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The Thuringian bovine
paratuberculosis control programme -
results and experiences

Das Thiiringer Programm zur Bekdmpfung der Paratuber-
kulose in Rinderherden — Ergebnisse und Erfahrungen

Karsten Donat

This study aimed at evaluating the results achieved in voluntary paratuberculosis
control in cattle herds in Thuringia, a federal state of Germany, between 2008 and
2014. A total of 76 dairy herds and 29 beef cow-calf herds were involved in the
analysis. Cumulative incidence (Cl) was used to monitor the control progress; new
cases were detected by means of annual testing of the herd's cows by individual
faecal culture for Mycobacterium avium subsp. paratuberculosis (MAP). Herds with
at least one positive test result were classified as MAP-positive, while herds with-
out any detection of MAP during three consecutive years were certified as MAP-
non suspect. Compared to the MAP-positive ones, herds tested negative at the
beginning of the program had a higher chance of achieving this certification by
2014. 13 out of 67 initially MAP-positive herds (19.4%) were certified according to
the control programme. In a subset of 25 MAP-positive dairy herds that had been
involved since 2008, Cl decreased significantly from 14.0 to 5.6% in 2014. Regard-
ing the initial situation in 2008, control progress was significantly higher in herds
with Cl > 5% compared to herds with Cl < 5% as shown by two-way ANOVA. The
results support the hypothesis that control of paratuberculosis is feasible at herd
level. A herd monitoring based on faecal culture tests and a certification period
of three years seem to be adequate to justify the status MAP non-suspect. Once
herds achieve a low level of Cl, control efforts should be intensified.

Keywords: Mycobacterium avium subsp. paratuberculosis, herd certification status,
MAP-non suspect, faecal culture, cumulative incidence

Zielstellung der vorliegenden Arbeit war es, die Ergebnisse des freiwilligen
Programms zur Bekdmpfung der Paratuberkulose in Thiringer Rinderherden im
Zeitraum 2008 bis 2014 auszuwerten. In die Analyse waren 76 Milchviehherden
und 29 Mutterkuhherden einbezogen. Der Sanierungsfortschritt wurde anhand
der neu auftretenden Falle (kumulative Inzidenz, Cl) beurteilt, die im Rahmen

der jahrlichen Untersuchungen der Kiihe des Bestandes auf der Basis kulturel-

ler Untersuchungen individueller Kotproben festzustellen waren. Herden mit
Nachweis von Mycobacterium avium subsp. paratuberculosis (MAP) in einer Probe
galten als MAP-positiv. Herden, in denen drei Jahre in Folge keine neuen Félle
festgestellt werden konnten, erhielten die Anerkennung als Paratuberkulose-
unverdachtiger Rinderbestand. Im Vergleich zu MAP-positiven Herden hatten Her-
den mit MAP-negativer Ausgangssituation eine gréf3ere Chance bis 2014 diese
Anerkennung zu erreichen. 13 von 67 MAP-positiven Bestanden (19,4 %) wurden
entsprechend des Kontrollprogramms als Paratuberkulose-unverdachtig aner-
kannt. In einer Untergruppe von 25 MAP-positiven und seit 2008 teilnehmenden
Milchviehherden wurde ein signifikanter Riickgang der Cl von 2008 (14,5 %) bis
2014 (5,6 %) nachgewiesen. In Bezug auf die Ausgangssituation war der Bekdmp-
fungsfortschritt in Herden mit Cl > 5 % grol3er als in Herden mit Cl < 5 %. Die
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erhoht werden.

