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Summary Three German dairy goat herds infected with 
Mycobacterium avium subsp. paratuberculosis (MAP) were 
accompanied during the trial of paratuberculosis sanitation 
over three years. The development of the number of goats 
excreting MAP was documented. On all three farms, all goats 
older than 1.5 years were examined annually for MAP excretion 
by faecal culture, and all MAP-shedders should be culled. On 
farms 1 and 2, initially additional blood samples were analysed 
by ELISA and the reactors were also culled. Due to the 
paratuberculosis vaccination that had already been carried out 
on farm 3, this was omitted here. After the first herd testing, all 
goats from farms 1 and 2 and the offspring from farm 3 were 
vaccinated with Gudair®. In the following years, the offspring of 
all farms were vaccinated annually. All farms were advised to 
separate the kids from their mothers immediately after birth 
and raise them motherless.
At the initial examination of the herds, the within-herd fae-
cal culture prevalence (FCP) for MAP in the three farms was 
19.1%, 26.4% and 9.1%, respectively. On farms 1 and 2, the 
FCP decreased significantly to 2.0% and 8.9%, respectively. 
On farm 3, FCP was reduced to 6.7%, but the difference from 
baseline was not significant. 
The procurement of sufficient quantities of MAP-unsuspicious 
colostrum and milk for motherless rearing, but also the iden-
tification and culling of MAP-positive animals as well as the 
rapid separation of the kids from their mothers after birth and 
the strict segregation of the different age groups proved to 
be problematic. Consistency of the farm managers in imple-
menting the measures and good herd management seem to 
influence the success of sanitation. The observations in the 
three herds show, that the combination of the control meas-
ures test and cull, vaccination and motherless kid rearing can 
considerably reduce the prevalence of MAP shedding goats in 
a relatively short period of time, but complete sanitation could 
not be achieved.

Paratuberkulose-Sanierung durch eine 
Kombination von ‚Test and cull‘, Impfung und 
mutterloser Aufzucht – Beobachtungen in drei 
deutschen Milchziegenherden

Zusammenfassung Drei verschiedene deutsche Milchziegen-
herden, die mit Mycobacterium avium subsp. paratuberculosis
(MAP) infiziert waren, wurden bei dem Versuch der Paratuber-
kulose-Sanierung über drei Jahre begleitet. In allen Betrieben 
wurden jährlich alle Ziegen älter als 1,5 Jahre mittels kultureller 
Untersuchung von Kotproben auf die Ausscheidung von MAP 
untersucht und alle Ausscheider sollten gemerzt werden. In 
den Betrieben 1 und 2 wurden initial zusätzlich Blutproben 
serologisch mittels ELISA untersucht und die Reagenten 
ebenfalls gemerzt. Aufgrund bereits jahrelang durchgeführter 
Paratuberkulose-Impfung in Betrieb 3 entfiel dies hier. Nach 
der ersten Herdenuntersuchung wurden alle Ziegen von 
Betrieb 1 und Betrieb 2 sowie die Nachzucht von Betrieb 3 
mit Gudair® geimpft. Anschließend wurde in allen Betrieben 
jährlich jeweils die Nachzucht geimpft. Alle Betriebe sollten die 
Kitze unmittelbar nach der Geburt von den Müttern trennen 
und mutterlos aufziehen. 
Bei der initialen Untersuchung der Herden lag die Innerher-
denprävalenz der kulturellen Kotuntersuchung in den drei 
Betrieben bei 19,1, 26,4 bzw. 9,1 %. In Betrieb 1 und Betrieb 2 
sank die Innerherdenprävalenz signifikant auf 2,0 % bzw. 
auf 8,9 %. In Betrieb 3 konnte die MAP-Prävalenz auf 6,7 % 
reduziert werden, der Unterschied zur Ausgangssituation war 
allerdings nicht signifikant. 
Als problematisch erwiesen sich die Beschaffung ausrei-
chender Mengen an MAP-unverdächtigem Kolostrum und 
Milch für die mutterlose Aufzucht, aber auch die Identifizie-
rung und Keulung MAP-positiver Tiere, das zügige Trennen 
der Kitze von den Müttern sowie die Einhaltung einer strikten 
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Introduction

This case report describes the trials to reduce the preva-
lence of infections with Mycobacterium avium subsp. 
paratuberculosis (MAP) in three different German dairy 
goat herds.

Paratuberculosis or Johne’s disease (JD) occurs world-
wide in ruminants and is widespread in German dairy 
goat herds (Stau et al. 2012). The disease induces not 
only relevant losses in milk yield in the affected herds, 
but also represents a clinical and animal welfare prob-
lem. The chronic granulomatous intestinal disease is 
caused by Mycobacterium avium subsp. paratuberculosis. 
Goats have a lower natural resistance to MAP than 
sheep and cattle and are therefore more susceptible to 
infection (Stewart et al. 2007). It is estimated that up to 
71% of goat herds in Germany are infected with MAP 
(Stau et al. 2012). In that prevalence study, the goat herds 
were mainly kept for milk production, but goats from 
mixed herds with sheep for landscape preservation were 
also included (Stau et al. 2012). 

