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Informationen fur die landwirtschaftliche Praxis
OG: ParaVac

Projekt: Verfahren zur Senkung der Paratuberkulose-Neuinfektionsrate in
Milchziegenbetrieben durch Impfung

Ausgangslage und Zielsetzung

Intensiv wirtschaftende Milchziegenbetriebe sind héaufig stark von Paratuberkulose, einer
chronischen Darminfektion, betroffen. Die OG schloss sich zusammen um zu untersuchen, ob
durch die Impfung in Kombination mit Hygiene- und Managementmaflnahmen eine Senkung
der Paratuberkulose-Pravalenz moglich ist und ob es dadurch zu einer verminderten
Erregerausscheidung in die Milch/Kolostrum kommt. Auf dieser Basis sollten Empfehlungen
fur die Paratuberkulose-Bekdmpfung in Milchziegenbetrieben erarbeitet werden.

Projektdurchfiihrung

Nach einer Gesamtbestandsimpfung im Jahr 2018 wurden im Projektverlauf jahrlich alle
weiblichen Lammer, die zur Bestands-Remontierung vorgesehen waren, mit einer Inaktivat-
Vakzine gegen Paratuberkulose geimpft.

Durch halbjahrliche kulturelle Untersuchung (insgesamt 6) von Kotproben aller Ziegen alter als
6 Monate wurde der Anteil der Ziegen ermittelt, die den Erreger der Paratuberkulose
ausscheiden.

Um Ansteckungsquellen fir Lammer zu identifizieren, wurden das Vorkommen und die Menge
des Paratuberkulose-Erregers auf der Euterhaut und im Kolostrum von Mutterziegen
unmittelbar nach der Ablammung, sowie in Proben aus der Stallumgebung (Einstreu, Staub,
Wasser, Futter) untersucht.

Zusatzlich wurde in einem Stallgefahrtenvergleich zwischen infizierten und unverdachtigen
Ziegen der Einfluss der Paratuberkulose auf Stoffwechsel- und Milchleistungsparameter
untersucht.

Ergebnisse und Erfahrungen

Die Pravalenz Erreger-ausscheidender Ziegen sank von 30,0 % im Jahr 2018 auf 3,5 % im
Herbst 2022. Dazu trugen sowohl die Impfung als auch die Entfernung bekannter Ausscheider
bei.

Der Paratuberkulose-Erreger war nicht im Kolostrum geimpfter Mutterziegen nachweisbar, bei
wenigen Tieren wurde jedoch eine geringe Kontamination der Euterhaut festgestellt. Da kein
Vergleich mit ungeimpften Ziegen moglich war konnte nicht abgeklart werden, ob es infolge
der Impfung zu einer Verminderung der Belastung gekommen ist.

Vermehrungsfahige Paratuberkulose-Erreger waren in der Einstreu und im Staub aus der
Stallumgebung nachweisbar. Bereiche mit hohem Tierverkehr waren besonders haufig positiv.
Der Erregernachweis in Ablammbuchten machte deutlich, dass in diesen Bereichen eine
Ansteckung der Nachzucht leicht mdglich ist. Genetisches Material des Paratuberkulose-
Erregers wurde in Einstreu, Staub, Futter und Wasserproben nachgewiesen. Das zeigt, dass
der Erreger luftgetragen im gesamten Bestand verteilt werden kann.

In weiterfihrenden Untersuchungen sollte geklart werden, ob auf der Basis von
Umgebungsproben ein Verfahren entwickelt werden kann, mit dem der Paratuberkulose-
Status eines Bestandes auf einfache und kostenguiinstige Weise zu ermitteln ist.

Bei dem Stallgefahrtenvergleich klinisch-chemischer Parameter zur Bewertung der
Stoffwechselsituation zwischen unverdachtigen und infizierten Ziegen wurde festgestellt, dass
es bereits bei infizierten Tieren, die noch keine Symptome einer Infektion zeigen, zu einer



Verminderung des Gesamtproteins und des Albumingehaltes im Blutserum kommt. Diese
Abweichungen sind bei starken Ausscheidern besonders ausgepragt und gekoppelt mit einer
deutlich verminderten Milchmenge pro Tag.

Empfehlungen fur die Praxis

Aus den Ergebnissen leiten sich folgende Handlungsempfehlungen fur Ziegenhalter ab:

>

>

Umgebungsuntersuchungen sind geeignet fur die Bestimmung des Paratuberkulose-
Status einer Herde

Die Lammeraufzucht sollte mutterlos in einem separaten Bereich (rdumlich/baulich
getrennt von den adulten Tieren) erfolgen. Die Trennung von Mutter und Lamm ist
schnellstmdglich nach der Geburt vorzunehmen.

Lammer von bekannt positiven Tieren sollten nicht fir die Eigenremontierung genutzt
werden.

Kolostrum oder Milch von bekannten Paratuberkulose-positiven Tieren sollten nicht
vertrankt werden, ebenso wenig wie Mischkolostrum.

Bekannt positive Tiere sollten getrennt aufgestallt und baldmdéglichst aus der Herde
entfernt werden.

Bei schlechter Milchleistung sollten diese Tiere sofort entfernt werden — eine starke
Erregerausscheidung ist wahrscheinlich.

Die Impfung tragt zur Reduzierung der Ausscheidung des Paratuberkulose-Erregers bei
und sollte in Paratuberkulose-infizierten Ziegenbestédnden implementiert werden. Nach
einer einmaligen Impfung aller adulten Ziegen sollte die jahrliche Nachzucht méglichst
frihzeitig geimpft werden.

Diese Empfehlungen fur die Bekampfung der Paratuberkulose bei Milchziegen werden in Form
eines Leitfadens auf der Homepage des FLI, Nationales Referenzlabor (NRL) fir
Paratuberkulose zur Verfiigung gestellt und werden direkt in die Beratungstétigkeit des
Thiringer Schaf- und Ziegengesundheitsdienstes einflieRen.
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A Kurzdarstellung
| Kurze Zusammenfassung des Projektes (Deutsch)

Paratuberkulose, eine chronische Darminfektion hervorgerufen durch Mycobacterium avium
subsp. paratuberculosis (MAP), stellt fir Milchziegenbestdnde auch in Thiringen ein
zunehmendes gesundheitliches Problem dar und gefahrdet die wirtschaftliche
Wettbewerbsfahigkeit der betroffenen Betriebe. In stark durchseuchten Bestanden ist eine
schnelle Entfernung aller Test-positiven Tiere ohne zum Teil existenzbedrohende
wirtschaftliche Folgen nicht moglich. Eine vertretbare Alternative kdnnte die Impfung der Tiere
in Kombination mit geeigneten Managementmalnahmen darstellen. In dieser Operationellen
Gruppe kooperierten ein Thuringer Milchziegenbetrieb, der nach Bioland-Kriterien arbeitet, die
Thiringer Tierseuchenkasse mit ihrem Schaf- und Ziegengesundheitsdienst und das
Friedrich-Loeffler-Institut, Nationales Referenzlabor fur Paratuberkulose, um zu untersuchen,
ob durch die Impfung in Kombination mit Hygiene- und Managementmalnahmen eine
Senkung der Paratuberkulose-Préavalenz mdglich ist und ob dadurch die Erregerausscheidung
in die Milch/Kolostrum sowie der Infektionsdruck in der Stallumgebung beeinflusst wird.
Darlber hinaus sollten die Auswirkungen der Infektion auf den Stoffwechsel und die
Milchleistung der Tiere analysiert werden. Auf dieser Basis sollten Empfehlungen fiur die
Paratuberkulose-Bekampfung in Milchziegenbetrieben unter Einbeziehung der Impfung
erarbeitet werden.

Nach einer Gesamtbestandsimpfung im Jahr 2018 wurden im Projektverlauf jahrlich alle
weiblichen LAmmer, die zur Bestandsremontierung vorgesehen waren, mit einer inaktivierten
Vakzine gegen MAP geimpft. Die Entwicklung des Anteils der Ziegen, die MAP ausschieden,
wurde Uber einen Zeitraum von drei Jahren durch 6 halbjahrliche kulturelle Untersuchungen
von Kotproben aller Ziegen alter als 6 Monate ermittelt. Um Ansteckungsquellen fir die
Lammer zu identifizieren, wurden a) das Vorkommen und die Menge an MAP auf der Euterhaut
und im Kolostrum von Mutterziegen unmittelbar nach der Ablammung untersucht und b) durch
wiederholte Testung von Proben aus der Stallumgebung (Einstreu, Staub, Wasser, Futter) die
Bereiche im Stall lokalisiert, von denen ein besonders hohes Risiko einer Exposition mit MAP
ausgeht. Uber den Zeitraum eines Produktionsjahrs erfolgte ein Stallgefahrtenvergleich
zwischen MAP-positiven und altersgleichen MAP-unverdachtigen Ziegen, der die Auswertung
der Ergebnisse der monatlichen Milchleistungsprifung sowie eine Vvierteljhrliche
Untersuchung von Stoffwechselparametern in Blutproben der einbezogenen Tiere beinhaltete.
Die Pravalenz Erreger-ausscheidender Ziegen sank von 30,0% im Jahr 2018 vor
Implementierung der Impfstrategie auf 3,5 % im Herbst 2022. Jedoch kam es trotz Impfung im
Lammalter weiterhin zu MAP-Infektionen in der Herde. Der Paratuberkulose-Erreger war nicht
im Kolostrum von Mutterziegen aus dem Bestand nachweisbar und nur bei wenigen Ziegen
wurde MAP auf der Euterhaut nachgewiesen. Vermehrungsfahige Paratuberkulose-Erreger
waren in der Einstreu und selten im Staub aus der Stallumgebung nachweisbar. Bereiche mit
hohem Tierverkehr, wie das Melkkarussell, waren besonders haufig positiv. Der
Erregernachweis in Ablammbuchten machte deutlich, dass in diesen Bereichen eine
Ansteckung der Nachzucht leicht mdglich ist. Bei dem Stallgefahrtenvergleich zwischen
unverdachtigen und infizierten laktierenden Ziegen wurde festgestellt, dass es bereits bei
infizierten Tieren, die noch keine Symptome einer Infektion zeigen, zu einer Verminderung des
Gesamtproteingehaltes und des Albumingehaltes im Blutserum kam. Diese Abweichungen
waren bei starken Ausscheidern besonders ausgepragt und gekoppelt mit einer deutlich
verminderten Milchmenge pro Tag.

Zusammenfassend erwies sich die Impfung gegen Paratuberkulose als sinnvoller Aspekt im
Rahmen eines Sanierungskonzeptes, der aber als alleinige Malinahme nicht zur Eradikation
der Erkrankung fuhren wird. Um das Expositionsrisiko fir Jungtiere gezielt minimieren zu
kénnen ist die ldentifizierung der Stallbereiche mit einer besonders hohen MAP-Belastung
sinnvoll.



Summary (English)

Herd health of dairy goats in Thuringia is increasingly affected by paratuberculosis, a chronic
intestinal infection caused by Mycobacterium avium subsp. paratuberculosis (MAP),
endangering the economic competitiveness of the farms. In heavily affected farms, the rapid
removal of all test-positive animals is not possible without existence-threatening economic
consequences. Vaccination could be a reasonable alternative in combination with suitable
management measures. A Thuringian dairy goat farm working according to Bioland criteria
collaborated in this operational group with the Sheep and Goat Health Service of the
Thuringian Animal Diseases Fund and the National Reference Laboratory for Paratuberculosis
at the Friedrich-Loeffler-Institut to investigate if reduction of paratuberculosis prevalence is
possible by vaccination in combination with hygienic and management measures, and whether
this influences shedding of MAP via milk or colostrum as well as environmental contamination
in the barn. In addition, it was planned to analyse the effects of the infection on the metabolism
and milk yield of the animals. On this basis, recommendations for paratuberculosis control in
dairy goat farms were to be developed, including vaccination.

After a whole-herd vaccination in 2018, the annual female replacement kids were vaccinated
with an inactivated vaccine against MAP. The development of the proportion of MAP shedders
was observed over a three-years period by six bi-annual whole-herd faecal culture
examinations of all goats older than six months. To identify sources of infection for the kids, a)
presence and amount of MAP on the udder skin and within colostrum of does was examined
immediately after kidding and, b) areas in the barn that pose a particularly high risk of exposure
to MAP were localized by repeated testing of samples from the barn environment (bedding,
dust, water, feed). Over the period of one production year, a herd mate comparison was made
between MAP-positive and age-matched MAP-non-suspect goats, which included the
evaluation of the results of the monthly milk performance test and a quarterly examination of
metabolic parameters in blood samples of the animals.

Prevalence of MAP shedding goats decreased from 30.0 % in the year 2018 before
implementation of the vaccination strategy to 3.5 % in autumn 2022. However, despite
vaccination of kids, MAP infections still occurred in the herd. MAP was not detectable in
colostrum and was only present on the udder skin of a few does. Viable MAP was isolated
from bedding and rarely in dust from the barn environment. High animal traffic areas, such as
the milking parlour, were more likely to yield positive culture results. Cultivation of MAP from
kidding pens indicated this area as a possible infection site. Herd mate comparison between
non-suspect and infected lactating goats revealed reduced total protein and albumin
concentrations in serum even in goats that did not show signs of infection. These deviations
were most pronounced in heavy shedders and accompanied by a markedly reduced daily milk
yield.

In summary, vaccination against paratuberculosis is a meaningful tool within the framework of
a herd control program, but as a sole measure it will not lead to eradication of the disease. In
order to be able to specifically minimise the exposure risk for young animals, it makes sense
to identify the stable areas with a particularly high MAP load.