Ergebnisse unterstltzen die Hypothese, dass eine Tilgung der Paratuberkulose auf
Bestandsebene maoglich ist. Die Herdenuntersuchung mittels Kotkultur und die
dreijahrige Anerkennungsperiode scheinen fur die Anerkennung eines Bestandes
als Paratuberkulose-unverddchtig angemessen und ausreichend zu sein. Sobald
eine niedrige Cl erreicht ist, sollte die Intensitat der Bekdmpfungsmalinahmen

Schliisselworter: Mycobacterium avium subsp. paratuberculosis, Bestandsstatus,
Paratuberkulose-unverddchtig, Kotkultur, kumulative Inzidenz

Introduction

Paratuberculosis, a granulomatous enteritis of ruminants,
occurs worldwide, is an O.L.E.-listed terrestrial animal
disease (O.LE., 2015), and is caused by Mycobacterium
avium ssp. paratuberculosis (MAP). Animals infected with
MAP may suffer from intermittent diarrhoea, excessive
weight loss, protein deficiency and oedema after an
incubation period of several years, and finally die (Tiwari
et al., 2006). Therapy is not available for affected animals.
Relevant economic losses already occur in the subclinical
stage of the disease as a result of decreases in milk yield
(Donat et al., 2014a) and fertility (Marcé et al., 2009).
Currently, aims and strategies of monitoring and control
of the disease are the subject of some controversy. In
Sweden, Japan and Austria paratuberculosis is a notifi-
able disease subject to official control measures. Culling
with compensation is applied to MAP-positive animals
with clinical symptoms in Austria, and in Sweden to
the whole herd if MAP is detected (Baumgartner und
Khol, 2008). Participation is high in nationwide voluntary
control programmes in Denmark (Kudahl et al., 2008
and the Netherlands. The Dutch dairy industry bans
milk delivery from dairy herds that are not involved in
the programme (Weber and Lam, 2012). A nationwide
voluntary control programme supported by the dairy
industry and the farmers’ association exists in Belgium
(Mintiens, 2014). The efforts of the dairy industry to
take action with regard to paratuberculosis result from
the need to maintain and improve the market position
of dairy products. Here the assumption is taken into
account that the pathogen of paratuberculosis, Mycobac-
terium avium subsp. paratuberculosis, could be involved
in the aetiology of granulomatous enteritis in humans
(Feller et al., 2007). In other countries such as France
(Fourichon und Guatteo, 2014) and Canada (Kelton
et al., 2014), paratuberculosis control is organized on
a regional level and depends on public funding. The
approaches differ in terms of diagnostic tools, culling
scheme, availability of vaccines and the recommenda-
tions to improve hygiene and management within a
herd. Despite all this, a broad consensus regarding the
main pillars of a paratuberculosis control strategy has
existed for many years: Biosecurity and trade control to
prevent introduction into a herd, appropriate hygiene
and management to prevent new within-herd infections,
diagnosis and culling of MAP shedders to reduce the
infective pressure, and reduction of the host’s suscepti-
bility by vaccination or genetic selection (Sweeney et al.,
2012; Bastida and Juste, 2011).

In Germany, paratuberculosis is notifiable if the infec-
tious agent is detected; 484 cases in cattle and 16 cases
in sheep and goats were reported in 2014 (Kohler and
Mébius, 2014). A nationwide prevalence study using

a standardized diagnostic approach has yet to be car-
ried out in Germany. Regional studies were reviewed
by Campe el al. (2014), reporting a faecal culture-based
MAP shedder prevalence of 5 to 14% and an apparent
sero-prevalence of 4 to 45%. Apparent herd-level preva-
lence was between 11 and 54% in faecal culture-based
studies and 2-42% when specific ELISA tests were
applied. At the moment, regional voluntary control pro-
grammes are effective in North Rhine-Westphalia, Thur-
ingia, Saxony and Brandenburg (Gierke and Kohler,
2009), and under preparation in Mecklenburg-Western
Pomerania. The programme in Lower Saxony was aban-
doned in 2012 due to funding cuts and a continued lack
of success in tackling the disease. Recently, the Federal
Ministry of Food and Agriculture published nationwide
recommendations on hygiene for keeping ruminants,
replacing the paratuberculosis guidelines published in
2005 (BMEL, 2014).