The pathogen is excreted by infected animals mainly 
in the faeces, but excretion via colostrum and milk have 
also been described (Windsor 2015). Infection occurs 
through oral ingestion mainly by faecal contaminated 
feed, pasture and drinking water (Sweeney 2011). In 
utero infection in a heavily infected goat is also reported 
(Alinovi et al. 2009). Young animals are particularly sus-
ceptible; later, a certain age resistance develops, so 
that higher infection doses are necessary for infec-
tion (Sweeney 1994, Clarke 1997, Fecteau et al. 2010, 
Sweeney 2011).

The incubation period lasts several months to years, 
depending on the dose of infection and the age of the 
animal. The clinical signs are progressive weight loss 
with initially undisturbed feed intake. Diarrhoea is not 
typical in goats (Djønne 2010). In the final stage, affected 
animals dehydrate, become anaemic and develop dys-
proteinaemia with hypalbuminaemia and possibly 
hypergammaglobulinaemia (Schroeder et al. 2001, 
Bonelli et al. 2017), followed by submandibular oedema 
and increasing weakness. Eventually, the disease is fatal. 
The more advanced the disease is, the more pathogens 
are excreted (Djønne 2010). 

In infected herds, economic losses occur due to higher 
susceptibility to diseases, poor feed conversion, reduced 
milk yield and fertility, and higher mortality rates (Kos-
toulas et al. 2006a, Sardaro et al. 2017).

Due to the non-specific clinical signs, further diag-
nostics are essential. The cultural examination of faeces 
is considered as gold standard. With a cross-species 
specificity of 0.97–1.0 (Nielsen and Toft 2008), reliable 
identification of shedders is possible. However, the cul-
ture is not very sensitive and therefore many shedders 
may remain undetected. Data on the sensitivity of faecal 
culture in cattle vary from 0.23 to 0.74 depending on the 
stage of infection (Nielsen and Toft 2008). The sensitiv-
ity of faecal culture in goats varies between 0.08, 0.27 
and 0.71 depending on the population studied and its 
age structure (Kostoulas et al. 2006b, Mercier et al. 2009, 
Hemati et al. 2022).

Besides faecal culture, serological blood testing by 
ELISA is frequently used, as these tests have a high 
throughput and are relatively inexpensive. The sensitiv-
ity of the different commercial ELISAs in goats varies 
between 0.015 (Mercier et al. 2009) and 1.0 (Molina 
Caballero et al. 1993), depending on the population 
examined and the ELISA used. Clinically ill animals 
are better detected than subclinical ones. The specific-
ity varies between 0.79 (Dimareli-Malli et al. 2004) and 
1.0 (Whittington et al. 2003b) in goats (Nielsen and Toft 
2008). To increase the overall sensitivity, different test pro-
cedures should be combined and tests repeated regularly.

According to Rerkyusuke and Ganter (2015) the sen-
sitivity and specificity of the ELISA used here (Cat-
tletype® MAP Ab [Indical Bioscience GmbH, Leipzig, 
Germany]) for goats is 84% and 100% respectively. For 
cattle, sensitivity and specifity of the same ELISA were 
53.6% and 99.3%, respectively (Koehler et al. 2008).

In the early incubation phase, in vivo diagnostics are 
unreasonable, as these goats are not yet shedding MAP. 
Furthermore, even in the subclinical stage of disease, 
diagnosis is still very uncertain (Rerkyusuke et al. 2019). 
No precise statement can be made after which period of 
time shedding takes place. In this study, the goats were 
only tested from the age of 18 months on.

To control JD, it is necessary to interrupt transmission 
routes and reduce the infection pressure.

According to Windsor (2015), the three main 
approaches to control paratuberculosis in small rumi-
nants are:
1. management measures to reduce transmission, 
2. test and cull to eliminate sources of infection, and 
3. vaccination of replacement animals to increase their 

resistance to infection.

Keywords Mycobacterium avium subspecies paratuberculosis, 
MAP, reduction, test and cull, vaccination, motherless rearing, 
Johne’s disease

räumlichen Trennung der verschiedenen Altersgruppen. Kon-
sequenz der Betriebsleiter bei der Umsetzung der Maßnah-
men und ein gutes Herdenmanagement scheinen den Erfolg 
der Bekämpfung entscheidend zu beeinflussen. Die Beobach-
tungen in den drei Herden zeigen, dass durch die Kombina-
tion der Bekämpfungsmaßnahmen ‚Test and Cull‘, Impfung 
und mutterloser Lämmeraufzucht die MAP-Prävalenz in relativ 
kurzer Zeit deutlich reduziert werden kann, eine vollständige 
Sanierung wurde allerdings nicht erreicht.

Schlüsselwörter Mycobacterium avium subspecies para-
tuberculosis, MAP, Reduktion, Reagentenmerzung, Impfung, 
mutterlose Aufzucht, Johne‘sche Krankheit
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Identifying and culling infected animals is an effective 
measure to reduce infection pressure, as MAP-excreting 
animals excrete up to 108 organisms per gramme faeces 
(Reddacliff et al. 2006). The higher the infection pres-
sure, the greater the risk that older animals will also 
become infected. The risk that infected animals remain 
undetected in the herd is present due to the limitation 
of the tests. However, as the testing procedures become 
more accurate for the progressive stages of the infection 
(Nielsen and Toft 2008), the animals with the highest 
potential for transmission are most likely to be detected 
(Robbe-Austerman 2011).