Mitglieder der OG

Landwirtschaftsbetrieb Hof Rosebach (BUR)

Produktion von Ziegenmilch, Erzeugnissen aus Ziegenmilch und Direktvermarktung;
Bereitstellung der Tiere und dazugehdriger Daten zur Auswertung sowie von
Umgebungsproben, Umsetzung von Managementmalnahmen (Impfung), personelle
Hilfestellung bei der Probenahme

Thuringer Tierseuchenkasse, Schaf- und Ziegengesundheitsdienst (ThirTSK,
Forschungspartner, Beratung)

Mitarbeit bei der Probenahme, Stoffwechselanalysen, Beratungstatigkeit im
Projektverlauf, Mitarbeit bei der Datenauswertung und bei der Erstellung
wissenschaftlicher Publikationen, Mitarbeit bei der Erarbeitung von
Handlungsempfehlungen

Friedrich-Loeffler-Institut, Institut fir molekulare Pathogenese (FLI,
Forschungspartner, Projektkoordination)

Probenahme von Einzeltier und Umgebungsproben, bakteriologische und
molekularbiologische Laboruntersuchung der Proben, Datenauswertung, Erstellung
wissenschaftlicher Publikationen, Federfihrung bei der Erarbeitung von
Handlungsempfehlungen, Vortragstatigkeit, Projektkoordination

Die Probenahmen erfolgten im Landwirtschaftsbetrieb Hof Rosebach in Ifta,
Wartburgkreis, Thiringen. Die Analysen der Proben erfolgten im TGD-Labor in Jena,
Thiringen und im NRL fur Paratuberkulose am Institut fir molekulare Pathogenese
des FLI in Jena, Thiringen.

Il Verwendung der Zuwendungen

Tab. 1: Budget, Kostenplan

Plan IST
Ausgaben (gem. Bescheid davon nicht Zuschuss Zuschuss (80 %)
vom 10.12.2021) Ahgetechiee zuwendungsfahig Saldo Bemessungsbetrag

Reisetatigkeit 7.608,00 7.608,00 7,60 7.600,40 7.600,40 6.080,32
Personal 175.772,00 175.772,00 136,00 175.636,00 175.636,00 140.508,80
Wissenschaftliche

Untersuchungen/Tests 66.120,00 68.197,22 0,00 68.197,22 66.120,00 52.896,00
Sachkosten/ -ausgaben 1.770,00 1.770,00 0,00 1.770,00 1.770,00 1.416,00
Gemeinkosten (15 %) 26.365,80 26.365,80 20,40 26.345,40 26.345,40 21.076,32
Offentlichkeitsarbeit 3.500,00 3.500,00 0,00 3.500,00 3.500,00 2.800,00
Summe 281.135,80 283.213,02 164,00 283.049,02 280.971,80 224.777,44




Tab. 2: Ablauf des Vorhabens, Zeitplan mit Arbeitspaketen und Meilensteinen

Erarbeitung von Empfehlungen zur
Paratuberkulosebek&ampfung in
Milchziegenbetrieben

Arbeits- Zeitraum Inhalt Meilenstein
paket (AP)
1 04/2020 — 03/2021 Methodenetablierung MAP- 03/2021:
Nachweis in Kolostrum Nachweisverfahren von MAP in Kolostrum etabliert, Nachweisgrenze ermittelt
2 02/2018 (& 10/2018) Ermittlung des Anteils an MAP- Aus betriebswirtschaftlichen Griinden erfolgte die erste Impfung des
Ausscheidern vor Beginn der Gesamtbestandes bereits im Jahr 2018, mehr als ein Jahr vor Projektbeginn. Im
Impfung Vorfeld erfolgte die erste und einzige Gesamtbestandsuntersuchung ungeimpfter
3 Anderung Projektplan | Ermittlung des Infektionsdrucks im | Tiere mittels Kotproben durch das FLI. Die Ergebnisse dieser Untersuchung
Bestand vor Beginn der Impfung dienten zur Berechnung des Anteils an MAP-Ausscheidern vor der Impfung. Der
Infektionsdruck in der Umgebung des Bestandes vor der Impfung konnte nicht
ermittelt werden.
4 05/2020 - 08/2021 Ermittlung des Ausmal3es der 08/2021.
Milchleistungsminderung bei MAP- | Probenahmen zum Stallgeféahrtenvergleich abgeschlossen
infizierten Ziegen Der Stallgefahrtenvergleich wurde inhaltlich ausgeweitet und umfasste neben
den Daten der Milchleistungsprifung (MLP) auch die Untersuchung von
Stoffwechselparametern.
5 27.07.2020 Impfung 04/2022:
28.05.2021 Jahrliche Impfung der weiblichen Nachzucht abgeschlossen
27.04.2022
6 04/2020 — 11/2022 Ermittlung des Anteils an MAP- 11/2022:
Ausscheidern nach Impfung Sechs halbjahrliche Gesamtbestandsuntersuchungen (Probenahmen)
abgeschlossen. Abschluss der kulturellen Anziichtung 06/2023.
7 05/2020 — 07/2022 Erfassung des Infektionsdrucks im | 02/2023:
Bestand nach Impfung RegelméaRige Umgebungsprobenahme abgeschlossen, rdumliche und zeitliche
Verteilung positiver Proben ermittelt.
8 07/2020 — 03/2023 Umsetzung gezielter 03/2023:
seuchenhygienischer MaRnahmen | Neue seuchenhygienische Malinahmen etabliert: Asphaltierung der
im Bestand Stallzugange, Ersatz von Wassertrogen durch Selbsttranken
Die Kolostrumerhitzung wurde nicht erprobt.
9 01/2021 - 03/2023 Statistische Auswertung und 03/2023 — Statistische Analysen weitestgehend abgeschlossen. Erarbeitung des

Leitfadens begonnen.




B Eingehende Darstellung
| Situation zu Projektbeginn
° Ausgangssituation und Bedarf/Problembeschreibung

Die Paratuberkulose, hervorgerufen durch Mycobacterium avium subsp. paratuberculosis
(MAP), ist in Deutschland flachendeckend verbreitet. Sie stellt fir Milchziegenbestande auch
in Thiringen ein zunehmendes gesundheitliches Problem dar und gefahrdet damit die
wirtschaftliche Wettbewerbsfahigkeit der betroffenen Bestande. Wirksame Verfahren zur
Eindammung bzw. Bek&dmpfung dieser Krankheit fordern daher die Wettbewerbsfahigkeit der
Landwirtschaftsbetriebe.

Hinweise fir die Bekdmpfung lassen sich aus den ,Empfehlungen fir hygienische
Anforderungen an das Halten von Wiederkauern® des Bundesministeriums fur Ernahrung und
Landwirtschaft (BMEL), die schwerpunktmaRig auf Rinder abzielen, ableiten. Fir die
Bekampfung beim Rind wird eine Kombination aus Diagnostik, Entfernung von Test-positiven
Tieren und Implementierung wirksamer Hygiene- und Managementmalnahmen empfohlen.
Konkrete Vorgaben die an die Bedingungen bei der Haltung von kleinen Wiederkauern,
insbesondere Milchziegen, adaptiert sind existieren jedoch nicht. In stark durchseuchten
Betrieben ist eine schnelle Entfernung aller Test-positiven Tiere ohne zum Tell
existenzbedrohende wirtschaftliche Folgen nicht mdglich. Eine ©6konomische Alternative
kénnte die Impfung der Tiere in Kombination mit geeigneten ManagementmalRnahmen
darstellen. In Spanien ist eine Inaktivat-Vakzine zum Einsatz bei kleinen Wiederkduern
erhéltlich (Gudair®, CZ Veterinaria, Spanien). Diese Vakzine wird in verschiedenen Landern
(inklusive Deutschland) bereits in Ziegenbestanden eingesetzt. Daten Uber Wirksamkeit im
Sinne einer Senkung der Neuinfektionsrate liegen aber bisher nicht vor. Diese sind jedoch
notwendig, um die Wirksamkeit des Verfahrens bewerten zu kénnen.

Durch eine Kooperation zwischen einem Praxisbetrieb, der nach Bioland-Kriterien arbeitet und
in dem ein Anteil an MAP-Ausscheidern von 30,0 % festgestellt wurde, der Thiringer
Tierseuchenkasse und dem Friedrich-Loeffler-Institut sollte untersucht werden, ob durch die
Impfung in Kombination mit Hygiene- und ManagementmafRnahmen eine Senkung der
Paratuberkulose-Pravalenz in einem groR3en, intensiv wirtschaftenden Milchziegenbetrieb
moglich ist und ob es dadurch zu einer verminderten Erregerausscheidung in die
Milch/Kolostrum kommt. Auf dieser Basis sollten Empfehlungen fir die Paratuberkulose-
Bekampfung in Milchziegenbetrieben unter Einbeziehung der Impfung erarbeitet werden. Das
konkrete Ausmalfld der wirtschaftlichen Folgen der Paratuberkulose fur Milchziegenbetriebe
(Milchleistungsminderung, Beeintrachtigung des Zuchtviehhandels) sollte analysiert werden.

° Stand des Wissens

Die Paratuberkulose, eine chronische granulomattse Enteritis, stellt weltweit eine der
wirtschaftlich bedeutendsten Infektionskrankheiten der Wiederkauer dar. Sie ist in
Deutschland bei Rindern flachendeckend verbreitet und betrifft ebenso Schaf- und
Ziegenbestande. Seit 2009 steigt die Zahl der jahrlich im Tierseuchennachrichtensystem
(TSN) gemeldeten Falle bei Ziegen kontinuierlich an. In Thiringen sind 18,2 % der
Ziegenbestande von Paratuberkulose betroffen, die scheinbare Intra-Herden-Pravalenz
betragt 14,2 % (1). Insbesondere in Milchziegenbetrieben fiihrt die Erkrankung zu erheblichen
direkten und indirekten Verlusten, die durch verminderte Milchleistung und Fruchtbarkeit (2),
therapieresistente Durchfélle, Abmagerung bis zur Kachexie und Todesfalle bedingt sind (3).
Eine Therapie steht nicht zur Verflgung. Bei Rindern wurde pro Milchkuh mit positivem
kulturellem MAP-Nachweis eine mittlere Reduktion der Milchleistung um 5,9% im Vergleich zu
MAP-negativen Stallgefahrten ermittelt (4). Die EinbuRen bei Schafen schatzt man auf 38,33
USD pro Tier und Jahr (5). Daten Uber den tatsachlichen Umfang der Milchleistungsverluste
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infolge einer MAP-Infektion bei Ziegen existieren bisher nicht, und sollen in Rahmen des
Projekts erhoben werden. Es ist zudem von erheblichen Gewinneinbu3en und erhéhten
Kosten, nicht zuletzt durch Diagnostik, Therapieversuche und Bekampfungsmalinahmen,
auszugehen (6).

Auf Grund ihrer wirtschaftlichen und gesundheitlichen Konsequenzen ist die Paratuberkulose
in Deutschland seit 1970 meldepflichtig. Sie wurde im Tiergesundheitsrechtsakt der
Europaischen Union (VO (EU) 2016/429) gelistet und in der Durchfiihrungsverordnung (EU)
2018/1882 Kategorie E (Monitoring) eingestuft. Sie wird von der Weltorganisation fir
Tiergesundheit (WOAH) auf der Liste der notifizierungspflichtigen Tierkrankheiten gefihrt
(Terrestrial Animal Health Code, 2022).

Seit Jahren wird eine Bedeutung von MAP in der Pathogenese von Morbus Crohn (MC), einer
chronischen entzindlichen Erkrankung des Gastrointestinaltraktes beim Menschen,
kontrovers diskutiert. Die Datenlage in der Fachliteratur ist widersprtchlich. Eine statistische
Meta-Analyse von Studien zum zoonotischen Potenzial von MAP ergab, dass bei MC-
Patienten ein erhdhtes Risiko fir das Vorkommen von MAP-Genom bzw. von spezifischen
Antikdrpern gegen MAP besteht als bei Kontrollpersonen mit anderen Darmerkrankungen bzw.
gesunden Personen (7). Andererseits belegen viele Studien, dass es sich bei MC um ein
multifaktorielles Syndrom handelt, in dessen Atiologie verschiedene Faktoren eine Rolle
spielen. Dazu gehoren Dysbalancen in der Darmflora, eine gestérte Funktion der
Darmschleimhaut (leaky gut), Dysregulationen der Abwehrmechanismen im Darm, genetische
Disposition sowie sozio-6konomische Faktoren. Das Robert-Koch-Institut (RKI) und das
Bundesinstitut fir Risikobewertung (BfR) kamen in einer systematischen Literaturstudie (8) zu
dem Ergebnis: ,die identifizierten und ausgewerteten Studien [...] erlauben es bestenfalls, die
Hypothese aufzustellen bzw. zu unterstitzen, dass MAP am Krankheitsgeschehen von
Morbus Crohn beteiligt sein kdnnte.“ Eine Exposition von Menschen mit MAP durch
kontaminierte Lebensmittel wie Milchprodukte, rohes Fleisch und Trinkwasser ist in
zahlreichen Studien dokumentiert (9). Aus Griinden des vorbeugenden Verbraucherschutzes
gilt es deshalb, durch hygienische und Bekampfungsmaflinahmen in betroffenen Bestanden
den Eintrag von MAP in die Lebensmittelkette so gering wie moglich zu halten. In der Rohmilch
von Ziegen war der MAP-Nachweis mittels PCR mdoglich (10). Zahlreiche Milchziegenbetriebe
haben sich auf die Herstellung von Rohmilchkase spezialisiert. Daher spielt dieser Aspekt bei
Milchziegen eine grof3e Rolle.