The Thuringian control programme has been effective
since 2003 and was updated in 2008 (TMSFG, 2008)
and 2015 (TMASGFF, 2015). The most recent update
accounts for current knowledge about how to control
paratuberculosis as well as the federal recommendations
(see Material and Methods).

This study aimed at analysing the control success
during the second control period in Thuringia, i. e. from
2008 to 2014, and at drawing conclusions for further
control measures.

Material and Methods

Thuringian control programme

The “Programme to control paratuberculosis in

Thuringian cattle herds”, published on 26 March 2008

(TMSFG, 2008), comprised the following principles:

— identification and culling of MAP shedders to reduce
infective pressure,

— prevention of new infections by improving hygiene,

— consideration of paratuberculosis status of the herd of
origin when introducing new animals into the herd,

— certification of herds as“MAP-non suspect” and con-
trol of status at regular intervals.

The programme recommended an annual testing of all
animals older than 24 months in each herd, so approxi-
mately all cows and breeding bulls, by faecal culture to
ensure the detection of a high proportion of MAP shed-
ders in the subclinical stage of the disease. Samples were
taken either at one occasion from all cows of the herd or in
a continuous manner where the testing schedule is often
linked to other herd management measures like e. g.
pregnancy checking. This ensures sampling of all cows
that are likely to stay in the herd for another lactation.
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FIGURE 1: Number of enrolled herds (N) and herd size
(number of cattle older than 24 months as reported in the respec-
tive year) of the dairy herds (hatched boxes) and beef cow-calf
herds (open boxes) participating in the Thuringian Paratuber-
culosis Control Programme during 2008 and 2014 (bar: median
value; boxes: 50% of values, whiskers: 95% of values).

Animals that tested positive were not retested in the fol-
lowing year. Farmers were advised to cull them as soon
as possible. MAP shedders showing clinical signs of
paratuberculosis had to be culled immediately. Provided
that MAP shedders displayed no clinical symptoms,
farms with a high within-herd prevalence were advised
not to inseminate their positive cows and to cull them at
the end of lactation.

Specialized veterinarians from the Animal Health Ser-
vice recorded hygiene and management of the herd
using a purpose-made questionnaire that serves as a
data record and the basis of discussing the herd-specific
control measures. Farmers were consulted in order to
establish measures for adoption in daily work.

The most recent update of the control programme
implemented the recommendations of the German
Federal Ministry of Food and Agriculture that
established different levels of control according to the
diagnostic method used:

— Level 1: environmental sampling,
— Level 2: antibody detection,
— Level 3: detection of the organism.

Improvement of farm management and hygiene as well
as immediate testing of cattle showing clinical symptoms
of paratuberculosis and prompt culling of MAP shed-
ders are recommended for each level. In addition, the
Thuringian control programme introduced level 4 for a
low prevalence herd (< 3%) that binds farmers to remove
MAP shedders from the herd within one month after
detection. Furthermore, the programme update enforces

the implementation of management and hygienic meas-
ures like trade control, calving hygiene, management of
colostrum for first feeding and not saleable milk and staff
hygiene in calf and youngstock area within three months
after enrolment.

Herds enter the”certification phase’”if no MAP shed-
der has been identified for twelve months and can be
certified as “MAP-non suspect” if no MAP shedders
were identified in the annual testing during three con-
secutive years. These herds were then retested biannu-
ally (“maintenance of status”).

Due to the limited diagnostic sensitivity of animal-
level tests (Collins et al., 2006; Kohler et al., 2008a, Donat
et al., 2014b), farmers were advised to focus on the para-
tuberculosis status of the herd of origin when purchasing
animals. The Thuringian Animal Health Service certified
a herd as“MAP-non suspect” if no MAP shedders were
identified in the annual testing during three consecutive
years. These herds were then retested biannually.

