 
(QIAGEN N.V., Venlo, Netherlands) was used for the 
extraction of the DNA following the user’s manual. 
Subsequently, the MAP specific sequence element 
was amplified using the VetMAXTM MAP Real‑Time 
PCR Screening Kit (Fisher Scientific - Austria GmbH; 
Vienna, Austria), again following the manufacturer’s 
instructions using a C1000 Touch Thermal Cycler 
(Bio‑Rad Laboratories GmbH, Vienna, Austria) for the 
amplification. 

The 3 remaining tubes were incubated at 37 °C for 
another 8 weeks and checked for growth of MAP 
weekly. If growth of MAP occurred colonies were 
sampled by PCR as described above for confirmation 
and the culture rated as MAP‑positive. Culture 
tubes not showing any MAP colonies were rated as 
negative after 12 weeks of incubation. More samples 
were positive in the combination of culture and PCR 
than in the culture alone, which is in accordance 
with the study of Köchler and colleagues (Köchler 
et  al. 2017). Therefore, results of the described 
combination of culture and PCR are presented here 
and were used for statistical evaluation only.

Collection and testing of individual 
faecal samples
Individual faecal samples were taken directly from 
the rectum, using a new single use plastic glove for 
each animal. The faeces were put into a sterile plastic 
container, stored cooled, and sent to the Institute 
of Microbiology at the University for Veterinary 
Medicine in Vienna. For the detection of MAP, 
bacterial culture on HEYM and real‑time PCR were 
performed following the procedure previously used 
for boot swab samples.

Statistical analysis
Statistical analysis of the data was performed 
using the IBM SPSS Statistics v19 software (IBM 
Österreich Internationale Büromaschinen GesmbH, 
Vienna, Austria). A logistic regression to calculate 
the relation of the number and percentage of 
MAP‑positive cows to a negative or positive boot 
swab result in the 30 randomly selected farms was 
performed. The boot swab result (positive/negative) 
was used as dependent and the amount of animals 

wherein the boot swab samples were collected by 
the authors of this paper (Gschaider and Köchler). To 
avoid contamination, sample takers had to put on 
single use plastic overshoes first. Then, the actual 
boot swabs (Sodibox, Névez, France) made out of 
knitted jersey, were pulled over the bottom of the 
overshoes. In tie‑stalls with cows tethered in rows 
next to each other, sample takers were instructed 
to walk through the manure channel while, in free 
stall barns, samples were collected by walking along 
the alleyways, including the spaces around feeding 
or watering devices and the waiting area in front of 
the milking parlour (Eisenberg et al. 2013). To collect 
a sufficient amount of sampling material, the boot 
swabs had to be soaked with at least 50 g of manure. 
After collection, the boot swabs were put into sterile 
plastic twirl type bags, stored cooled and sent to 
the Institute of Microbiology at the University for 
Veterinary Medicine in Vienna for MAP‑detection. 

For the detection of MAP, the boot swab samples 
were transferred to Stomacher® bags (Seward Ltd., 
Worthing, UK) and then homogenized in a LB 400 
circulator (VWR International LLC, Vienna, Austria) for 
60 seconds after adding 50 ml of phosphate buffered 
saline (PBS). Following centrifugation at 3,000 x g for 
15 minutes, the supernatant was discharged and 3 g 
of the remaining manure were resuspended with 
30 ml of 0.75% hexadecylpyridinium chloride (HPC, 
Sigma Aldrich Handels GmbH, Vienna, Austria). 
Thereafter, samples were shaken for 60 minutes 
and left for 5 minutes for the sedimentation of the 
large particles afterwards. Following sedimentation, 
15 ml of the supernatant were filled into a sterile 
tube and incubated in the dark for 48 hours at 
room temperature. Subsequently, the samples were 
centrifuged again at 3,000 x g for 15 minutes, the 
supernatant was discharged and the pellets remixed 
with 1 ml of 0.75% HPC. Four tubes of Herrolds 
egg yolk medium (HEYM), prepared in house and 
containing 2 mg of Mycobactin J (IDEXX GmbH, 
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Figure 1. Study population and sampling scheme.