Ziegen gelten als weniger resistent gegenuber einer MAP-Infektion als Rinder und Schafe (11).
Die effektive Infektionsdosis steigt mit zunehmendem Alter der Tiere. Adulte Tiere werden,
aul3er bei extrem hohem Infektionsdruck, als resistent gegenliber einer Infektion angesehen
(6). Risikofaktoren, die zur individuellen Empfanglichkeit beitragen sind schlechte Hygiene,
kontaminierte Milch, unzureichende Fitterung und ein schlechter Allgemeinzustand (6).
Risikofaktoren fur Herden sind u.a. eine Herdengrof3e tber 200 Tiere (12) und eine intensive
Tierhaltung (13). Infizierte Wiederk&auer scheiden den Erreger tber den Kot, Kolostrum oder
Milch schon in einem Stadium aus, in dem die gegenwartig verfigbaren diagnostischen
Verfahren die Tiere noch nicht als infiziert erkennen kdnnen. Daraus resultiert, dass mit einer
einmaligen Untersuchung eine Identifizierung aller betroffenen Tiere nicht moglich ist. Infizierte
Tiere verbleiben Uber lange Zeit unerkannt im Bestand und tragen zu einer Exposition
empfanglicher Jungtiere bei. MAP ist zudem durch eine lange Uberlebensfahigkeit in der
Umwelt charakterisiert. Die Bekampfung der Erkrankung erfordert deshalb eine Merzung
positiver Tiere in Kombination mit begleitenden MaRnahmen, die zur Unterbrechung der
Infektkette und zur Senkung des Infektionsdrucks beitragen. In ziegenhaltenden Betrieben hat
sich die mutterlose Aufzucht der Lammer als Verfahren zur Infektkettenunterbrechung bewéhrt
(14).



Die Umsetzung umfassender seuchenhygienischer Malinahmen stellt fir stark durchseuchte
Betriebe eine hohe wirtschaftliche Belastung dar. Die Impfung wird dagegen als
kosteneffektive Strategie zur Beherrschung der Paratuberkulose angesehen (15). Die Effekte
der Impfung bei Rind und kleinen Wiederkauern wurden international in zahlreichen Studien
untersucht und in Meta-Analysen zusammengefasst. Zur Anwendung kamen Lebendvakzinen
und Inaktivat-Vakzinen. Die existierenden Vakzinen verzdgern das Auftreten Kklinischer
Symptome, verbessern das Korpergewicht, vermindern die Mortalitdt und die fakale
Erregerausscheidung und reduzieren das Ausmafd der pathologischen Veranderungen an
Darm und Lymphknoten (16-18). Es gibt Hinweise darauf, dass bei geimpften Ziegen auch die
Streuung von MAP in das Eutergewebe, und damit potenziell auch eine laktogene
Ausscheidung des Erregers vermindert wird (eigene unveroéffentlichte Daten). Diese Daten
lassen vermuten, dass die Impfung zu einer Senkung des Infektionsdrucks im Bestand und
damit auch zu einer Verminderung der Neuinfektionsrate beitragen kann.

Derzeit ist in der EU lediglich in Spanien eine Inaktivat-Vakzine auf dem Markt, die fur die
Anwendung bei kleinen Wiederkauern konzipiert ist (Gudair®, CZ Veterinaria, Spanien). Fir
diesen Impfstoff existiert in Deutschland keine Zulassung durch das Paul-Ehrlich-Institut (PEI),
deshalb ist eine Anwendung nur auf der Basis einer Ausnahmegenehmigung durch die
zustandigen Landesbehoérden in Abstimmung mit dem PEI mdglich. Bisher wird der Impfstoff
in einigen Milchziegenbestanden eingesetzt, die durch die Klinik fur kleine Klauentiere der
TiHo Hannover betreut werden. Es zeigte sich, dass Gudair® bei Ziegen eine Serokonversion
hervorruft (19). Bisher liegen keine Daten dazu vor, ob die Impfung zu einer Reduktion der
laktogenen MAP-Ausscheidung fuhrt und wie die Neuinfektionsrate beeinflusst wird.

Die Bekdmpfung der Paratuberkulose in Deutschland erfolgt vorwiegend auf freiwilliger Basis.
Durch das BMEL wurden im Jahr 2014 ,Empfehlungen flr hygienische Anforderungen an das
Halten von Wiederkauern® verdéffentlicht (20), die unter dem Punkt lll ,Hygienemaflnahmen bei
besonderen Krankheiten® fachlich fundierte MalRnahmen zum Schutz gegen die
Paratuberkulose in Rinderhaltungen enthalten. Vergleichbare Empfehlungen fir Ziegen,
insbesondere Milchziegenhaltungen gibt es bisher nicht. Daher sollen in diesem Projekt
Basisdaten firr solche Empfehlungen erarbeitet werden.
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Il Aufgabenstellung und Ziele des Vorhabens
Ziel dieses Innovationsprojektes war es,

1) zu ermitteln, in welcher GréRenordnung Uber einen Zeitraum von drei Jahren durch die
Impfung mit einer Inaktivat-Vakzine die Neuinfektionsrate in einem intensiv
wirtschaftenden Milchziegenbestand reduziert wird,

2) festzustellen, ob ein Risiko besteht, dass infizierte Ziegen MAP laktogen ausscheiden
und ob dieses Risiko durch die Impfung beeinflusst wird,

3) Empfehlungen fir die Paratuberkulosebekdmpfung in Milchziegenbetrieben unter
Einbeziehung der Impfung zu erarbeiten und

4) Uber einen Stallgefahrtenvergleich das Ausmalf der Milchleistungsminderung bei MAP-
infizierten Ziegen zu ermitteln.

Il Projektverlauf

» Das Ziel des AP1 war es, eine molekularbiologische Methode zum Nachweis von MAP in
Kolostrum von Ziegen zu etablieren. Es wurden drei verschiedene Methoden erprobt und
zwei davon hinsichtlich ihrer analytischen Sensitivitat verglichen (Abb. 1). Es sollte das
Verfahren ausgewahlt werden, das fir den MAP-Nachweis in Kolostrum am geeignetsten
ist.

» AP 2 hatte zum Inhalt, den Anteil an MAP-Ausscheidern vor Beginn der Impfung zu
ermitteln, um die Ausgangssituation beziiglich der Paratuberkulose-Préavalenz im Bestand
zu erfassen. Dies wurde retrospektiv anhand der Ergebnisse einer
Gesamtbestandsuntersuchung im Jahr 2018 getan, die durch das FLI in Zusammenarbeit
mit der ThurTSK durchgefihrt wurde. Es erfolgte die kulturelle Untersuchung von
Einzeltierkotproben auf MAP. Dabei wurde das in der Amtlichen Methodensammlung, die
vom FLI herausgegeben wird, verdffentlichte Verfahren angewendet.
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» AP3/AP7: Da auf Grund der hohen Erkrankungsrate im Bestand die erste Impfung des
Gesamtbestandes mit der Inaktivat-Vakzine Gudair® bereits Ende 2018 sowie im Lauf des
Jahres 2019 erfolgen musste, war eine Ermittlung des Infektionsdrucks im Bestand vor der
Impfung nicht mehr mdglich. Die erste Probenahme in diesem Arbeitspaket fand daher
unmittelbar nach Projektbeginn in der Stallumgebung der geimpften Herde statt.

Um die MAP-Belastung der Stallumgebung beurteilen zu kdnnen wurden verschiedene
Entnahmeorte definiert an welchen jeweils verschiedene Probenmaterialien (Einstreu,
Staub, Wasser, Futter) entnommen wurden (Abb. 2).

E) . E | ®
() (B) W) fW)={

W)

- E

E

w
® E

Abte lnl\almnm\;-"E Abtell Ablammung E

® S €

-
m
Zugang Stall O
Zugang Stall West
P
m

Abb. 2: Lokalisation der definierten Entnahmestellen fir Umgebungsproben im Ziegenstall.
E = Einstreu, S = Staub, W = Wasser, F = Futter (© Chris Pickrodt)



Um die Einflisse eines zeitlichen Verlaufes und insbesondere der abnehmenden Anzahl
an MAP-Ausscheidern in der Herde abzubilden fanden innerhalb der Projektzeit acht
Probennahmen statt. Die Aufarbeitung der Proben mit anschlieRender Untersuchung auf
vermehrungsfahige Erreger und Erreger-DNA fand mit eigens dafiir etablierten Methoden
statt (s. Publikation 2 im Anhang). Des Weiteren wurden wahrend zwei Lammzeiten direkt
nach der Ablammung Kolostrumproben und Eutertupfer (s. Abb. 3) von 55 Ziegen sowie
das an die LAmmer vertrankte Sammelkolostrum entnommen. Diese Proben wurden mit
den im AP1 evaluierten Methoden untersucht (s. Publikation 1 im Anhang).

Abb. 3: Entnahme von Kolostrum (links) und von Eutertupfern (rechts) bei Ziegen im
Projektbetrieb (© FLI)

AP4: Die Datenerfassung fir die Ermittlung der Milchleistungsminderung und
Paratuberkulose-bedingter gesundheitlicher Ver&nderungen im Stallgefahrtenvergleich
zwischen MAP-positiven und altersgleichen MAP-unverdéchtigen Ziegen fand tber den
Zeitraum eines Produktionsjahres statt. Dies beinhaltete die monatlichen Ergebnisse der
Milchleistungsprifung sowie die Untersuchung von Einzeltierkotproben zur Bestimmung
des aktuellen Ausscheidungsstatus. In Ergénzung des urspriinglichen Projektplans wurde
eine vierteljahrliche Untersuchung von Stoffwechselparametern bei beiden Gruppen in den
Arbeitsplan aufgenommen. Die Untersuchung der Kotproben fand im FLI, die der
Blutserumproben durch das Labor der ThurTSK statt. Im Anschluss erfolgte eine
statistische Auswertung aller Daten mittels linearer gemischter Modelle, um signifikante
Unterschiede zwischen den Stallgefahrten zu ermitteln.

AP5: Im Juli 2020 fand die Impfung der Lammer des Jahrgangs 2020 mit der Inaktivat-
Vakzine Gudair® planméaRig statt. Es wurden 120 Lammer im Alter von etwa 5 Monaten
immunisiert. Im Jahr 2021 wurden keine im Betrieb geborenen La&mmern zur Remontierung
der Herde genutzt. Stattdessen wurden 30 weibliche Ziegen sowie ein Bocklamm aus einer
anderen, MAP-unverdéachtigen, Haltung von Thiringer Wald Ziegen zugekauft. Die
Impfung dieser Tiere mit der Inaktivat-Vakzine Gudair® fand im Alter von ca. 3 Monaten
noch im Herkunftsbestand statt. Die Tiere wurden im September 2021 in den
Projektbestand verbracht. 2022 remontierte der Projektbetrieb erneut aus der eigenen
Nachzucht. Es wurden 78 Lammer im Alter von etwa 3 Monaten mit der Inaktivat-Vakzine
Gudair® immunisiert.

APG6: Im halbjahrlichen Abstand wurden jeweils nach der Lammzeit im Frihjahr und gegen

Ende der Weidesaison zum Herbstende alle im Betrieb befindlichen Ziegen im Alter von
mehr als 6 Monaten beprobt. Hierfir wurde von jedem Tier eine Kotprobe entnommen und
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kulturell untersucht um eine aktuelle Ausscheidung von MAP festzustellen und den
jeweiligen Infektionsstatus der Einzeltiere zu definieren. Die Anzucht erfolgte in
Ubereinstimmung mit dem in der Amtlichen Methodensammlung verdffentlichten
Verfahren. Eine Ziege galt als positiv sobald MAP in mindestens einer der zwischen 2018
und 2022 entnommenen Kotproben nachgewiesen wurde.

» AP8: Zum Schutz der Tiere wurde zunachst entschieden, auf die urspriinglich im AP 8

geplante Implementierung eines Verfahrens zur Erhitzung von Kolostrum zu verzichten, da
sich bei der Erprobung des Verfahrens im Jahr 2019 die Tiergesundheit der Lammer
verschlechterte. Auf Grund der insgesamt negativen Ergebnisse der Untersuchung von
Kolostrum auf das Vorhandensein von MAP (AP3 und 7) wurde schlie3lich endgultig auf
eine Kolostrumerhitzung verzichtet.
Auf Grundlage der positiven Kulturergebnisse aus den Untersuchungen der
Stallumgebung wurden die Eingange zum Stallgebdude asphaltiert. Uber die zuvor
unbefestigte Flache wird die Ziegenherde wahrend der Weidesaison taglich zweimal
getrieben. Diese Malinahme ermdéglicht eine einfache Reinigung und dadurch effektive
Reduzierung des Erregers und dessen Eintrag in das Stallgebaude (Abb. 4).
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Abb. 4: Stalleingange vor (links) und nach der Asphaltierung (rechts) (© FLI)

Des Weiteren erfolgte die Umstellung der Trogtréanken, in welchen mehrfach MAP-DNA
nachgewiesen werden konnte auf kleinvolumige, erhéht angebrachte Schwimmertranken.
Da in diesen Tranken standig frisches Trankwasser aus der Leitung nachfliel3t und die
Standzeiten des Wassers sehr gering sind, kann auf diesem Weg die Aufnahme von MAP-
kontaminiertem Wasser weitestgehend unterbunden werden (Abb. 5).

ey

Abb. 5: Ersatz der Trogtranken (links) durch Schwimmrtranken (rechts) (© FLI)
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Zusatzlich wurden bereits im Betriebsmanagement implementierte Mal3nahmen in Bezug
auf die Lammeraufzucht weiter beibehalten. Dies schliel3t die schnellstmdgliche Trennung
von Mutter und Lamm und deren separate Aufzucht in einem gesonderten Stallbereich ein.