Test and cull or reagent eradication is a component 
of most international JD control programmes, but this 
alone is insufficient to control infection. Without fur-
ther measures to interrupt the infection cycle, infection 
transmission will continue (Geraghty et al. 2014, Strain 
2018).

Reduction of the exposure of young animals to fae-
ces of pathogen-excreting adults or MAP-contaminated 
feed is also the focus of many control programmes 
(Strain 2018). Separate motherless rearing of the particu-
larly susceptible young animals in a clean environment 
is therefore an option to interrupt the infection chain. 
Kids should be raised on MAP-free colostrum and milk 
(Djønne 2010, Windsor 2015).

Another possibility to reduce the infection pressure 
is vaccination. Currently, only the inactivated vaccine 
Gudair® (CZ Veterinaria [now CZ Vaccines], O Porriño 
[Pontevedra], Spain) is licensed in EU-member states. 
The vaccine contains the inactivated MAP strain 316F 
and mineral oil as adjuvant. A single vaccination is suf-
ficient. 

Vaccination induces both a cellular and humoral 
immune response and reduces shedding of MAP bac-
teria by 90% (Reddacliff et al. 2006). The onset of the 
disease is delayed and thus the incidence of clinical cases 
is decreased. Mortality from JD was reduced by 90% 
through vaccination. Nevertheless, there remains a risk 
that vaccinated animals will become ill and transmit the 
disease (Corpa et al. 2000, Reddacliff et al. 2006).

As vaccination only reduces MAP contamination but 
does not allow complete eradication, routine vaccination 

of the offspring is necessary to maintain control over the 
incidence of infection (Dhand et al. 2016).

Due to its good cost-benefit ratio, vaccination is an 
effective way to decrease contamination with MAP, to 
reduce clinical disease, and to maintain productivity in 
dairy goat herds. Vaccination can be used to keep the 
disease at a low level (Juste and Perez 2011).

The following case study focuses on three different 
German dairy goat herds that experienced JD as a herd 
problem and how they tried to control it. The implementa-
tion of the preventive measures test and cull, vaccination 
and motherless kid rearing as well as the reduction of the 
within-herd prevalence of MAP shedders as determined 
by faecal culture are described. Moreover, the successes 
achieved in a three-year period, but also the problems in 
implementing the aforementioned measures are discussed.

Case Description 

Farms
The three observed dairy goat farms are located in 
North-Rhine-Westphalia (Germany) and were accom-
panied between 2017 and 2020. They are no experimen-
tal herds, but normal farming operations.

The initial situation in the herds before measures 
against paratuberculosis were taken is shown in Table 1.

As evidence of MAP was available in all three farms, a 
plan of measures was drafted with the goal to reduce and 
if possible, eliminate MAP-infections. Three sanitation 
measures had to be implemented on all farms.

1. Test and cull
In order to reduce the number of MAP-infected and 
MAP-excreting goats, the animals had to be regularly 
examined and reactors had to be culled. For this purpose, 
on farms 1 and 2, blood and faecal samples were initially 
collected in 2017 from all goats older than 1.5 years. 
On farm  3, only faecal samples were collected, as due 
to prior vaccination with Gudair® (Table 1), serological 
examination was omitted. 

Serum monovettes (Sarstedt AG & Co. KG, Nuem-
brecht, Germany) were used for blood sampling from 

TABLE 1: Initial situation on the three farms before measures against paratuberculosis were taken
  Farm 1 Farm 2 Farm 3
Herd size a total of 229 adult goats plus 

offspring
a total of 340 adult goats plus 
offspring

a total of 298 adult goats plus 
offspring

Breeds Saanen and German Improved Fawn 
Goats

Saanen Goats German Improved Fawn Goats

Husbandry conventional farming
all goats kept indoors
deep litter stable with feeding table

organic farm
lactating goats in stable and on 
pasture
offspring kept indoors
deep litter stable with feeding table

organic farm
lactating goats in stable and on 
pasture
offspring kept in stable and a sepa-
rate outdoor area
deep litter stable with feeding table

Kid rearing colostrum supply from the dams
afterwards a proportion of the kids 
reared by the mothers, other propor-
tion reared motherless

colostrum supply from the dams
subsequent rearing motherless with 
milk replacer

colostrum supply from the dams
subsequent rearing motherless with 
cow‘s milk

Hints/evidence for 
paratuberculosis 

cultural detection of MAP at post 
mortem examination of a dead goat

clinical suspicion
random serological testing seropre-
valence estimated at 19%

total herd testing in 2013 by indi-
vidual faecal samples: detection of 
MAP excretion in 6% of the goats

Measures taken against 
paratuberculosis

none none Vaccination of the entire herd with 
Gudair® in 2010
vaccination of the offspring in each 
subsequent year
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the Vena cava cranialis or the jugular vein. After cen-
trifugation (2000g, 15 minutes, centrifuge Hermle Z326, 
HERMLE Labortechnik GmbH, Wehingen, Germany), 
the serum was analysed for MAP antibodies using Cat-
tletype® MAP Ab ELISA (Indical Bioscience GmbH, 
Leipzig, Germany) in accordance with the manufactur-
er’s instructions in the laboratory of the Clinic for Swine 
and Small Ruminants of the University of Veterinary 
Medicine Hannover, Foundation, Hannover, Germany 
(Clinic). In accordance with the manufacturer’s instruc-
tion, the cut-off for cattle, sheep and goats is at an S/P 
ratio (ratio of optical density of the sample to mean opti-
cal density of the positive control) of 0.4. To increase sen-
sitivity, the cut-off of the S/P ratio was reduced from 0.4 
to 0.25 (Rerkyusuke and Ganter 2014). A loss of specific-
ity was accepted here, as it is crucial for rapid sanitation 
that as few goats as possible with a false negative test 
result remain in the herd and are recognised early as 
potential MAP-shedders.