Study population

105 farms were enrolled in the programme at the end of
the period under review (31 December 2014). Their distri-
bution regarding year and farm type is given in Figure 1.
The size of each herd was drawn from the annual report
to the Animal Diseases Fund on the reference date, Jan-
uary 3 of each year. As calves and young stock were not
included in the testing, the focus was on cattle older than
24 months. Only herds in which 50% or more of cattle
older than 24 months were tested annually were consid-
ered for further analysis. In 2014, these herds accounted
for 33 614 cattle older than 24 months. This involves
nearly 20% of the cattle population in Thuringia.

Herds were classified as MAP-negative if no MAP
shedders were detected in a herd in 2008. A herd was
considered MAP-positive if at least one MAP shedder
was detected within the herd and remained MAP-
positive until it successfully passed the three-year cer-
tification procedure. Due to the triannual certification
period, MAP-positive herds without shedders were
overrepresented among them. To analyse the progress of
control in dairy herds, a subset of 25 MAP-positive herds
was selected as follows:

— dairy herds,
— enrolment in 2008 or earlier,
—never reached certification level during 2008-2014 (i. e.

CI > 0in each year).

Only two beef cow-calf herds met these criteria. This
analysis was therefore omitted for this herd type.

Collection of faecal samples and MAP testing of faecal
cultures

For every cow to be tested, a faecal sample was taken
rectally with an unused examination glove and wiped off
into a sterile plastic container, supplied by the laboratory
and equipped with a bar code, which was then sealed
and sent to the examination laboratory within 24 to 48 h
by a courier.

The individual faecal cultures were tested on a
Herrold’s Egg Yolk Medium (HEYM), according to the
culture method published in the official Friedrich-
Loeffler-Institut (FLI, 2010) collection of methods, as
of April 2010, modified for the annual herd tests as
follows:
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TABLE 1: Initial status and state of control achieved by 2014 in
the dairy and beef cow-calf herds participating in the Thuringian

a) All samples were frozen immediately after arrival at
the laboratory and stored at —20°C until testing. After

initially extracting 3 g of faeces per sample, the sam-

Paratuberculosis Control Programme

ples were frozen again and stored as retained samples  Control program phase Dairy herd | Beef cow-calf Total
until the completion of testing. achieved in 2014" herd
b) Due to the high number of samples in the herd test MAP- [ MAP- | MAP- [ MAP- | MAP- | MAP-
(about 30 000 samples per year) the inoculum was post | nega- | posi- | nega- ) posi- | nega-
. e tive? | tive? | tive | tive | tive | tive
applied to a HEYM tube after decontamination. As
X Control phase (level 1-3) 24 0 5 0 29 0
soon as rampant growth of undesired accompany-
. Control phase (level 4) 17 1 5 0 22 1
ing flora was detected, another culture was prepared -
. . . . Certification phase 4 3 2 4 6 7
immediately from the retained sample (repetition
sample) Certified as MAP-non 9 18 1 12 10 30
) . . . suspected
¢) A longer decontamination period of 48 h was applied === = > 3 16 & %

for repetition samples or samples from herds that had
shown overgrowth in samples in the past.

From the fifth week of incubation at 37°C, the macro-
scopic evaluation of the bacteria growth was performed
every two weeks. Suspicious colonies were differenti-
ated via Ziehl-Neelsen-staining, subculture (testing the
mycobactin-dependent growth) and/or an IS900-PCR
(Englund et al, 1999). The results were registered in
terms of quality with a SQL database (Fa. Agro Data
EDV Service GmbH & Co. KG, Cottbus, GER). Bar code
labels were attached to all sample tubes, expendable
materials and the culture tubes in order to ensure the
correct assignment of the marked animals to the respec-
tive samples and results.

Cumulative incidence

The cumulative incidence (CI) based on the following
calculations comprises all animals from which samples
were sent to the laboratory in the respective year and in
which MAP was identified. As determined in the control
programme, animals that had been tested positive in the
previous year would not be tested and examined again.
Therefore, samples from programme farms came from
animals that had tested negatively before or animals that
were being examined for the first time. The CI for the
respective year represents the quotient from the number
of new cases per year and the number of animals sam-
pled in the reference year. In rare cases MAP shedders
known from previous years were sampled again (alto-
gether ~60 out of ~1200 shedders per year) accounting
for a minor overestimation of CI.