» AP9: Die in AP 2 (Pravalenz vor Impfung), 4 (Stallgefahrtenvergleich), 6

(Pravalenzentwicklung) und 7 (Infektionsdruck Umgebung) gewonnenen Ergebnisse
wurden im Projektverlauf ausgewertet.
Um die Entwicklung der Paratuberkulose-Pravalenz im Bestand von der Erstuntersuchung
bis zum Ende des Projektzeitraums bewerten zu kénnen wurde der jeweilige Anteil an
aktuellen Ausscheidern bei den Gesamtbestandsuntersuchungen bestimmt und
miteinander  verglichen.  Zur Identifikation von  Gruppenunterschieden im
Stallgefahrtenvergleich wurden far die einzelnen Stoffwechsel- und
Milchleistungsparameter statistische Modelle (linear mixed models) entwickelt und
berechnet. Die Zusammenhange zwischen definierten Charakteristika der entnommenen
Umgebungsproben und den Ergebnissen der kulturellen und molekularbiologischen
Untersuchung auf MAP wurden durch eine logistische Regression beschrieben. Aul3erdem
erfolgte ein Vergleich der Ergebnisse beider Untersuchungsmethoden miteinander
(Interrater-Reliabilitat) sowie die Berechnung des Zusammenhangs zwischen DNA-Gehalt
und kulturellem Wachstumsindex (Rangkorrelation nach Spearman).

C Ergebnisse des Innovationsprojektes
| Auffihrung der Ergebnisse
o Pravalenzentwicklung im Bestand

Die Pravalenz Erreger-ausscheidender Ziegen sank von 30,0 % im Jahr 2018 nach der
Immunisierung des Gesamtbestandes und der jahrlichen Nachzucht auf 3,5 % im Herbst 2022
(Tab. 1). Damit konnte eine starke Reduktion der Erkrankungspravalenz dokumentiert werden,
wozu sehr wahrscheinlich sowohl die Impfung als auch die Entfernung bekannter Ausscheider
beitrugen. Im Rahmen der Studie konnte gezeigt werden, dass es trotz Impfung im Lammalter
weiterhin zu Infektionen in der Herde kommt. Es gibt jedoch Hinweise darauf, dass bei den
geimpften Tieren der Zeitpunkt der ersten Ausscheidung spéater eintritt als bei ungeimpften
Tieren (Abb. 6). Somit lasst sich schlussfolgern, dass die Impfung gegen Paratuberkulose
einen sinnvollen Aspekt im Rahmen eines Sanierungskonzeptes darstellt aber als alleinige
MafRnahme nicht zur Eradikation der Erkrankung fiihren wird.

Tab. 3: Entwicklung des Anteils an Ziegen alter als 1 Jahr, bei denen Mycobacterium avium
subsp. paratuberculosis kulturell im Kot nachgewiesen werden konnte

Bestandsuntersuchung Anzahl Proben davon positiv
Ziegen > 1 Jahr n n %
2018 Februar 307 92 30,0
2020 April 286 28 9,8
2020 Oktober 308 18 5,8
2021 Mai 414 13 3,1
2021 November 382 9 2,4
2022 Mai 407 7 1,7
2022 November 434 15 3,5
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Abb. 6: Ergebnisse der kulturellen Gesamtbestandsuntersuchungen von Kotproben nach Abschluss der
Lammzeiten in den Jahren 2018, 2020, 2021 und 2022. Dargestellt ist der Anteil an MAP-Ausscheidern
bei Tieren im Alter von 2-4 Jahren getrennt nach Lebensalter. Gleiche Balkenfarben symbolisieren
gleiche Geburtsjahrgange in unterschiedlichen Probennahmen. (© Heike Kéhler)

. Identifizierung von Infektionsquellen sowie Charakterisierung des
Infektionsdrucks im Bestand

Fir den Nachweis von MAP im Kolostrum von Ziegen und auf deren Euterhaut wurden im
Projekt neue Analysemethoden etabliert und hinsichtlich ihrer Nachweisgrenze evaluiert. Im
Vorversuch der Kolostrummethodenetablierung stellte sich die Vorinkubation der Probe mit
Proteinase K als nicht praktikabel dar. Daher wurden Verdiinnungsreihen zu Bestimmung der
minimalen Nachweisgrenze nur fir native Proben und Kolostrum nach einem
Zentrifugationsschritt angefertigt. Die weitere Aufarbeitung erfolgte mit einem kommerziell
vertriebenen Kit, der fir die Immunomagnetseparation von MAP aus Rindermilchproben
entwickelt wurde (ADIAPURE ParaTB Milk Kit, Bio-X). Daran schloss sich die Untersuchung
mittels eines fir den MAP-Nachweis zugelassenen real-time PCR-Kits an (ADIAVET ParaTB
real time, Bio-X). Der Vergleich der Evaluierungsergebnisse beider Methoden zeigte, dass die
Zentrifugation der Proben vor dem Separationsschritt nicht zu einer deutlich niedrigeren
Nachweisgrenze fihrte (Abb. 7). Daher wurde entschieden, die nativen Proben fir die Analyse
auf MAP zu nutzen. Fur diese Vorgehensweise konnte die minimale Nachweisgrenze von
33 — 79 Kolonie-bildenden Einheiten (KbE)/ml bestimmt werden. Dies entspricht den Angaben
fur Rindermilch des Herstellers des Separationskits.
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Abb. 7: Ergebnisse der real time PCR (Cr-Werte) einer Verdiinnungsreine MAP-gespikten
Kolostrums nach Aufarbeitung mit ADIAPURE ParaTB Milk Kit (Methode 1 = nativ, Methode 2 =
Zentrifugation). Je hoher der Cr-Wert, desto geringer der Gehalt an MAP-DNA in der Probe.
(© Chris Pickrodt)

Im Methodenvergleich fiir den Nachweis von MAP auf der Euterhaut wurden trockene mit
wasserbefeuchteten Tupfern verglichen (Abb. 8). Neben der Analyse auf MAP-DNA fand
zusatzlich eine kulturelle Anzucht statt. Die Auswertung beider Untersuchungsmethoden
zeigte einen geringen Vorteil der trockenen gegentber den feuchten Tupfern insbesondere in
der Kultur. Daher und um eine weitere Kontaminationsgefahr wahrend der Probennahme
auszuschlieRen, die von der zur Befeuchtung genutzten Flissigkeit potentiell ausgehen kann,
wurden die Untersuchungen im Bestand mit trockenen Tupfern durchgefiihrt. Die minimale
Nachweisgrenze fiir die kulturelle Anzucht lag bei 10> — 10* KbE/cm? und fir den Nachweis
von MAP-DNA bei 1,6 — 2,1 x 102 KbE/cm?.
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Abb. 8: Ergebnisse der real time PCR (Ci-Werte) bei Untersuchung von Tupferproben von
Euterhaut, die mit den Suspensionen einer Verdinnungsreihe von MAP kontaminiert wurde.
Vergleich von trockenen und angefeuchteten Tupfern. Je héher der Ct-Wert, desto geringer der
Gehalt an MAP-DNA in der Probe. (© Chris Pickrodt)
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Der Paratuberkulose-Erreger war nicht im Kolostrum von geimpften Mutterziegen
nachweisbar. Da kein Vergleich mit ungeimpften Ziegen méglich war konnte nicht abgeklart
werden, ob es sich dabei um einen Effekt der Impfung handelt. Die Euterhaut zeigte nur eine
geringe MAP-Belastung (Abb. 9 und 10, s. auch Publikation 1 im Anhang).
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Abb. 9: links: Kolostrumproben nach erfolgter Immunomagnetseparation im Magnetstander,
rechts: Ergebnisse der DNA-Amplifikation in der real time PCR (alle Proben negativ) (© FLI)
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Abb. 10: links: Eutertupfer in destilliertem Wasser, rechts: Ergebnisse der DNA-Amplifikation in
der real time PCR (wenige Proben mit positiven Signalen) (© FLI)

Vermehrungsféahige Paratuberkulose-Erreger waren in der Einstreu und im Staub aus der
Stallumgebung nachweisbar. Bereiche mit hohem Tierverkehr (z.B. das Melkkarussell) waren
besonders haufig positiv (Abb. 11 und 12). Der Erregernachweis in Ablammbuchten machte
deutlich, dass in diesen Bereichen eine Ansteckung der Nachzucht leicht mdglich ist.
Genetisches Material des Paratuberkulose-Erregers wurde in Einstreu, Staub, Futter und
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Wasserproben nachgewiesen. Das zeigt, dass der Erreger luftgetragen im gesamten Bestand
verteilt werden kann. Diese Erkenntnisse bilden die Grundlage zur Identifikation von
Risikobereichen fiir die Ubertragung von MAP innerhalb eines Ziegenstalls (s. Publikation 2
im Anhang).

MAP

Abb. 11: links: Ergebnis des kulturellen Anzucht - Koloniewachstum von Mycobacterium avium
subsp. paratuberculosis auf Herrold’s Egg Yolk Medium mit Mycobactin (Becton Dickinson); rechts:
Ergebnisse der DNA-Amplifikation in der real time PCR (viele Proben mit positiven Signalen) (©
FLI)
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Abb. 12: Analyseergebnisse der im Ziegenstall enthommenen Umgebungsproben vom Mai 2020.
Violett = Nachweis MAP-DNA, griin = kultureller MAP-Nachweis, wei3 = kein Erregernachweis;
E = Einstreu, S = Staub, W = Wasser, F = Futter. (© Chris Pickrodt)

o Auswirkungen der MAP-Infektion auf die Milchleistung und auf
Stoffwechselparameter

Bei dem Stallgeféhrtenvergleich zwischen unverdéachtigen und infizierten laktierenden Ziegen
wurde festgestellt, dass es bereits bei infizierten Tieren, die noch keine Symptome einer
Infektion zeigen, zu einer Verminderung des Gesamtproteingehaltes und des Albumingehaltes
im Blutserum kommt (Abb. 13). Diese Abweichungen sind bei starken Ausscheidern
besonders ausgepragt und gekoppelt mit einer deutlich verminderten Milchmenge pro Tag
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(Abb. 14). Die Erkenntnisse der Blutuntersuchungen bestatigen vergleichbare Erkenntnisse
die bereits bei Rindern gewonnen wurden. Durch unsere Arbeiten wurde erstmals
systematisch beschrieben, dass es auch bei Ziegen infolge der Paratuberkulose zu einer
statistisch nhachgewiesenen Milchleistungsminderung kommt.
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Abb. 13: Kleinste-Quadrate-Mittelwerte (x 95% Konfidenzintervall) fur Gesamtprotein (a) und Albumin
(b) von Mycobacterium avium subsp. paratuberculosis unverdachtigen (1) und -infizierten (2) Ziegen
entsprechend der Klassifizierung anhand des Ergebnisses der Kotkultur (a = aktuell keine
Ausscheidung, b = schwache Ausscheidung, ¢ = starke Ausscheidung). Die blaue Linie markiert den
unteren Referenzwert des jeweiligen Parameters nach den Laborbewertungsmafstéaben der ThirTSK.
Signifikante Gruppenunterschiede sind gekennzeichnet (* p < 0,05; ** p < 0,01). (© Chris Pickrodt)
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Aus den Untersuchungen und statistischen Auswertungen der Umgebungsproben konnte
neben der ldentifikation von potentiellen Risikobereichen fir die Ubertragung von MAP auf
naive Lammer auch die Empfehlung abgeleitet werden, diese Proben zur Bestimmung des
Paratuberkulose-Bestandsstatus zu nutzen. Dieses im Vergleich zu Einzeltieruntersuchungen
deutlich kostengiinstigere Verfahren wird bereits seit mehreren Jahren erfolgreich in der
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Uberwachung von Rinderbetrieben eingesetzt, wohingegen die Anwendung in Schaf- und
Ziegenhaltungen bisher nicht etabliert ist.

Im Rahmen der Methodenevaluierung fur den Nachweis von MAP in Kolostrum und mittels
Eutertupfer wurden verschiedene Methodiken miteinander verglichen. Aufgrund nur
geringflgiger Abweichungen wurde sich in beiden Fallen fir jeweils jene Methode
entschieden, welche eine geringere Kontaminationsgefahr sowie hohere Praktikabilitat
aufweisen.

Da eine Untersuchung der Umgebungsbelastung mit MAP vor der Implementierung der
Impfung nicht mdglich war konnte nicht erfasst werden, ob es infolge der Impfung zu einer
Reduzierung der Umgebungskontamination kam. Der Anteil an MAP-Ausscheidern in der
Herde hatte keinen deutlichen Einfluss auf den Anteil an kulturell oder molekularbiologisch
positiven Umgebungsproben.

Die in der Projektplanung formulierten Ziele wurden weitestgehend erreicht. Es konnte eine
starke Reduktion der Paratuberkulose-Préavalenz im Bestand in einem relativ kurzen Zeitraum
von nur 4 Jahren unter Einbeziehung der Impfung als SanierungsmalRnahme dokumentiert
werden. Der Einfluss der Impfung auf die Neuinfektionsrate konnte nicht verlasslich ermittelt
werden, weil im Jahr 2021 durch den Landwirt voriibergehend eine Anderung im Management
der Jungtiere erfolgte. Es wurde keine eigene Nachzucht fir die Remontierung eingesetzt.
Stattdessen wurden 30 Jungziegen aus einem Paratuberkulose-unverdachtigen Bestand im
Alter von ca. 6 Monaten zugestallt. Diese Tiere befanden sich in der ersten Lebensmonaten,
in denen die hdchste Empféanglichkeit fir eine MAP-Infektion vorliegt, in einer MAP-freien
Umgebung. Sie wurden im Alter von 12 Wochen mit Gudair® geimpft. Wir gehen davon aus,
dass fir diese Tiere nach der Zustallung in den Projektbetrieb bereits ein geringeres
Infektionsrisiko bestand, als in einem friiheren Lebensalter bestanden hétte.

Fir die Untersuchung von Kolostrum wurde ein praktikables Verfahren etabliert. Ebenso
konnte der Infektionsdruck in der direkten Tierumgebung der Ziegen beschrieben werden.
Aufgrund des hohen Anteils an MAP-positiven Tieren im Jahr 2018, der mit einem
tierschutzrelevanten Krankheitsgeschehen im Bestand verbunden war, musste bereits vor
Projektbeginn mit der Impfung der Tiere begonnen werden. Demzufolge war der geplante
ausgeweitete systematische Vergleich von Proben vor und nach der durchgefihrten Impfung
nicht moéglich. Es konnte somit nicht untersucht werden, ob die Impfung einen Einfluss auf den
MAP-Gehalt von Kolostrum hat. Erfreulicherweise wurde MAP nicht im Kolostrum
nachgewiesen und es wurde auch nur bei einem geringen Prozentsatz der untersuchten Tiere
eine Kontamination der Euterhaut mit MAP gefunden, so dass das Risiko einer Exposition der
Lammer mit MAP auf diesem Weg als gering anzusehen ist.