The faecal samples were taken rectally with dispos-
able gloves and examined for the presence of MAP 
at the Chemical and Veterinary Investigation Office 
Rhein-Ruhr-Wupper (CVUA-RRW, Krefeld, Germany) 
by means of cultural examination in accordance with 
the standard procedure of the German official col-
lection of methods of the Friedrich-Loeffler-Institut 
(Federal Research Institute for Animal Health) (Anony-
mous 2020). Incubation was carried out for up to nine 
months.

Since the results of the ELISA were available more 
quickly, all goats with a reactivity above the cut-off value 
of S/P>0.25 were culled. Animals that were negative 
in the ELISA, but subsequently found to excrete MAP 
in their faeces were also removed from the farm. On 
farm  3, the culling decision depended solely on faecal 
culture results. The bacterial growth was monitored 
regularly during the nine-month incubation, and as 
not all cultures grew at the same time, the results were 
available at different times, so that culling took place 
gradually.

Subsequently, annually until 2020, all goats from the 
age of 1.5 years upwards were tested for MAP excretion 
by individual faecal culture on all three farms and posi-

tive goats were culled. If an animal was pregnant when 
the positive result arrived, the animal was culled imme-
diately after kidding.

It was communicated with the farmers that the pur-
chase of new animals should be avoided if possible, 
new breeding bucks should be at least 1.5  years old 
and serologically tested for paratuberculosis immediately 
after arrival on the farm. If the animals had already been 
vaccinated, they were tested for MAP in faecal samples. 
Until a result was available, the bucks were kept in quar-
antine.

2. Vaccination
In order to reduce pathogen excretion in undetected 
infected goats, all goats on farms  1 and 2 were vacci-
nated subcutaneously on the lateral chest wall with 
1  mL of Gudair® after the initial examination. Since 
the herd on farm  3 had already been vaccinated since 
2010, only the offspring was vaccinated in this case. As 
the vaccine was not licensed in Germany, an exemption 
permit for the herds was granted by the state of North 
Rhine-Westphalia, Germany, in accordance with §  11 
para. 6 no. 2c of the German Animal Health Act. Accord-
ing to the manufacturer a singular injection of Gudair® 
is sufficient to induce protective cellular and humoral 
immunity against MAP. Therefore, in the following years, 
only the offspring aged 3–8 months was vaccinated on 
all three farms.

Since vaccination leads to seroconversion in non-
MAP-infected animals (Stau and Ganter 2012), further 
identification of infected animals by ELISA was no 
longer useful.

3. Motherless rearing
To interrupt the infection chain from excreting does to 
the susceptible young animals, the kids were reared 
motherless in a separate building on all three farms. 
It was planned to separate the kids from their dams 
immediately after birth and feed them with MAP nega-
tive cow colostrum. But due to the high work load and 
lack of employees, this plan was not always fulfilled to 
100%. Especially on farm  2 and to a latter extend on 
farm 3 immediate separation after lambing was carried 

TABLE 2: Results of the different testing methods for the three farms and number of goats removed from the farms 
for each testing year
  Farm 1 Farm 2 Farm 3 
Year 2017 2018 2019 2020 2017 2018 2019 2020 2017 2018 2019 2020
Goats tested (N) 229 366 402 453 340 383 365 340 298 247 203 212
Evaluable faecal samples(N) 209 362 402 446 318 350 309 213 297 246 203 209
Faecal culture positiv goats (N) 40 22 12 9 84 24 13 19 27 19 15 14
ELISA positive (N) (thereof also 
faecal culture positive)

35 (21) – – – 118 
(63)

– – – – – – – 

Apparent seroprevalence 15.3% – – – 32.7% – – – – – – –
Apparent prevalence on faecal 
culture basis (95% CI)

19.1%
[13.8–
24.4]

6.0%
[3.6–
8.4]

3.0%
[1.3–
4.7]

2.0%
[0.7–
3.3]

26.4%
[21.5–
31.3]

6.9%
[4.2–
9.6]

4.2%
[2.0–
6.4]

8.9%
[5.1–
12.7]

9.1%
[5.8–
12.4]

7.7%
[4.4–
11.0]

7.4%
[3.8–
11.0]

6.7%
[3.3–
10.1]

Combined prevalence from 
culture and ELISA

23.6% – – – 40.9% – – – – – – –

Number of goats removed 
from farm due to MAP (and 
proportion (of goats tested) [of 
goats removed])

52 
(22.7%) 
[60.5%]

22 
(6.0%)
[35.5%]

11 
(2.7%)
[15.1%]

no 
data

134 
(39.4%)
[77.9%]

18 
(4.7%)
[35.3%]