Statistical evaluation

The collection and preparation of the data extracted
with the lab software of the Thuringian Animal Diseases
Fund (Agro Data EDV Service GmbH & Co. KG, Cott-
bus, GER) as well as the presentation of figures were
performed using the spreadsheet software Microsoft
Excel (Microsoft Corporation, Redmond, Washington,
US). The statistics software SPSS 11.5 for Windows
(SPSS Inc., lllinois, Chicago, US) was used for all other
calculations. The level of significance was determined to
be p < 0.05.

The frequency distributions of the farms after achiev-
ing the level of control in 2014 and the respective herd
status regarding paratuberculosis were tested with refer-
ence to the initial status of the herd (MAP-positive or
MAP-negative) with Fisher’s exact test. The stratified
evaluation per farm type (dairy farm or beef cow-calf)
was conducted following Mantel and Haenszel, and the
homogeneity of the odds ratio of the individual strata
was tested with the Breslow-Day test.

" According to the "Recommendations of the Federal Ministry of Food and
Agriculture on hygiene for keeping ruminants” (BMEL, 2014)

2 Herds with MAP-positive animals in the first faecal culture based herd testing
after enrolment in the control program

' Herds without MAP-positive animals in the first faecal culture based herd testing after
enrolment in the control program

A single factor ANOVA (SPSS package ANOVA with
repeated measures data) was applied to analyse the CI
between 2008 and 2014 in the 25 selected dairy herds.
Since there was no normal distribution of the CI of the
herds in the individual years, the values were converted
into their decadic logarithm. Normal distribution was
examined with one-sample Kolmogorov-Smirnov tests.
Because in the Maulchy test sphericity was violated by
the principal factor, a Greenhouse-Geisser correction of
the degrees of freedom was applied. In order to compare
herds with either a good (CI < 0.05) or a bad (CI > 0.05)
initial situation, similarly to the procedure described
a two-way ANOVA with Bonferroni post hoc test was
applied.

Results

From 2008 to 2014 the mean herd size (mean + standard
deviation) of the dairy herds (479 + 327 vs. 466 + 336)
and the beef cow-calf herds (97 + 82 vs. 87 + 94) did not
change.

Ten herds (14.9%) of 67 MAP-positive herds in the
first year were certified as “MAP-non suspect” and six
herds (7.5%) had entered the certification phase at the
end of 2014. In these herds, zero to ten shedders had
been detected before. 37 of the 38 herds in which MAP
had not been detected (MAP-negative) by 2008 or in
the year they entered the programme, have now been
certified as MAP-non suspect. In three of these herds,
evidence of MAP was detected in the meantime, but
all of these infections originated from newly purchased
animals. Within the observation period, two herds were
able to achieve certification or to re-enter the certifica-
tion phase again. Taken together herds in the certifica-
tion phase and the herds certified as MAP-non suspect,
53 (50.4%) of 105 farms included in the programme
have reached the point where no infectious agent
was found in samples from the farms’ cows anymore
(Tab. 1).

For both farm types it was shown that significantly
more herds that had been tested MAP-negative in 2008
achieved the herd status“MAP-non suspect” until 2014
than those that had been tested MAP-positive in 2008
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TABLE 2: Development of the cumulative incidence of the dairy
herds (n = 25) included in the ANOVA model