Im Rahmen des Stallgeféahrtenvergleiches wurden die Auswirkungen einer Paratuberkulose-
Infektion auf verschiedene Milchleistungsparameter ausgewertet. Eine umfassende Analyse
der wirtschaftlichen Auswirkungen auf das Betriebsergebnis erfolgte nicht, da infolge der
Corona-Pandemie eine wirtschaftliche Ausnahmesituation bestand, deren Auswirkungen auf
das Betriebsergebnis schwer abschatzbar waren.

Il Diskussion der Ergebnisse

In den Rahmen dieses Projektes durchgefiihrten explorativen Studien wurden Methoden
entwickelt und Erkenntnisse gewonnen, die unmittelbar in die praktische Bekampfung der
Paratuberkulose in Milchziegenbestanden tberfiihrt werden kénnen.

Unsere Studien bestatigten Daten aus der Literatur, dass die Impfung mit einer Inaktivat-
Vakzine gegen MAP zu einer Senkung der Paratuberkulose-Pravalenz in Ziegenbestanden
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beitragt und demzufolge eine wichtige Saule der Paratuberkulose-Bekdmpfung darstellt. Es
konnte jedoch nicht abschlieBend geklart werden, ob eine Reduktion der Neuinfektionsrate
erreicht wird.

Die von uns entwickelten Methoden zum MAP-Nachweis im Kolostrum und in verschiedenen
Umgebungsproben kénnen genutzt werden, um bestandsspezifische Risikofaktoren fir eine
Exposition von Jungtieren mit MAP zu identifizieren. Diese Erkenntnisse bilden die Basis fur
Festlegung von Hygiene- und Managementmallnahmen im bestandsspezifischen
Paratuberkulose-Bekampfungsplan. Eine besonders hohe Nachweisrate von MAP war in
Bereichen hohen Tierverkehrs zu verzeichnen. Dies er6ffnet die Méglichkeit, die Untersuchung
von Umgebungsproben zur Identifizierung MAP-positiver und MAP-unverdachtiger Bestande
zZu nutzen, wie es bereits in Rinderbestanden praktiziert wird. Als nachster Schritt ist die
Erprobung dieses Verfahrens in einer gré3eren Anzahl MAP-positiver und MAP-
unverdachtiger Ziegenbestande erforderlich, um die diagnostischen Charakteristika dieses
Verfahrens (Sensitivitat, Spezifitdt, Untergrenze der Intra-Herden-Pravalenz) auszuloten.

Wir konnten zeigen, dass es bereits bei Ziegen ohne deutliche klinische Symptomatik der
Paratuberkulose zu Veranderungen in Stoffwechselparametern des Blutes und zu einer
Reduzierung der taglichen Milchmenge kommt. Dies war bei starken Ausscheidern besonders
ausgepragt. Die Kenntnis der konkreten wirtschaftlichen Auswirkungen dieser
Leistungsminderungen sollte fir Tierhalter ein Anreiz sein, die Beka&mpfung der
Paratuberkulose im eigenen Bestand voran zu treiben.

Il Nutzung der Ergebnisse und Empfehlungen fir die Praxis

Die wahrend des Projektzeitraums gewonnenen Erkenntnisse wurden in Form eines
Leitfadens mit konkreten Handlungsempfehlungen fur Ziegenbestande im Hinblick auf die
Bekampfung und Pravention der Paratuberkulose zusammengefasst (s. Auszug im Anhang).
Er wird auf der Homepage des FLI, auf der Seite des NRL fur Paratuberkulose veréffentlicht
und den Landwirten tber die ThurTSK zur Verfigung gestellt.

IV Ausblick: Wirtschaftliche und wissenschaftliche Anschlussfahigkeit

Ausgehend von den Ergebnissen des Nachweises von MAP in der Stallumgebung der Ziegen
ergibt sich die Frage, ob auf dieser Basis ein Verfahren entwickelt werden kann, mit dem der
Paratuberkulose-Status eines Bestandes auf einfache und kostengulinstige Weise zu ermitteln
ist. Dazu sind Untersuchungen in einer reprasentativen Anzahl Paratuberkulose-positiver und
-unverdachtiger Bestande erforderlich. Dort muss gepruft werden, ob sich die gute Eignung
der Probenmatrix Staub bestatigt oder ob andere Probenmatrizes besonders geeignet sind
und ob eine einmalige Untersuchung gentigt oder wiederholte Untersuchungen notwendig
sind, um die Nachweissicherheit zu erhéhen. Auferdem ist zu ermitteln, wo die unteren
Grenzen der Intra-Herden-Pravalenz liegen, die auf diese Weise erfasst werden kdnnen. Mit
diesem weiteren Entwicklungsschritt kbnnte in ahnlicher Weise wie bei Milchkuhherden die
Uberwachung von Milchziegenherden auf Paratuberkulose durchgefiihrt werden. Eine
Markteinfihrung dieses Uberwachungsverfahrens ware perspektivisch im Rahmen eines
Programms zur Bekdmpfung der Paratuberkulose in Milchziegenbestédnden denkbar.

Die Erkenntnis, dass es bereits bei klinisch unauffalligen, mit MAP-infizierten Ziegen zu einer
Minderung der Milchleistung kommt deutet darauf hin, dass die Paratuberkulose &hnlich wie
beim Rind zu erheblichen wirtschaftlichen Einbul3en in Milchziegenbestanden fuhrt. Dies sollte
gleichermal3en in einer reprasentativen Anzahl Paratuberkulose-positiver und -unverdéachtiger
Bestande weiter untersucht werden.

22



Es wurden in diesem Projekt keine Ergebnisse generiert, die fur eine direkte Markteinfihrung
geeignet waren.

V Offentlichkeitsarbeit (Wissenstransfer & Erfahrungsaustausch)

Die Ergebnisse wurden bisher in zwei wissenschaftlichen Artikeln in internationalen

Fachzeitschriften mit Peer-Review-System publiziert. Eine weitere Publikation ist in

Vorbereitung.

e Pickrodt C, Donat K, Moog U, Kéhler H. Analysis of Colostrum and Udder Skin Swabs from
a Dairy Goat Herd in Germany regarding the Occurrence of Mycobacterium avium Subsp.
paratuberculosis. Animals 2022, 12(14):1779. https://doi.org/10.3390/ani12141779

e Pickrodt C; Donat K; Moog U; Kéhler H. Mycobacterium avium subsp. Paratuberculosis in
Different Environmental Samples from a Dairy Goat Barn—Implications for Sampling
Strategies for Paratuberculosis Diagnostic and Prevention. Animals 2023, 13:1688.
https://doi.org/10.3390/ani13101688

Die Studie und ausgewéhlte Ergebnisse daraus wurden auf mehreren nationalen und
internationalen wissenschaftlichen Fachtagungen sowie im Rahmen von
Weiterbildungsveranstaltungen fir Ziegen- und Schafziichter vorgestellt:

o Pickrodt, C., Koéhler, H., Donat, K., Moog U. 2021. Verfahren zur Senkung der
Paratuberkulose-Neuinfektionsrate in Milchziegenbetrieben durch Impfung
(Projektvorstellung ParaVac). Gemeinsame Arbeitstagung der Nationalen Referenzlabore
Chlamydiose, Q-Fieber, Paratuberkulose und Tuberkulose der Rinder. Jena: 2021.04.21-
22

e Pickrodt C. Reducing paratuberculosis incidence in dairy goat herds by vaccination. Euring,
B., Harzer, M., Kamutzki, C., Kreyer, S., Wagner, F. C., & Ohlmann, S. (Eds.). (2021). 9.
Leipziger Doktorand:Innenforum: der Veterindrmedizinischen Fakultdt der Universitat
Leipzig, Programm & Abstracts (1. Auflage, 1 Online-Ressource). Universitéat Leipzig.
https://nbn-resolving.de/urn:nbn:de:bsz:15-qucosa2-753877

o Pickrodt C, Donat K, Moog U, Kohler H. Analyse mdglicher Infektionsquellen fir
Mycobacterium avium subsp. paratuberculosis in Milchziegenhaltungen, 2021. Tagung der
DVG-Fachgruppe “Krankheiten kleiner Wiederkauer”; Online; 25.-26. August 2021.

e Pickrodt C. Paratuberkulose beim kleinen Wiederkauer. 15. Gemeinsame Tagung zur
Schaf- und Ziegengesundheit. Arnstadt, 16. September 2021

e Pickrodt C, Kohler H, Donat K. Detection of Mycobacterium avium subspecies
paratuberculosis in environmental samples from a dairy goat farm in Germany, 2022. 15th
International Colloquium on Paratuberculosis: Dublin, Ireland, 12-16 June 2022.

e Pickrodt C, Donat K, Moog U, Kohler H. No evidence of transmission of Mycobacterium
avium subspecies paratuberculosis from the udder skin into the colostrum of dairy goats,
2022. 15th International Colloquium on Paratuberculosis: Dublin, Ireland, 12-16 June 2022.

e Pickrodt C, Kéhler H, Gartner T, Gernand E, Moog U, Donat K. Unterschiede hinsichtlich
metabolischer Parameter und der Milchleistung zwischen Mycobacterium avium
subspecies paratuberculosis (MAP) -positiven Ziegen und ihren MAP-unverdachtigen
Stallgefahrten, 2022. Tagung der DVG-Fachgruppe Kleine Wiederkduer & Neuweltkamele:
Triesdorf, 08. bis 09. September 2022.

o Pickrodt C, Koéhler H. Paratuberkulosediagnostik: mehr als nur Kot — Alternative
Untersuchungsmaterialien in der epidemiologischen Bestandsdiagnostik, 2022. 40.
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https://doi.org/10.3390/ani12141779
https://doi.org/10.3390/ani13101688
https://nbn-resolving.de/urn:nbn:de:bsz:15-qucosa2-753877

Arbeits- und Fortbildungstagung der DVG-Fachgruppe AVID, Arbeitskreis fir
Veterinarmedizinische Infektionsdiagnostik, Kloster Banz und Online, 14. bis 16.
September 2022, Tagung der DVG-Fachgruppe AVID Veterindrmedizinische
Infektionsdiagnostik.

Der Leitfaden mit konkreten Handlungsempfehlungen fir Ziegenhalter im Hinblick auf die
Bekampfung und Préavention der Paratuberkulose wird auf der Homepage des FLI, auf der
Seite des NRL fiir Paratuberkulose, der Offentlichkeit zugénglich gemacht.

Im Rahmen der Beratungstétigkeit des Thuringer Schaf- und Ziegengesundheitsdienstes
werden die Ziegenhalter anhand des Leitfadens Uber die Erkrankung, mdogliche
Eintragsquellen sowie Mdglichkeiten zur Verminderung des Expositionsrisikos fur die
besonders empfanglichen Jungtiere, die Moglichkeit der Impfung und andere
Bekampfungsmaflnahmen informiert und darauf aufbauend bei Bedarf konkrete
bestandsspezifische MalRnahmenplane erarbeitet.

VI Schlussfolgerungen

Die Ziele des Projekts wurden weitestgehend erreicht. Es wurde bestéatigt, dass die Impfung
zu einer Reduzierung des Anteils an MAP-Ausscheidern im Bestand beitragt.

Erstmalig wurden durch die Untersuchung von Kolostrum, Euterhaut und verschiedenen
Probenmatrizes und Lokalisationen in der Stallumgebung die Bereiche identifiziert, von denen
in Ziegenhaltungen ein besonders hohes Risiko fiir die Ubertragung der MAP-Infektion
ausgeht.

Anhand der Ergebnisse des Stallgefahrtenvergleichs konnte erstmals belegt werden, dass
eine MAP-Infektion bei Milchziegen bereits zur Verminderung der Milchleistung und zur
Beeinflussung von Parametern des EiweiRstoffwechsels fiihrt, wenn die Tiere noch keine
klinischen Krankheitszeichen aufweisen.

Da aus wirtschaftlichen Griinden bereits vor Beginn des Projektes eine Impfung des
Gesamtbestandes mit der Inaktivat-Vakzine gegen MAP erforderlich war, konnte nicht
untersucht werden, ob die Impfung die Belastung der Stallumgebung sowie des Kolostrums
und der Euterhaut der Ziegen mit MAP beeinflusst.

Aus der Sicht unserer Kooperation hat sich die Bildung einer operationellen Gruppe im
Rahmen der Europaischen Innovationspartnerschaft ,Landwirtschaftliche Produktivitat und
Nachhaltigkeit® (EIP Agri) als geeignet erwiesen, um die Innovation in der landwirtschaftlichen
Produktion voranzubringen. Die Zusammenarbeit zwischen dem landwirtschaftlichen
Primarproduzenten Hof Rdsebach, Ifta, mit dem Schaf- und Ziegengesundheitsdienst der
Thringer Tierseuchenkasse als Forschungspartner und Berater fur die Landwirtschaft sowie
mit dem FLI als Forschungspartner und Projektkoordinator war erforderlich, um die o.g.
Innovationen zu generieren. Nur so wurde das erforderliche Wissen, notwendige
Kompetenzen und Methoden zusammengefihrt und der Wissensaustausch ermdglicht.