13 
(3.6%)
[16.5%]

no 
data

27 
(9.1%)
[30.3%]

19 
(7.7%)
[34.5%]

13 
(6.4%)
[28.3%]

no 
data

Number of goats removed from 
farm due to other reasons (and 
proportion (of goats tested) [of 
goats removed])

34 
(14.8%)
[39.5%]

40 
(10.9%)
[64.5%]

62 
(15.4%)
[84.9%]

no 
data

38 
(11.2%)
[22.1%]

33 
(8.6%)
[64.7%]

66 
(18.1%)
[83.5%]

no 
data

62 
(20.8%)
[69.7%]

36 
(14.6%)
[65.5%]

33 
(16.3%)
[71.7%]

no 
data
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out more or less consequently. The colostrum used, came 
from a dairy cattle herd that had been tested negative for 
JD over several years. Beginning with day two, the kids 
were fed with whole milk powder or milk replacer until 
weaning. This procedure was continued throughout the 
entire period. 

Separating goat kids from their dams took place on 
farms 1 and 3 for approx. 12 months and the young ani-
mals were only integrated into the herd of adult goats 
at the first kidding. On farm 2, the separation was only 
possible for approx. 6–8 months for operational reasons. 
Afterwards, the young goats were reared in an extra 
group next to the adult goats in the same barn.

Results 
Table 2 shows the detailed results of each testing in the 
three herds. The apparent MAP within-herd prevalence 
is described in relation to the number of evaluable sam-
ples. 

Farm 1 had an initial prevalence of 23.6% when ELISA 
and faecal culture were combined and farm 2 of 40.9%. 
The results of the two tests overlapped only in parts 
(Figure 1). For better comparability with farm 3, the focus 
was placed on the within-herd faecal culture prevalence 
(FCP). 

This was 19.1% (95%CI  =  [13.8–24.4%]) for farm  1, 
26.4% [21.5–31.3%] for farm  2 and 9.1% [5.8–12.4%] 
for farm 3 in the first testing. In the following years, the 
FCP on farm  1 decreased to 6% [3.6–8.4%] after one 
year, then to 3% [1.3–4.7%] and in the last year MAP 
excretion could only be detected in 2% [0.7–3.3%] of 
the goats. 

On farm 2, the FCP decreased to 6.9% [4.2–9.6%] 
after one year, then to 4.2% [2.0–6.4%] and increased 
again to 8.9% [5.1–12.7%] in the last year. On farm  3, 
the prevalence dropped over 7.8% [4.4–11.0%] and 7.4% 
[3.8–11.0%] to 6.7% [3.3–10.1%] (Figure 2).

A statistical analysis of the prevalence data was done 
by Pearson’s Chi-squared test. The difference between 
the FCP in the initial situation and at the end of the study 
was significant on farms 1 (p<0.001) and 2 (p<0.001) but 
not on farm 3 (p=0.3). 

In all herds not all samples from the tested goats were 
evaluable. Either an insufficient amount of faeces could 
be obtained or the cultivation was overgrown by other 
agents and thus not analysable. The FCP was calculated 
on the basis of the evaluable samples and not on the 
number of tested goats.

It proved difficult to identify and remove all the posi-
tive goats in time.  On farm 1, after the first sampling 
not all positive goats were removed from the farm 
which, however, only became apparent during the sam-
pling in the following year. The same happened after 
the third testing where one goat was not removed. On 
farm 2, five positive goats from the first examination 
were still in the herd at the time of the second testing, 
and at the third testing again, six positive goats from the 
previous sampling were still in the herd. On farm 3, at 
the time of the final testing, two goats that had already 
shown a positive result in the previous year were still 
in the herd.

The positive goats that were not removed were in all 
cases tested in the following year. Not in all cases did 
the culture give a positive test result again, but all these 
goats were still considered to be infected and were then 
culled. 

Herd 1 had continuously grown due to its own off-
spring. The implementation of motherless rearing was 
very consistent and the general farm hygiene was good 
(Table 3).

After 40% of the goats on farm 2 had been culled in 
2017, the farmer decided to purchase additional goats 
for operational reasons. In spring 2018, a total of 148 
approximately nine-month-old goats were purchased 

FIGURE 1: Distribution of the positive test results of the initial examination in 2017 divided according to the two 
different testing methods ELISA and faecal culture for each farm (proportions to animals tested in each farm)
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from a Dutch breeding farm, where they should have 
already been vaccinated with Gudair® as young kids. 
To ensure full vaccination coverage, these young goats 
were vaccinated a second time with Gudair® when they 
arrived at the farm. Even though these goats were not 
yet 1.5 years old at the time of the second herd testing 
(2018), they were still sampled to identify a possible 
MAP introduction at an early stage. Nonetheless, these 
animals all showed a negative faecal culture result at 
this testing. At the testing in 2019, one of the purchased 
goats and in 2020 four of the purchased animals were 
tested MAP positive.

Motherless rearing was often practiced only up until 
day two or three in the male kids. However, the male 
kids left the farm at around day 14 of life. The female 
kids were separated from their mothers within the first 
day of life. It was not always possible to avoid suckling of 
colostrum from the kids at their dam. 

In the later rearing period, a clear segregation within 
the individual barns could not always be guaranteed as 
some goats were roaming free. This resulted in contact 
between the young goats and the adult animals or their 
excreta.