Herds Year of Mean Standard- Confidence interval
control [%] error of 95% [%]
[%] Lower Upper
boundary | boundary
1 14,50%" 3.58 7.11 21.88
2 10.70%c¢ 2.74 5.03 16.36
' 3 9.27% 1.94 5.28 13.27
A ab
(n = 25) 4 9.55 2.01 5.40 13.70
5 8.373b¢ 1.96 4.32 12.42
6 6.41¢ 1.25 3.84 8.99
7 5.57¢ 1.26 2.98 8.17
1 22.14 3.99 13.88 30.40
2 15.51 3.25 8.79 22.24
3 13.41 2.16 8.94 17.87
cr> 5% 4 13.69 2.27 8.99 18.40
(n=15) : : : :
5 11.96 2.30 7.20 16.72
6 8.81 1.44 5.82 11.79
7 7.69 1.50 4.58 10.80
1 3.03 4.89 13.14
2 3.47 3.98 11.71
3 3.07 2.64 8.54
Cl<5% 4 3.33 2.79 Not 9.09
(n=10) : : specified :
5 2.99 2.82 8.82
6 2.82 1.77 6.48
7 2.39 1.84 6.20

" Different letters mark statistically different means; values that are indexed with the same letter

are not statistically different

TABLE 3: Results of the two-way ANOVA of the
cumulative incidence of MAP shedders in 25 Thuringian
dairy herds regarding year (with repeated measures data)
and initial situation with Greenhouse-Geisser correction
of the degrees of freedom

Degrees of F value P value
freedom
Year 3.6 5.98 < 0.0001
Initial situation 1 21.87 < 0.0001
Year * initial situation 3.6 1.80 0.142

(p < 0.0001). The stratified analysis per farm type of the
MAP status in 2014 compared to the initial status in 2008
showed this significant correlation in the same way. The
joint odds ratio was 32.9 (confidence interval of 95%:
9.8-110.1).

A significant influence of the duration of control meas-
ures in years (p < 0.0001) was shown among the dairy
herds that were included in the ANOVA model (n = 25).
The CI mean value (+ standard error, SE) of these 25
herds in 2008 (14.50% = 3.58), when compared with
that of 2014 (5.57% =+ 1.26), is significantly different
(p = 0.004). The mean values (+ SE) for all years, including
the confidence intervals of 95%, are displayed in Table 2.

Comparing herds with either a good (CI < 0.05) or a
bad (CI > 0.05) initial situation, the individual factors
“year” and “initial situation” have a significant influence
in the overall model, although the interaction between
the two does not (Tab. 3). In herds with a bad initial situ-
ation, the CI mean value of 22.14% =+ 1.26 is reduced to
7.69% + 1.50 in 2014. Due to the small sample size and
high variance, this difference is insignificant. In herds with
a good initial situation, the mean value hardly changes:

from 3.03% =+ 4.89 to 2.39 + 1.84. Due to the high variance
in herds with a good initial situation, these have negative
lower limits of the confidence intervals at 95% (Tab. 2).

Discussion

This study shows that cumulative incidence can be
decreased by the measures which are prescribed by the
Thuringian paratuberculosis control programme. This
resulted in the certification of ten previously MAP-pos-
itive cattle herds within a six years’ period. Furthermore,
another six herds reached the certification level. If herds
that were MAP-negative in 2008 are taken into account
as well, it was possible to transfer more than half (50.4%)
of the herds involved in the process to a status where no
MAP shedder was found during the last herd screening.
This verifies that it is possible to reduce prevalence under
the detection limit and keep this status for at least three
years. The standard applied in Thuringia, so the proof
of the absence of MAP shedders over a period of three
consecutive years, fulfils the same requirements as the
uniform standard for the voluntary bovine Johne’s dis-
ease control programmes in the US (USAD, 2010) and
the regulations in Australia (Jubb and Galvin, 2004). The
fact that no further spread of the infection via non-reg-
istered shedders was detected in the Thuringian herds
beyond the date of certification is further proof of the
sustainable character of the certification status assigned
in Thuringia. The fact that new MAP shedders were
detected in two of the herds was attributable to uncon-
trolled or rather uncritical acquisitions of new animals
or transfers of animals to other herds at the same farm.
This small proportion of herds with reinfections shows
that the relatively strict certification procedure carried
out in Thuringia since 2008 guarantees a high level of
security, and that an uncontrolled further development
of the infection within the herd or the transmission
from one herd to another by undiscovered shedders is
avoided to the greatest possible extent. This observation
from current control practice corresponds with certain
models showing that most herds initially rated as”MAP-
negative”become certified as MAP-free if highly specific
tests are performed, and that they are also able to keep
that status (Ezanno et al., 2005).