D Zusammenarbeit der Operationellen Gruppe

Die Zusammenarbeit der Operationellen Gruppe (OG) wurde durch regelméaRige
Bestandsbesuche im Landwirtschaftsbetrieb durch Projektbeteiligte des FLI und der ThirTSK
und damit verbundene Projektberatungen gestaltet. Dies ermdglichte einen intensiven
Austausch der Partner Uber Ergebnisse der verschiedenen Untersuchungen und die daraus
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zu ziehenden Konsequenzen fir HygienemalBhahmen und Herdenmanagement im
Landwirtschaftsbetrieb. Am Projektende fand eine Abschlussveranstaltung der OG unter
Einbeziehung des Bestandstierarztes und von Vertreterinnen der Thiringer Aufbaubank statt,
in denen die Ergebnisse des Projektes vorgestellt und daraus resultierende allgemeingultige
Handlungsempfehlungen fir Ziegenbestande diskutiert wurden. Der Landwirtschaftsbetrieb
wird auch weiterhin regelmafig durch den Schaf- und Ziegengesundheitsdienst der ThirTSK
beraten und betreut.

Wahrend der gesamten Projektzeit bestand ein reger Kontakt zum Innovationsdienstleister.
Fragen beziglich der Prasentation von Projektergebnissen wurden auf diesem Wege
beantwortet sowie Einladungen zu verschiedenen Veranstaltungen kommuniziert. Aul3erdem
wurden der OG Mdoglichkeiten fur weitere Férderungen vorgestellt.

Kontakte mit anderen OGs konnten auf Grund der Spezifik des Projekts nicht geknipft werden.
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Simple Summary: The analysis of transmission routes for paratuberculosis as well as their prevention
are critical for effective disease control. The aim of the present study was to assess the importance
of colostrum and the udder skin as routes for transmission of Mycobacterium avium subspecies
paratuberculosis (MAP) within a dairy goat herd. Swabs of the udder skin and colostrum samples
were collected from goats of a paratuberculosis-infected herd during lambing season and analyzed
for MAP DNA. Additionally, cultivation of the swabs was performed. MAP could not be detected in
the colostrum. A low number of udder skin swabs was positive for MAP DNA but no bacteria could
be cultured. Because the detection methods are imperfect, the occurrence of MAP in colostrum or on
the udder skin can never be completely excluded. Therefore, present recommendations concerning
colostrum and youngstock management should still be re-evaluated, but applied in goat herds
within a paratuberculosis control program until the role of colostrum and udder skin for within-herd
transmission of MAP is further investigated.

Abstract: Oral intake of Mycobacterium avium subspecies paratuberculosis (MAP) in first days of life
is considered to be the main route of infection for paratuberculosis. This can be related to a direct
contact to contaminated feces or feeding of MAP containing colostrum. Colostrum is believed to
become contaminated either by lactogenic shedding or introduction of MAP from environmental
sources. In this pilot study, the presence of MAP in individual and bulk colostrum samples from
a paratuberculosis-infected, vaccinated dairy goat herd in Germany and the effect of udder skin
disinfection on the MAP load of colostrum were examined. In order to distinguish between lactogenic
shedding and fecal contamination, 49 udder skin swabs were cultivated on solid medium whereas
29 swabs were additionally analyzed by qPCR. qPCR was applied on 110 individual colostrum
samples collected from 55 goats, one before and one after disinfection with a mycobactericidal
disinfectant, and 14 bulk colostrum samples. MAP DNA was detected in 10.3% (3/29) of the swab
samples, but no viable MAP was cultivated from any sample. These results indicate a low-level
MAP contamination of the udder skin and colostrum of milking goats suggesting a low risk of MAP
transmission via these routes.

Keywords: Mycobacterium avium subspecies paratuberculosis (MAP); goats; colostrum; udder skin swab

1. Introduction

Mycobacterium avium subspecies paratuberculosis (MAP) causes a chronic wasting dis-
ease in ruminants known as paratuberculosis or Johne’s disease. Symptoms such as
emaciation despite normal feed intake, diarrhea and a decrease in milk yield are observed
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partly after years of incubation. During the subclinical stage of the disease, the pathogen
is already shed into the environment, primarily with the feces. Starting intermittent shed-
ding frequency as well as intensity increases with disease progression [1-3]. Studies also
revealed an increasing likelihood of a lactogenic shedding of MAP in animals showing
clinical symptoms [4].

Infection occurs at a very young age, usually in the first days of life. This period is par-
ticularly relevant for disease control because susceptibility for the pathogen decreases with
increasing age [5]. As the pathogen is most commonly ingested orally, MAP contaminated
colostrum may serve as a source for earliest infection [1]. MAP was first detected in milk
samples from clinically symptomatic cows in 1929 [6]. Further studies proved the presence
in milk from asymptomatic cows [7] as well as in colostrum [8].

In contrast to bovine milk, studies about the prevalence of MAP in goat milk are rare.
The percentage of DNA-positive samples varied considerably among studies, ranging from
1.94% to 37.74%. The results depended on the country where the study was conducted,
which is probably associated with the locally common husbandry conditions. A high preva-
lence was found in India, whereas it was low in Brazil, Norway and the Netherlands [9].
Currently, there is no comparable study for German goat herds.

The presence of MAP in milk can be attributed on the one hand to lactogenic shed-
ding or, otherwise, may result from external contamination occurring during or after
milking [5,8,10]. Inappropriate milking or storage of the milk can lead to contamination
with MAP containing feces or an introduction of the pathogen out of the farm environment.
MAP has been detected in bedding, water, and dust samples from cattle and sheep farms
in several studies [11-13]. In particular, herds with a high prevalence of MAP-shedding
animals are at risk of intensive indoor spread [14]. Since MAP shows a long survival time
in the environment [15], airborne spread or a transmission from burdened bedding over the
udder skin into the milk during the milking process is conceivable. Diarrhea as a clinical
symptom associated with heavy shedding of the pathogen may increase the contamination
of the bedding and thus the risk of a transmission of MAP to the udder skin of other herd
members as well.

Whether MAP can be transferred via the udder skin into the milk is not yet known. In
part, this is due to the fact that no validated methods to determine the presence of MAP on
the udder skin and in goat colostrum or milk are available.

This study focused on two different objectives. First, the prevalence of MAP on the
udder skin and in the colostrum of dairy goats of a herd in Germany should be determined.
As a carry-over of MAP from the farm environment via the udder skin into the colostrum
is a conceivable route for contamination, the effect of a disinfection of the udder skin on the
occurrence of MAP in the colostrum should be evaluated as well.

Validated diagnostic tools for the detection of MAP on the udder skin as well as in goat
colostrum do not exist. Therefore, new methods for DNA extraction had to be developed
and evaluated with respect to their limit of detection in combination with established kits
for the molecular detection of MAP.

2. Materials and Methods
2.1. Animal Welfare and Legislation

This study was carried out in strict accordance with European and national laws for
the care and use of animals. It was approved by the Animal Health and Welfare Unit of
the Thuringian State Office for Consumer Protection (file reference: 2684-04-04-BFI-20-103).
During the entire study every effort was made to minimize suffering.

2.2. Study Herd

Samples were collected from a commercial organic dairy herd of approximately
350 lactating goats in Thuringia, Germany, in March and May 2020, as well as in February
and March 2021. Fecal shedding of MAP was detected by culture in 92 out of 307 (30.0%)
of the herds’ goats in 2018. Subsequently, all adult goats and the female youngstock had
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been vaccinated with an inactivated vaccine (Gudair, CZ Vaccines, O Porrifio, Spain). Fur-
ther herd examinations in 2020 and 2021 revealed an apparent within-herd prevalence of
7.8% and 3.1% MAP shedders, respectively. Fecal shedding of each goat was repeatedly
determined by fecal culture following a standardized protocol [16]. Goats with at least one
positive culture result for MAP were considered as infected.

Rotational grazing was performed during the grazing season between May and
November when goats are only driven into the barn for milking twice a day. The deep
litter was removed before the end of the grazing season and new bedding material was
added every day as necessary ensuring clean coat and udder skin. Dried off goats were
grouped in separated pens approximately six weeks before lambing. The rotary milking
parlor was located in the building but separated from the animal area by walls. Milking
was performed without a prior cleaning of the udder or of the milking equipment within
one milking time. The first three milk yields after lambing were obtained with a separate
portable milking machine, and the milked colostrum of all goats during one milking time
was collected in a bucket and fed as bulk colostrum to the goat kids.

Kids were raised at the farm for replacement. They were separated directly after
birth and fed manually within the first five hours of life. After two further feedings of
bulk colostrum, feeding was changed to an ad libitum supply of commercial milk replacer.
During five days each of the lambing seasons in 2020 and 2021, every goat lambing within
that time was sampled for the study regardless of the individual paratuberculosis status,
body condition, age and number of parturitions. Samples were collected during the first
milking time in the rotary milking parlor. In total, 110 individual colostrum samples
and 49 swab samples from the udder skin as well as 14 bulk colostrum samples were
obtained. In addition, udder skin swabs were taken from every goat of which individual
colostrum samples were collected. From six goats, only colostrum was obtained. Four
goats were sampled twice (in 2020 and in 2021); therefore, 55 individual samples were
received from 51 goats. Five additional goats, not sampled individually, contributed to the
bulk colostrum samples.

2.3. Detection of MAP Contamination of Udder Skin
2.3.1. Evaluation of Sampling Method for Swab Samples
Preparation of Bacteria

A dilution series was prepared consisting of a MAP-isolate (20MA0472) from a fecal
sample of a goat from the study herd. To classify the MAP strain type, the PCR according
to Collins et al. [17] was performed revealing the affiliation to the cattle-type (C-type).

The isolate was first sub-cultivated on Herrold’s Egg Yolk Agar with Mycobactin ]
and Amphotericin, Nalidixic acid and Vancomycin (HEYM, Becton Dickinson, Heidelberg,
Germany) and later transferred to Middlebrook 7H9 broth (Becton Dickinson, Heidelberg,
Germany) with glycerol (Carl Roth GmbH, Karlsruhe, Germany), Middlebrook OACD
enrichment and Mycobactin ] (Becton Dickinson, Heidelberg, Germany) for further prop-
agation at 37 °C. The suspensions optical density (OD) was measured at 580 nm and
adjusted to 0.35 ODsgy, followed by 10-fold serial dilutions (107! to 107?) in distilled water.
In total, 100 pL of each dilution was plated on Middlebrook agar 7H10 (Becton Dickinson,
Heidelberg, Germany) with glycerol (Carl Roth GmbH, Karlsruhe, Germany), Middlebrook
OACD enrichment, Mycobactin J (Becton Dickinson, Heidelberg, Germany) and ampho-
tericin B (Sigma Aldrich, Taufkirchen, Germany) to determine the bacterial counts of the
suspension. Colony counts were obtained after 5 weeks of incubation at 37 °C.

Sampling Using Dry and Moistened Cotton Swabs

The udder skins of three adult goats from a paratuberculosis non-suspect herd were
obtained after regular slaughter at a slaughterhouse. They were used to determine and
compare the detection limit for MAP after sampling with dry and moistened cotton swabs.
Remains of the glandular tissue were removed from the skins and 24 pieces of 10 cm? each
were cut out and fastened on polystyrene pads.
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A total of 1 mL of the 1072, 1074, 107¢, 108 and 10~? dilution as well as a distilled
water control was evenly applied to four skin pieces each. After overnight drying, two of
the four prepared skin pieces were sampled with dry sterile cotton swabs (Heinz Herenz
Medizinalbedarf GmbH, Hamburg, Germany) and two pieces were sampled with sterile
cotton swabs moistened with distilled water. Two swabs were gently rubbed over each
skin piece. Sticks were shortened and both swabs were transferred together into a sterile
tube and stored at —20 °C.

A second trial using only dry cotton swabs to increase the number of comparable
attempts was performed. The abdominal skin of three 3-month-old goat kids from the same
farm as the adult goats which underwent necropsy for a different study was transferred
from the dissection hall to the laboratory. Hair and subcutaneous fat were removed. Five
pieces of 10 cm? each were cut out per skin and fastened on polystyrene pads. A dilution
series from 10! to 10~ was prepared and the bacterial count was determined as described
above. An amount of 1 mL of the dilution steps was applied to the skin parts and dried
overnight. The skin pieces were sampled with dry sterile cotton swabs (Heinz Herenz
Medizinalbedarf GmbH, Hamburg Germany) the same way as described above.

Real-Time PCR (qPCR)

Each sample was analyzed by qPCR and culture. Therefore, swabs were thawed within
the tube, 5.5 mL distilled water was added and the tube was placed in a shaking incubator
for 48 h at 37 °C and 50 rpm. After vortexing, 500 pL of the liquid was transferred to a
1.5 mL tube and DNA extraction was performed using the QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany). The DNA extracts were analyzed in duplicate with the ADIAVET
PARATB REAL TIME PCR kit (Adiagene, Bio-X Diagnostics S.A., Rochefort, Belgium),
a detection method based on the amplification of the insertion element 1S900 of MAP,
following instructions provided by the manufacturer. A reaction volume of 20 pL and 5 pL
DNA template was used. A negative (nuclease-free water) and a positive control (provided
within the kit) were included in each qPCR run. In total, 1 uL exogenous internal control of
amplification (EPC-Amp) was added to each sample. JPCR was run on the QuantStudio 5
(Thermo Fisher Scientific, Langenselbold, Germany). The reaction conditions were 2 min at
45 °C, 10 min at 95 °C, followed by 45 cycles of 15 s at 95 °C and 30 s at 60 °C.

Data were analyzed using the QuantStudio Design & Analysis Software, v1.5.1 (Life
Technologies, Carlsbad, CA, USA). Mean cycle threshold (C;) values of the duplicates were
determined. Samples with C; values <40.0 were considered positive. Values above the
detection limit of 40.0 were considered negative and defined as 40.01 for analysis.