On farm 3, the male kids also stayed with their moth-
ers for 1–3 days but were housed in a separate pen from 
the female kids in the rearing barn and usually left the 
farm at 14–28 days of age. Also on this farm, the female 
kids were not always separated from their mothers 
immediately after birth, but the separation usually took 
place within the first day of life. 

In 2018, during the testing of the cattle farm from 
which the colostrum and also the whole milk, with 
which the kids on this farm were reared, it turned out 
that five of the 21 cows were serologically MAP-pos-
itive. However, MAP excretion with the faeces could 
not be detected. In the following years, the colostrum 
for the kids was obtained from another cattle farm, 

which was regularly tested serologically MAP-negative 
and from which the other two farms also obtained 
their colostrum. Further rearing was done with milk 
replacer.

The differences in management and the problems 
occurring when implementing the measures are shown 
in Table 3.
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FIGURE 2: Development of the within-herd prevalence based on faecal culture of the three farms during the study 
period (including 95% Confidence Interval)

TABLE 3: Differences in management and problems in 
implementing the measures on the three farms
Farm 1 implementation of motherless rearing very consistent

kids immediately seperated from the mothers
separation of young goats from adults for one year
farm hygiene: clean fresh food, clean litter, kid pens not 
overcrowded, kid pens weekly mucked out, separate pen 
for sick goats
Extra staff only for the goats
two positive goats not removed in the first year, one goat 
not removed in the third year

Farm2 a total of 148 nine-month-old goats were purchased after 
the first year, motherless rearing in male kids often only at 
day two or three, female kids during first 24 hours
separation of the young goats from the adults for only six 
month
clear separation of the individual barns could not always be 
guaranteed -> contact between the young goats and the 
adult animals or their excreta
farm hygiene: kid pens overcrowded, damp bedding, 
not regularly mucked out, no overview on losses, young 
animals running around freely, faeces on feeding table, wai-
ting area in front of the milking parlour heavily soiled with 
faeces, no extra pen for sick animals
first year five positive goats not removed, second year 
another six goats not removed

Farm 3 male kids stayed with their dams for up to 3 days, female 
lambs not always separated from their mothers immedia-
tely, but within first day of life, feeding of the lambs in the 
first year with colostrum from seropositive cows
farm hygiene: clean litter, fresh food, irregularly mucked 
out, no extra pen for sick animals
understaffed
third year two positve goats not removed
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Discussion

The aim of this study was to find out which effects the 
measures test and cull, motherless rearing and vaccina-
tion with Gudair® have on the within-herd prevalence 
in the three naturally infected dairy goat herds in a 
three-year period.

Due to the poor comparability of the different test 
methods at the beginning, the case study focused on the 
faecal culture prevalences. Nevertheless, it was impor-
tant to perform the ELISA on the farms if possible, as 
more animals could be identified as positive and thus as 
a source of infection.

The FCP could be reduced on all farms, but complete 
sanitation was not achieved. A significant difference 
between the FCP before the introduction of the meas-
ures (first testing) and after the implementation of the 
measures over 3 years (last testing) existed for farm 1 and 
2, but not for farm 3. The higher the initial prevalence, 
the faster a significant reduction seems to be achieved. 
However, a further decrease took place gradually.

Faecal culture prevalence on farm  3 has increased 
before the study period from 6% in 2013 to 9,1% in 2017 
despite the fact, that the herd was vaccinated since 2010. 
The reasons for this can only be speculated. Prior to the 
study, the kids received colostrum directly from their 
dams and were then raised on whole milk from a cattle 
farm whose MAP status was unknown. This might be a 
possible source of infection. Due to the low sensitivity 
of faecal culture, it is also possible that some infected 
goats were simply not detected in the 2013 testing or 
were not shedding MAP at that time. Another reason 
might be, that the time of the examination plays a role. 
In this study, the goats were tested after the end of the 
lambing season. After this stressful time the excretion 
rate might be higher than at any other time of the year. 
Nevertheless, these points are only assumptions and not 
a well-founded explanation for an increase in prevalence 
despite vaccination.

In this investigation farm  1 showed the greatest 
reduction in FCP with 2.0% at the end of the study. 
This farm had good farm hygiene and was particu-
larly consistent with implementing motherless rearing. 
Except for three does, the positive-tested goats were 
culled immediately after the test results were received. 
However, it must be considered that the herd has grown 
due to its own offspring and therefore there are more 
younger goats in the herd. These have a lower probabil-
ity of excreting MAP. 

On farm 2, there was an increase in prevalence again 
from 2019 to 2020. On farm  3, FCP was only slightly 
reduced. 

Factors that may have led to a worse result in farms 2 
and 3 compared to farm 1 are:
• access to pasture, as due to the high tenacity of MAP, 

grazing is very likely to pose a risk for new infections 
(Whittington et al. 2003a, Fecteau et al. 2010)

• single MAP excretors remaining in the herd especially 
on farm 2

• kids staying up to 3 days with the dams
• on farm 2, numerous  free-roaming goats between the 

groups and on the feeding table
• on farm  3, feeding the kids with milk from sero-

logically MAP-positive cows during the first year of 
sanitation.