Those MAP-positive herds that were certified as MAP-
non suspect until 2014 all were herds with a low initial
prevalence. The possible lowering of prevalence to zero
as demonstrated in this control practice in Thuringia can
also be shown in appropriate epidemiological models
for herds with an initial prevalence of 5%, provided the
hygiene and management measures established in the
herd are suitable to effectively break the chain of infec-
tion between the MAP shedder and the receiving animal
(Kudahl et al., 2008). The successful minimization of
MAP-shedders in herds with low prevalence shows that
early detection of MAP infections in cattle herds is of
great importance: The lower the prevalence at the time
of detection, the faster the control of the infection at herd
level. A significant reduction of detected MAP shed-
ders from 14.5% to 5.6% was observed in the remain-
ing MAP-positive herds over the six-year period. This
development is in line with the results of other studies.
In a six-year study of six dairy herds in Minnesota, US, it
was possible to reduce the average apparent within-herd
prevalence determined by faecal culture from 10.4% to
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5.6% (Ferrouillet et al., 2009) and from 17.0% to 9.5% in
young cows from nine dairy herds in Wisconsin (Collins
et al., 2010). In a study from North Rhine-Westphalia,
Germany, apparent prevalence on farms involved in the
control programme was reduced from over 3% to under
1% (vom Schloss, 2000; Luyven et al, 2002). When
it comes to prevalence-based data, it is important to
keep in mind that these might be subject to distortion
because culling, as part of the control measures, directly
affects prevalence. To a much lesser degree, this applies
to analyses based on the number of new cases, as is the
case with this study. Therefore, reduction of CI reflects
to a higher degree the effectiveness of control measures
over time than changes in prevalence.

The reduction of the amount of MAP shedders within
the herd or within the population, be it by lowering the
rate of new infections or targeted culling of the affected
animals, is a pivotal element of the control progress,
because it leads to less environmental contamination
of susceptible animals in the cattle barn with infec-
tious agents and it lowers the risk of undetected MAP-
infected animals transmitting the disease from one herd
to another (Ezanno et al., 2005).

The development of the CI within herds with high
initial prevalence in our study was significantly differ-
ent to that in herds with a low share of infected animals
in 2008. While the herds with a high initial prevalence
showed a drastic CI reduction from an average of 22.2%
to 7.7%, those with a low initial CI stagnated around
3%. There are no findings so far regarding the reasons
for this difference, but some assumptions can be made.
It is possible that the control measures that had been
established before 2008 limited the transmission of the
infectious agent to a certain extent resulting in a low
percentage of new cases, which had a calming effect
on the prevalence within the herd and on the farmer’s
motivation to consistently apply the control measures.
Our own research showed that milk yield depression,
one of the main problematic effects in herds with high
prevalence, is almost imperceptible in herds with a
within-herd prevalence of less than 5% (Donat et al.,
2014a). Apart from this it can be assumed that clinical
cases either considerably drop in numbers or do not
even appear anymore. One possible explanation is that,
when the number of shedders is small, the risk of infec-
tion decreases, and along with it the severity of lesions
of the intestinal mucosa (Mortier et al., 2013), meaning
the intestinal infection disseminates at a lower speed.
If regular tests are carried out then, MAP shedders are
detected at an earlier subclinical stage and do not reach
the clinical stage by the time they are culled. The moti-
vation to continue to uphold consistent hygiene and
culling practices disappears along with this, and the
quality of control stagnates. A cohort study of Saxon and
Thuringian programme farms showed that hygiene, e. g.
the effective cleaning and disinfection of the calving pen
after use by MAP shedders (Donat et al., 2016), as well
as the mean holding time of MAP shedders after receiv-
ing the laboratory report had an influence on reducing
the Cl in the herds (Donat et al., 2014c). These findings,
however, are contrary to the results of the simulation
models by Kudahl et al. (2008) and Weber et al. (2008),
who considered rapid culling to be of no additional
advantage, but correspond with the findings of Eisen-
berg et al. (2013, 2015). It could be concluded that the
focus of consultations in the next step of the Thuringian