Bacterial Cultivation

A total of 5 mL of 1.5% Hexadecylpyridinium chloride monohydrate solution (HPC,
Sigma Aldrich, Taufkirchen, Germany) was added to the remaining fluid and swabs in
the tube. After shaking for 20 min at 200 rpm on a platform shaker, the tubes with the
swabs were stored in the dark for 48 h at room temperature. Swabs were removed, and the
supernatants were discarded to 5 mL and vortexed. Then, 250 pL was transferred on each
of three slopes of HEYM and incubated at 37 °C for 16 weeks. Examination of bacterial
growth was conducted every second week starting after 42 days.

2.3.2. Udder Swab Samples Collected in the Study Herd
Animals

As described above, 49 milking goats were sampled directly after parturition during
the first milking time on the collection days in the lambing periods in 2020 (number of
samples (1) = 20) and 2021 (n = 29). The infection status of every participating goat
was repeatedly determined before and during the study by fecal culture following a
standardized protocol [16]. Goats with at least one positive culture result for MAP were
considered as infected. This applied for five of the 49 samples (10.2%). Detailed information
about the origin of the samples is provided in Table 1.
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Table 1. Type and number of samples from Mycobacterium avium subspecies paratuberculosis (MAP)-
positive and negative goats within the study. A bulk colostrum sample was defined as originating
from MAP-positive goats if at least one of the contributing goats was classified as MAP-positive.

Number of Number of

Sample Classification MAP-Positive Goats =~ MAP-Negative Goats Total
udder swab 5 44 49
individual colostrum from
non-disinfected udder ? 46 55
individual colostrum from
disinfected udder ? 46 55
bulk colostrum 7 7 14
Sampling

Swab samples (1 = 49) of the udder skin of the goats were taken with sterile cotton
swabs (Heinz Herenz Medizinalbedarf GmbH, Hamburg, Germany) while standing in the
rotary milking parlor. Two dry swabs were successively rubbed over both udder halves
and the teats of the goat. After shortening the sticks, both swabs were stored in a sterile
tube, frozen at —20 °C and transferred to the laboratory.

The samples from 2021 were analyzed by culture and gPCR the same way as described
above. Samples from 2020 were analyzed by culture only. Deviating from the procedure
applied in 2021, swabs were thawed within the tube and 5 mL of 0.75% HPC instead of
5 mL of 1.5% HPC were added to achieve a final concentration of 0.75% HPC in both years.
The subsequent steps of bacterial cultivation remained unchanged.

2.4. Detection of MAP in Goat Colostrum
2.4.1. Evaluation of Detection Method for MAP in Goat Colostrum

After adjusting the bacterial suspension to 0.35 ODsgp, 10-fold serial dilutions (101 to
10~8) of MAP isolate 20MA0472 were prepared in bulk goat colostrum from the studied
herd as well as in distilled water which was analyzed for bacterial counting the same
way as described above. Two times 10 mL of every dilution were processed directly
after preparation using the ADIAPURE PARATB MILK kit (Adiagene, Bio-X Diagnostics
S.A., Rochefort, Belgium) according to manufacturers” instructions to extract MAP DNA
based on immunomagnetic separation (IMS). Subsequently, the extracts were analyzed in
duplicate with the ADIAVET PARATB REAL TIME PCR kit (Adiagene, Bio-X Diagnostics
S.A., Rochefort, Belgium) under the same conditions described above and mean C; values
were determined. Samples with C; values <40.0 were considered positive. Values above
the detection limit of 40.0 were considered negative and defined as 40.01 for analysis.

The experiment was performed twice, each time with newly prepared spiked colostrum.

2.4.2. Colostrum Samples Collected in the Study Herd
Animals

As described above, 55 milking goats were sampled directly after parturition during
the first milking time. Bulk colostrum consisted of the milk from two to twelve goats.
The age of the individually sampled goats varied between one and seven years. None of
the goats showed clinical signs of paratuberculosis. Nine of the 55 individual colostrum
sample sets (16.4%) originated from goats with at least one positive fecal culture result
during regular herd examinations since 2018. A bulk colostrum sample was defined as
originating from MAP-positive goats if at least one of the contributing goats was classified
as MAP-positive. Seven of 14 collected bulks (50.0%) contained the milk of one (3/7; 42.9%)
or two (4/7; 57.1%) infected goats. Detailed information about the origin of the samples is
provided in Table 1 and Figure 1.
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Figure 1. Age distribution and Mycobacterium avium subspecies paratuberculosis (MAP) status of the
sampled goats within the study (n = 55). MAP-negative (black, n = 46), MAP-positive (gray, n = 9).

Sampling

Two colostrum samples (1 = 110) of approximately 30 mL each were obtained per
animal on the day of lambing from both udder halves while standing in the rotary milking
parlor. The first one was taken from the non-disinfected udder followed by a second sample
after cleaning with a mycobactericidal disinfectant (Sterilium Tissue, BODE CHEMIE
GmbH, Hamburg, Germany) and discard of the first milk. Furthermore, bulk colostrum
samples (n = 14) were collected for analysis. A total of 50 mL of the separate bulks were
bottled out of the collection bucket into a vial after the end of the milking time. All samples
were frozen at —20 °C directly after collection, transferred to the laboratory and kept at
this temperature until further processing.

Samples were thawed at room temperature. In total, 10 mL of each colostrum sample
was processed using the ADIAPURE PARATB MILK kit (Adiagene, Bio-X Diagnostics
S.A., Rochefort, Belgium). DNA extracts were examined in duplicate by the ADIAVET
PARATB REAL TIME PCR kit (Adiagene, Bio-X Diagnostics S.A., Rochefort, Belgium)
following instructions provided by the manufacturer. Mean C; values of the duplicates
were determined. Samples with C; values <40.0 were considered positive. Values above
the detection limit of 40.0 were considered negative and defined as 40.01 for analysis.

2.5. Data Analysis

Data analysis was performed using Microsoft Office Excel version 2019 (Microsoft
Corporation, Redmond, WA, USA). Figures were created using GraphPad Prism software
version 9.1.3 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. MAP Contamination of Udder Skin
3.1.1. Detection Limit of MAP in Swab Samples

The colony counts revealed total MAP numbers in the OD-adjusted bacterial suspen-
sions of 1.6 x 107 cfu/mL for the comparison of dry and moistened swabs (trial 1) and
2.1 x 107 cfu/mL for the following experiment with dry swabs only (trial 2).

C¢ values obtained from dry swabs were higher than from moistened swabs in the
102 dilution (31.4 vs. 29.8). This difference disappeared in the 10~# dilution (38.1 vs. 37.6)
(Figure 2a). Apart from one detection in the 10~% dilution of the MAP-suspension, C;
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C; value

values were regularly measured up to the 10~ dilution corresponding to a MAP load of
1.6-2.1 x 102 cfu/cm? of skin when dry cotton swabs were used (Figure 2b).
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Figure 2. C; values obtained for serial dilutions of Mycobacterium avium subspecies paratuberculosis
on udder skin by sampling with cotton swabs after DNA extraction using the QlAamp DNA Mini
Kit (Qiagen, Hilden, Germany) and the ADIAVET PARATB REAL TIME PCR kit (Adiagene, Bio-X
Diagnostics S.A., Rochefort, Belgium). (a) Comparison of dry (@) and moistened swabs (M) expressed
as means =+ SD; (b) Comparison of dry swabs from trial 1 and 2. Each dot represents an individual
sample. Mean C; values of the dilutions are denoted by horizontal lines.

MAP was cultivated out of all dry (5/5, 100%) and all moistened (2/2, 100%) swab
samples of the 102 dilution within six weeks after inoculation and out of 3/5 (60%) of the
dry swab samples of the 10~ dilution within six to eight weeks after inoculation. MAP
was not isolated from all other dry and moistened swabs of the dilutions 10~ to 10~.
Hence, the detection limit by culture for viable MAP on the udder skin of goats using dry
swabs is between 102 and 10* cfu/cm?.

3.1.2. Detection of MAP on the Udder Skin of Goats from a MAP-Positive Dairy Herd

MAP could not be cultivated from any of the processed swab samples (1 = 49). C; val-
ues of 35.8, 38.7 and 39.5, respectively, were detected in three of the 29 swab samples (10.3%),
which were analyzed by qPCR. All positive samples originated from MAP-negative goats.

3.2. MAP Contamination of Colostrum
3.2.1. Detection Limit of MAP in Spiked Colostrum Samples

The colony counts revealed total MAP numbers in the OD-adjusted bacterial sus-
pensions of 7.9 x 107 cfu/mL for the first trial and 3.3 x 107 cfu/mL for the second trial.
The lowest dilution in spiked colostrum giving a detectable gPCR signal was about 10~°
(Figure 3), corresponding to a MAP load of 33-79 cfu/mL. Lower bacterial counts were not
detectable. Hence, the detection limit for MAP DNA in goat colostrum is between 33 and
79 cfu/mL.

3.2.2. Detection of MAP in Colostrum of Goats from a MAP-Positive Dairy Herd

MAP could be detected neither in one of the 110 colostrum samples from 55 different
goats nor in the 14 bulk colostrum samples by qPCR. All individual colostrum samples
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obtained before and after a cleaning of the udder with a mycobactericidal disinfectant
were negative.
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Figure 3. C; values obtained for serial dilutions of Mycobacterium avium subspecies paratuberculosis in
caprine colostrum after DNA extraction using the ADIAPURE PARATB MILK kit and the ADIAVET
PARATB REAL TIME PCR kit (Adiagene, Bio-X Diagnostics S.A., Rochefort, Belgium). Trial 1 (H)
and trial 2 (@).

4. Discussion

This study analyzed colostrum samples and swabs of the udder skin from milking
goats of a paratuberculosis-positive herd to determine the prevalence of MAP on the
udder skin and in the colostrum. Furthermore, the effect of a disinfection of the udder on
the occurrence of MAP in the colostrum was evaluated to ascertain if this measure can
prevent a possible carry over of MAP out of the farm environment via the udder skin into
the colostrum.

Assessment of MAP prevalence on the udder skin as a source of contamination of
colostrum or milk was the first part of the study. For the sampling, a new protocol based on
wiping sterile cotton swabs over the udder skin was developed and tested for its sensitivity
concerning the detection of MAP DNA by qPCR and viable MAP by culture. Furthermore,
we examined if dry or moistened swabs achieved better results. MAP DNA could be
detected for amounts of 1.6 to 2.1 x 10? cfu/cm? and cultivation was successful down to
bacterial loads between 10? and 10* cfu/cm?. The direct comparison between dry and
moistened cotton swabs revealed similar C; values for DNA detection. Because of the
comparable analytic sensitivity of both variants, it was decided to use dry swabs for the
sampling of the goats in this study. This would also prevent a potential cross contamination
using the same fluid to moisten different swabs during sampling at the farm.

In contrast to Pithua et al. [10], who detected MAP DNA in 60% of teat swabs of
milking cows from a herd with paratuberculosis, in the present study, MAP could only
be detected in 10.3% (3/29) of the samples. The high C; values in combination with the
completely negative culture results indicate a low contamination of the udder skin of
dairy goats from the study herd with MAP. All positive samples originated from MAP-
negative goats. This fact and the negative results of five MAP-positive animals lead to
the assumption that the occurrence of MAP on the udder skin is independent from the
fecal MAP status of the individual goat. However, the small number of samples allows no
conclusion about the significance of this finding.
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MAP DNA was not detected in the colostrum samples of the goats before and after
disinfection of the udder skin. These results are in contrast to the common assumption that
MAP can be shed into colostrum. For dairy cows, evidence for that transmission route is
provided by some studies [4,8]. External contamination of colostrum by feces is discussed
as an alternative source for MAP introduction [5,8,10]. Because of the limited number of
studies concerning MAP detection in colostrum in small ruminants [9,18] it is difficult to
rate our results in the context of the current knowledge concerning this field of research.

The fact that MAP DNA was not found in the 55 individual colostrum samples
obtained aseptically after disinfection of the udder provided evidence that lactogenic
shedding did not occur in the goats of our study. However, it cannot be ruled out that the
MAP load of the colostrum, if any, was below the detection limit of our method, which
amounted to 33-79 cfu/mL. As the commercial test kit for the detection of MAP used in
this study was only validated for bovine milk, the detection limit for goat colostrum had
to be determined in advance. Analysis of milk samples is hampered by the high content
of protein and fat contributing to a low sensitivity of direct PCR without any further
preparation of the sample [19]. This situation worsens when colostrum has to be examined
due to its characteristic composition. Colostrum contains a higher proportion of fat, protein
and somatic cells than milk [4,20]. Sample preparation by IMS has been proven to be an
effective way to lower the detection limit of MAP in milk samples [19]. The specific method
of IMS enables the separation of the desired bacteria from other PCR-inhibiting contents
and their concentration. Using colostrum from the study herd, a limit of detection between
approximately 33 and 79 cfu/mL was revealed. This is comparable to the limits of an IMS
protocol developed by Grant [21] for the analysis of bovine milk samples with 20 cfu/mL.
Therefore, a serious failure of the detection method is unlikely.

As shown by another study, an interference between the antibodies used for IMS and
host antibodies induced by vaccination is unlikely. Djonne et al. [22] analyzed milk samples
from goats at different points of lactation with a self-designed IMS method. There was
no difference between vaccinated and unvaccinated animals concerning the percentage of
positive samples.