The compliance of the farm managers is an essential 
factor for successful sanitation. Inconsistency in mother-
less rearing and in immediate culling of MAP shedders 
led to a delay in the sanitation process on farm 2. Also 
on farm 2, a carry-over of MAP between the age groups 
cannot be ruled out, as a safe segregation of young goats 
and adult goats was not always guaranteed and contact 
occurred here due to goats escaping from their pen and 
even barn. In addition, a notably large number of cul-
tures on this farm could not be evaluated due to over-
growth with other agents. The reason for this remained 
unclear. Feed quality may have played a relevant role. 
As a result, a not inconsiderable proportion of MAP-
shedders may have remained undetected in the herd and 
led to a further delay in sanitation. As the prevalence was 
determined in relation to the evaluable faecal samples, 
there may be a falsification here, as the herd actually 
consisted of more animals.

General farm hygiene also plays an important role. 
Even though this factor was not specifically and objec-
tively investigated on the farms, some differences 
between the farms were obvious (Table 3). Farm 1 had 
the best hygiene, followed by farm 3. The worst hygiene 
was observed on farm 2. In retrospect, all aspects listed 
in Table 3 should have been collected in a more objective 
way. This should be practised in further studies and fea-
sible optimisation measures for dairy goat farms should 
be investigated. 

On all three farms, not all MAP-excreting goats were 
culled. This was mainly due to management problems. 
As the faecal culture results of submitted samples were 
sent back gradually over a three- to nine-month period, 
the entire herd had to be searched every time new 
results came in to find the individual goats with the 
respective ear tag numbers. None of the herds used a 
herd management software. Ear tag losses and poorly 
kept sales and death records on the respective farms 
complicated the search all the more. Goats that were 
pregnant when the result was send to the farms were 
not tagged clearly enough, so that it was forgotten that 
these does should have been culled after kidding. High 
milk yield after kidding of clinically healthy does may 
have supported a postponing behaviour. It was not until 
the next herd sampling that it became apparent that a 
positive result had already been received for these indi-
vidual animals. 

In all cases these goats were then culled in good time, 
so they did not reappear in the next sampling. As MAP 
could not always be detected again in the faeces during 
the following examination it was confirmed that MAP 
is not excreted continuously. This reflects the low test 
sensitivity and suggests that further undetected infected 
goats remained in the herds. 

Purchases represent another risk of delaying the sani-
tation process (Gavin et al. 2018). Breeding bucks were 
purchased on all three farms. Information on MAP 
occurrence in the farms of origin were not available. 
The bucks were tested by ELISA and by faecal culture 
for MAP immediately after arrival at the farm and kept 
in quarantine until the test results were available. Only 
after negative results, they were integrated into the herd. 
No MAP excretion could be detected in any of the pur-
chased bucks during the investigation, so that the bucks 
in the described cases apparently did not introduce MAP 
during the investigation period.
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On farm 2, there was an increased risk of MAP being 
reintroduced through purchases, as it was necessary to 
restock the herd for operational reasons after the high 
culling rate after the initial testing. By replacing with 
the own offspring, this would have taken too long for 
the farmer, so that 148 young goats were purchased. 
Finally, it cannot be ruled out whether the five purchased 
goats that became MAP-positive during the investiga-
tion period, had already been infected with MAP on the 
farm of origin or after purchase. 

As these goats had already been tested in 2018, 
although they had not yet reached 1.5 years, this may 
also have led to a falsification of MAP prevalence at that 
time, as MAP excretion is unlikely at this age. 

Since all the factors that may have led to the differ-
ent developments of prevalence were only described 
subjectively, based on the observations on the three 
investigated farms, no concrete statement can be made 
as to which factors are actually decisive. In retrospect, the 
replacement rate or the average age of the herds of all 
farms should also have been determined. Many younger 
goats, which are less likely to excrete MAP, can lead to a 
potential bias in the prevalence. 

So far, sheep and goats have not been considered in 
any Johne’s control programme in Germany. In view of 
the high susceptibility of goats to MAP (Stewart et al. 
2007), the high herd prevalence of JD (Stau et al. 2012), 
the growing market for goat milk production (Manek 
et al. 2017), the increasing number of larger goat farms 
in Germany (German Federal Statistical Office; Statis-
tisches Bundesamt 2021, 2014), the economic losses due 
to JD (Kostoulas et al. 2006a), and the possible zoonotic 
potential (Lisa et al. 2008), a control programme for JD 
in goats should be implemented in Germany. The high 
within-herd prevalences at the beginning of the study 
on farms 1 and 2 indicate that there is a rapid on-farm 
spread of MAP on goat farms if no control measures are 
implemented. 

Whittington et al. (2019) also recommend a holistic 
paratuberculosis control programme that should include 
all ruminant livestock populations.