paratuberculosis control programme will have to be on
herds with a low CI. More inspections regarding the
implementation of hygiene measures will have to take
place and the mean holding time of shedders per herd
will have to be monitored so that the supervising Ani-
mal Health Service can intervene in the case of devia-
tions from the prescribed measures. In addition to these
measures, a culling subsidy for every single shedder that
leaves the herd within one month after receiving the
laboratory report (in the case of pregnant cows: within
one month from calving) will be paid to all farms which
commit in writing to the aim of eradicating the infectious
agent from the herd and which achieve a CI of less than
3%. A modelling study on the persistence of the para-
tuberculosis infection in a herd showed that, contrary
to spontaneous fadeout, persistence of paratuberculosis
infection within a herd is closely linked to the presence
of animals with clinical symptoms in the herd. Therefore,
the early detection and removal of affected animals is a
critical factor to avoid the persistence of paratuberculosis
in dairy herds (Marcé et al., 2011).

A large proportion of German dairy farmers remain
hesitant or even reluctant to adopt paratuberculosis
control measures. This reluctance is often justified with
the argument that existing tests fall short of offering a
reliable basis for consistent control and that the available
tests still do not offer the necessary sensitivity and speci-
ficity. The data presented in this study clearly show that
it is possible to take control of the disease even with the
existing tests. A control programme that is based only
on the improvement of hygiene standards may result in
comparably good prevalence reductions, as seen in the
simulation by Kudahl et al. (2008), but only under the
assumption of an optimum interruption of the infection
chain. However, practical experience of paratuberculosis
control in Thuringia has shown that perfect hygiene
management is hard to keep up in the long run. There-
fore, reducing the infective pressure in the cattle barn
environment by detection and removal of MAP shedders
before they reach the clinical stage (Marcé et al., 2011) is
of great importance for successful control.

Multi-stage control programmes exist both in the US
(USDA, 2010) and the Netherlands (Franken, 2005);
they have been recommended for Canada (McKenna
et al., 2006) and Austria (Khol und Baumgartner, 2012).
The recommendations issued by the Federal Ministry of
Food and Agriculture in 2014 as well as the Thuringian
control programme, which is based on these recommen-
dations and has been effective since 1 July 2015, provide
for a control period that is divided into various steps.
The first step of this programme is the establishment of
appropriate hygienic measures in connection with herd
monitoring via environmental faecal samples. This is a
way to begin control measures in MAP-positive herds
and a cost-saving means of maintaining active moni-
toring efforts. However, the fact that human resources
are becoming increasingly scarce in the dairy industry,
it doesn’t seem particularly promising or even practical
to focus only on perfect hygiene. In order to effectively
reduce the number of new cases and to eventually eradi-
cate the infectious agent, individual diagnostics will be
indispensable. The best results in terms of sensitivity and
specificity of the testing procedure so far are guaranteed
by direct identification in individual faecal samples via
faecal culture testing or molecular biological methods
(Kohler et al., 2008b).
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Conclusion

The results described herein show that a reduction of
prevalence is feasible at herd level. Therefore, the control
phase of the Thuringian programme now includes a level
four of the control phase aimed at eradicating infection
from the herd.

As soon as the control measures in a herd have led
to a certain success, in this case 3% new cases per year,
the accompanying measures of consulting and hygienic
control have to be intensified.
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