If a control programme should be implemented, one of 
the limitations thereof might be the availability of MAP-
free colostrum for motherless rearing, as Goat colostrum 
is not commercially available in Germany. Colostrum 
replacement products are disproportionately expensive, 
do not lead to an adequate supply of immunoglobulin G 
and are therefore not an adequate alternative (Constant 
et al. 1994, Zadoks et al. 2001). If external colostrum from 
MAP-unsuspicious farms is used, problems can arise in 
kid rearing, as the colostrum is not adapted to the bacte-
rial spectrum of the farm. However, according to own 
experience, this risk is low (Ganter 2019). Alternatively, 
cattle colostrum could be used (Ganter 2019). As many 
cattle farms do not know their own paratuberculosis 
status and longstanding unsuspicious cattle farms are 
required for the supply of colostrum, the search for 
MAP-unsuspicious colostrum can prove difficult. Since 
the procurement, storage and portioning as well as the 
logistics could not be provided by the farmers on farms 1 
and 2, this was taken over by the authors and the Clinic. 
When the cattle farm where farm 3 purchased the colos-
trum from turned out to be a possible source of infec-
tion, the authors organised the purchase of colostrum 
for farm 3.

More recent studies claim that the risk of MAP trans-
mission via colostrum, milk and contaminated udders 
is low (Lievaart-Peterson et al. 2019, Pickrodt et al. 
2022). Nevertheless, MAP transmission via goat milk 
still cannot be ruled out. Nebbia et al. (2006) found 
intermittent excretion of MAP in the milk of unvacci-
nated sheep and goats, even in clinically unsuspicious 
animals.

It therefore remains difficult to ensure rearing with safe 
MAP negative colostrum, milk and even milk replacers 
(Grant et al. 2001, 2017). 

Many dairy goat farms in Germany are certified 
organic and grazing is mandatory. This risk factor must 
therefore be minimised through good pasture manage-
ment. Again, the risk of infection is highest for young 
animals, yet it has been shown in cattle that later infec-
tion through contaminated pastures is also possible 
(Fecteau et al. 2010). In the study by McGregor et al. 
(2012), colonisation of the intestine and lymph nodes 
with MAP could be demonstrated in sheep of all ages 
even with relatively low pasture contamination. How-
ever, the infection rate was also higher the younger the 
animals were or the higher the pasture contamination 
was. It can be assumed that the same applies to goats.

On the farms described, complete sanitation was not 
possible within the studied three-year period. Never-
theless, the disease could be reduced and the findings 
on farm  1 give a sense of confidence that sanitation 
will be possible in the longer term if the measures are 
further implemented. Although complete elimination of 
MAP may not be possible on all farms, clinical JD will 
be largely avoidable if herds are closed and motherless 
and segregated rearing combined with vaccination with 
Gudair® are maintained in the long term. This may also 
limit the financial losses due to JD.

Gavin et al. (2018) eliminated MAP successfully from a 
goat herd within six years by implementing an intensive 
testing regime, closed herd management and mother-
less kid rearing with special attention given to hygiene 
in kid rearing. Those findings should be interpreted 
with caution, however, as there were still ELISA posi-
tive animals in the herd at the end of that study, but the 
infection could not be confirmed with faecal culture and 
histopathology.

Especially the results on farm  1 show that a sig-
nificant reduction in shedding and thus control of the 
infection was already possible in a shorter period of 
time. Nevertheless, a renewed increase in the within-
herd prevalence is to be expected if measures are 
discontinued. Therefore, it is necessary to establish 
a sustainable system on MAP-positive goat farms to 
control MAP.

Based on the experience gained, the following prereq-
uisites for the success of the sanitation measures can be 
concluded and demanded:
• closed herds 
• the strict segregation of young animals from adult 

goats for as long as possible, 
• the personnel prerequisite to implement in particular 

the labour-intensive strict motherless rearing, 
• sufficient quantities of colostrum from regularly nega-

tive tested MAP-inconspicuous herds,
• immediate culling of MAP positive goats, and 
• perseverance of the farm managers and the will to 

eliminate MAP and not only to control it.
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On farm 1, these preconditions were given, whereas on 
farm 2 the structural preconditions for segregation were 
not optimal, and the farm manager was satisfied with a 
control of the infection occurrence, so that the compli-
ance in the implementation of the measures was sub-
optimal. On farm 3, the colostrum and cow milk being 
fed to the kids turned out to be problematic and the 
implementation of motherless rearing was not always 
consistent.

Conclusion

The observations on the three farms show that a reduc-
tion in initially high MAP prevalence can be achieved 
quickly through a combination of reagent culling, vacci-
nation and motherless rearing of kids, but that complete 
elimination is time-consuming and cost intensive. Based 
on the practical experience in these three goat herds, 
the following conditions can be recommended for farms 
wishing to implement a control programme: different 
barns to separate the kids in time and rear them sepa-
rately, procurement of MAP-free colostrum, sustainable 
individual tagging of goats, immediate culling after posi-
tive MAP diagnosis.

Nevertheless, further investigations on the on-farm 
spread of MAP in dairy goat herds are necessary. A risk 
factor analysis on different endemically MAP infected 
dairy goat herds could provide information which cir-
cumstances are associated with particularly high herd 
prevalence. The following points could be considered: 
grazing and pasture management, staffing ratio and level 
of training of the responsible persons, type of kid rearing, 
feeding of the kids, general hygiene measures (e.g. how 
often is mucked out or freshly bedded, are disinfect-
ants used, is equipment used for different age groups, 
are there separate pens for sick or kidding goats), herd 
composition (herd size, stocking density, age structure, 
breed, other animal species) and the intensity of veteri-
nary herd care.

The description of this field study gives an example 
how MAP reduction can be reached and which problems 
arise in implementation of control measures in the daily 
routine of dairy goat farms.
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