Currently there is no certain knowledge about the amount of MAP shed into milk
or the colostrum [23]. For infected but asymptomatic cows, a number of 2-8 cfu per
50 mL milk was suggested [7]. Stabel et al. [4] showed a relation between clinical disease
stage and probability of lactogenic shedding of MAP. In total, 12.6% of analyzed milk
samples from cows with subclinical and 49.2% from cows with clinical paratuberculosis
were positive using direct PCR. Furthermore, the amount of MAP was higher in samples
from clinically affected cows. An association between the occurrence of lactogenic and the
intensity of fecal shedding in cows was also observed [8]. In that study, MAP was more
often detected in the colostrum of high fecal shedders than of light shedders, but colostrum
from two non-shedding cows was also positive for MAP. As there was not one goat in the
clinical stage of paratuberculosis and just 16.4% (9/55) were diagnosed as infected with
MAP in our study, this may have influenced the allover negative results. Furthermore,
the whole study herd was vaccinated against paratuberculosis. The goal of this measure
was to reduce MAP-shedding and to protract the clinical stage of the disease [2]. The
probability to detect MAP in colostrum samples resulting from lactogenic shedding of the
pathogen was therefore lower as if the study would have been carried out in a herd with a
higher disease prevalence or if just infected goats or animals showing clinical symptoms of
paratuberculosis would have been sampled. Additionally, 30 out of the 55 examined goats
(54.5%) were two years or younger (Figure 1). As the severity of the disease increases with
age [1], as a consequence, the likelihood of lactogenic shedding is low, as younger goats are
more likely not to shed MAP into the colostrum. This assumption is supported by findings
of Djenne et al. [22], who analyzed milk samples from goats of different ages and revealed
that older goats showed more often positive results than younger goats. Nevertheless, the
goats selected for this investigation represent the age profile of the study herd which is
typical for a commercial dairy herd. In consideration of the limitations resulting from the
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age as well as the corresponding stage of disease and amount of shedding, we decided not
to apply any selection criteria to the sampled goats to avoid a selection bias.

Lactogenic shedding of MAP is assumed to be discontinuous as has been shown
for fecal shedding [24,25]. During the dry period, MAP is possibly transferred within
macrophages from the intestine over the lymphatic system to the udder. This can lead to an
accumulation in the colostrum because macrophages are the most common mononuclear
cells in the first milk [26,27]. This assumption was strengthened by studies where cows
were sampled several times during lactation and more colostrum than milk samples were
positive for MAP [4,8]. Similar results were observed for the lactogenic shedding in
asymptomatic sheep. However, whereas six out of 20 examined sheep showed lactogenic
shedding approximately ten days after parturition, no positive milk sample was obtained
from goats (0/9) at this point [24]. This matches the negative results of the analyzed goat
colostrum samples in our study. MAP-infected goats in the subclinical stage of disease
appear to have a lower likelihood for MAP-positive colostrum than other ruminant species.
In a study from The Netherlands, MAP could not be detected in any colostrum sample
from animals in the subclinical stage of disease, whereas it was detected in four percent
of the milk samples obtained later during lactation [18]. MAP was also detected in milk
samples from dairy goats during different timepoints of lactation in a study from India [25].
Although the number of relevant studies is very small, there seems to be a genus difference
which cannot be explained at the moment. Further studies are necessary to prove this
difference and to elucidate the pathogenetic mechanisms behind it.

In addition to the individual colostrum samples, the analyzed bulk colostrum had
also tested negative for the occurrence of MAP. These results were not surprising as the
bulk colostrum was composed of the colostrum of two to twelve goats, where MAP was
not detected in the individual samples. Even if MAP was detected in a small number of
individual samples, the dilution effect resulting from pooling of different colostrum would
have led to a further reduction of MAP per mL, possibly below the detection limit. Bulk
colostrum in the study herd is prepared by milking individual goats into a container using
a separate milking machine. This practice does not seem to be a source of contamination of
the colostrum with MAP from the environment.

Due to the detection limit of 33-79 cfu/mL, the negative bulk colostrum samples can
contain a small number of MAP, as already discussed. If this amount per mL is summed
up to the recommended amount of colostrum of about 500 mL that the kid should receive
within the first day of life, this can cause a total MAP intake of up to 10* cfu. Compared
to an assumed infectious dose of 50 to 1000 cfu [26], an infection remains possible. This
underlines the necessity of good colostrum management in the herd.

Despite the missing detection of MAP in the analyzed colostrum samples, general rec-
ommendations concerning youngstock rearing in paratuberculosis-infected herds should
be applied. This includes the feeding of colostrum only from MAP-negative goats. Further-
more, the feeding of bulk colostrum is critical and should be avoided wherever possible.
This may reduce the potential spread of even low numbers of MAP to several kids in herds
with a high prevalence of MAP-shedding goats. Moreover, hygienic collection, storage and
feeding is the basis for a good kid health in general. This can also include a preventive
disinfection or cleaning of the udder before milking colostrum to minimize contamination
with MAP as well as other bacteria.

In the present study, the assumed transfer of MAP over the udder skin into the
colostrum could not be proven because most of the udder skin swabs were negative and
MAP could not be detected in the colostrum samples before disinfection. Nevertheless,
this finding remains a hypothesis and should be further examined. The presumably higher
prevalence of MAP on the udder skin of dairy cows in comparison to goats suggests
performing such a study in cattle as well.
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5. Conclusions

MAP DNA could not be detected in colostrum samples from milking goats of a
paratuberculosis-positive vaccinated herd. Despite contamination of the farm environment
due to fecal shedders, the transmission of MAP onto the udder skin is low. The results
suggest a minor risk of MAP transmission into the colostrum from the udder skin during
the milking process. These findings stand in contrast to results from dairy cows where
MAP detection in both sample types has been reported. As this pilot study only analyzed
a small number of samples from one farm, further studies in dairy goat herds have to be
conducted to confirm reproducibility of the presented results, preferably using the methods
evaluated for this study to ensure comparability.

Common recommendations concerning colostrum and youngstock management for
herds of small ruminants are often derived from cattle. With respect to the assumed
differences between these genera concerning the presence of MAP in colostrum, recom-
mendations regarding hygiene improvement for the control of paratuberculosis in small
ruminants should be re-evaluated.
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Simple Summary: Paratuberculosis is a chronic inflammatory disease leading to emaciation and
production losses in ruminants. Important aspects of disease control are the detection of infected herds
and environmental areas where contact between animals and the causative pathogen Mycobacterium
avium subsp. paratuberculosis (MAP) is possible. Bedding, dust, feed, and water samples were
collected from the barn of a paratuberculosis-infected dairy goat herd and analyzed for culturable
MAP and MAP DNA. Cultivation was successful in 28 bedding and one dust sample, while MAP
DNA was detected in 117 out of 256 samples from all materials. Samples collected from areas of
high animal traffic, such as the milking parlor, were more likely to reveal positive results than adult
and young goat areas. Positive culture results were also obtained from kidding pens, constituting
this barn area as a possible infection site. Overall, environmental sampling may be suitable for
the detection of MAP in goat herds and the identification of potential critical areas for pathogen
transmission. These results should be taken into account for paratuberculosis control programs in
goat herds to improve their efficiency and, thus, animal welfare.

Abstract: Environmental samples are often used to classify the paratuberculosis status of cattle herds.
The disease is caused by Mycobacterium avium subsp. paratuberculosis (MAP), predominantly through
oral ingestion during infancy. In this explorative study, the presence of MAP was determined in the
barn environment of a paratuberculosis-infected vaccinated dairy goat herd. A total of 256 bedding,
dust, feed, and water samples were collected at eight time points and examined using culture and
gPCR. Detection rates of both methods were compared, and factors determining MAP confirmation
were identified. MAP was cultured from 28 bedding and one dust sample, while MAP DNA was
detected in all materials (117/256). Samples from high animal traffic areas and those collected during
the indoor season were more likely to yield positive culture and qPCR results. Cultivation of MAP
from kidding pens indicated this area as a possible infection site. Dust proved to be the most suitable
material for detecting MAP DNA, as bedding was for MAP culture. Environmental sampling was
demonstrated to be an effective way to detect MAP in a dairy goat herd. qPCR results could confirm
herd infection, while culture results provided insight into crucial areas for MAP transmission. These
findings should be considered when designing farm-specific paratuberculosis control plans.

Keywords: small ruminants; Johne’s disease; MAP; environmental sampling; bedding; dust; feed;
water; transmission; control program
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1. Introduction

Paratuberculosis is a chronic inflammatory intestinal disease of major economic im-
portance in domestic ruminants. It is caused by an infection with Mycobacterium avium
subsp. paratuberculosis (MAP) which usually occurs in the first days of life. The slow disease
progression results in a long incubation period until symptoms such as diarrhea, decreasing
milk yield, and emaciation up to death appear. Possible routes of transmission include oral
ingestion of the pathogen, inhalation, or in-utero infection [1-6].

MATP is shed with the feces of infected animals and can remain infectious in the
environment for almost one year, even outside a suitable host [1,7]. Detection of MAP
in samples taken from the immediate environment of the animals can be exploited in
two directions. First, when applied in the monitoring of paratuberculosis, this approach
can be used for the identification of MAP-positive herds, ensuring a high probability
of truly positive results. This is an important aspect of many control programs [8-10].
Environmental sampling for MAP detection, whether molecular biological or cultural,
is considered to be cost-effective and highly specific [10-12]. Secondly, this diagnostic
approach can identify areas with a high bacterial load that may serve as infection sources
for susceptible animals in the herd. This can be valuable information in the framework of
veterinary risk assessment within a herd aiming to improve hygiene and management.

Most studies concerning MAP detection in environmental samples have been con-
ducted in cattle farms. Due to the partly considerable differences in the husbandry con-
ditions of cattle and small ruminants, it is not possible to transfer the results obtained to
other animal species without further verification. Only one previous study focused on
grazing sheep flocks, including some combined herds of sheep and goats [13]. Systematic
environmental sampling in dairy goat barns has not yet been conducted.

Different materials have been analyzed for the presence of MAP. As the pathogen is
shed with feces, most studies conducted focused on manure samples. However, MAP has
also been found in dust, water, feed, and soil samples from in and outside the barn [9-17].
A comparison between different matrices collected in the same barn to determine which
is best suited for MAP detection in goat barns has been lacking. Barn areas with high
animal traffic, such as alleyways and the milking parlor, revealed the highest incidence of
MAP-positive samples in several studies in cattle, whereas calving pens and youngstock
areas were less affected [9-12,18]. In this regard, both culture and qPCR appear to be
appropriate detection methods and comparable in terms of their performance [14-16].
However, herds with a low prevalence may be misclassified as uninfected due to negative
environmental samples caused by intermittent pathogen shedding or dilution as well as
dissemination effects [17]. For this reason, repeated collection of multiple environmental
samples is recommended to increase sensitivity [9,19,20].

The approach of drawing implications for disease management from environmental
sampling results has been rarely investigated in cattle [21] but so far not in goats. The main
objective during youngstock rearing should always be to prevent exposure of kids, lambs,
and calves to MAP as long as possible. Although the minimal infectious dose has not yet
been determined, the later exposure occurs, and the less MAP is taken up, the lower the
likelihood for successful infection and or fast clinical expression may be [1,22,23]. High-
risk areas for pathogen transmission should be identified, results critically evaluated, and
measures for MAP reduction and contact minimization implemented in every individual
farm-level paratuberculosis control plan.

Here, we present the results of an explorative study conducted on one dairy goat farm.
It focused on MAP detection in environmental samples from a goat barn, as previously
shown for cattle and sheep farms. The objective was to evaluate the suitability of different
sample materials, sites, seasons, and analysis methods (qQPCR and culture) for identifying a
paratuberculosis-infected goat herd. In addition, the study aimed at determining crucial
barn areas for exposure of kids to MAP to enable their integration into management
strategies for effective disease control.
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2. Materials and Methods
2.1. Animal Welfare and Legislation

The study was approved by the Animal Health and Welfare Unit of the Thuringian
State Office for Consumer Protection (file reference: 2684-04-04-BFI-20-103) and carried
out in accordance with European and national laws. Every effort was made to minimize
suffering.

2.2. Study Herd

The study was conducted in an organic dairy goat farm in Thuringia, Germany, be-
tween 2020 and 2022. The herd was affected by paratuberculosis. MAP was first confirmed
culturally in 2018 in different tissues of a clinically affected goat after diagnostic necropsy.
Because of numerous clinical cases, all adult goats and the annual female youngstock were
subsequently vaccinated with an inactivated vaccine (Gudair, CZ Vaccines, O Porrifio,
Spain), while goats showing severe clinical signs of paratuberculosis were culled.

Young and adult goats were kept in loose housing on deep litter in different open pens
within the same building. The rotary milking parlor was located in a separate part of the
building attached to the animal husbandry area. The parlor was entered from a passage
from the waiting area adjacent to a part of the lactating goat pen. All lactating goats were
driven into the waiting pen for milking twice a day.

Kids were raised at the farm for replacement. They were separated from the doe
immediately after birth. About 20 age-grouped kids each were kept in temporary detached
pens until reaching a body weight of about 15 kg. At about five months of age, the juvenile
goats were moved from the group pen in the kid-rearing area to the juvenile goat pen
on the opposite side of the building, and the kid pens were deconstructed afterwards.
The kid-rearing area was cleaned and disinfected using white hydrated and slaked lime
(calcium hydroxide) before new kid pens were built during the next kidding season.

Rotational grazing was performed during the grazing season between May and
November. Young goats were turned out to graze after their first kidding. In 2020 and 2021,
dried-off goats were grouped in separate pens approximately two months before kidding,
whereas no dry goat/kidding pens were set up in 2022. The deep litter was removed from
the pens before the end of each grazing season, followed by cleaning and disinfection using
slake lime. In between, new bedding material was added every day as necessary to ensure
clean udder skins and coats.

2.3. Study Design

Environmental samples were collected at eight environmental sampling events (ES)
between 2020 and 2022. ES 1, 2, and 3 were conducted within a six-month interval, while
the sampling frequency was enhanced to approximately every three months from ES 4
onwards (Figure 1).

January 2018 April 2020 October 2020 May 2021 November 2021 May 2022
INITIAL HS HS HS HS HS HS

2018 2020 L ‘ 2021 Jx J 2022 ‘
1 Y ae ae $ ae P

|2
I 7 A A4 78 T T “ 7% T 7% 78

May 2020 December 2020 May 2021 August 2021 February 2022 July 2022
ES1 ES2 ES3 ES4 ES6 ES8
November 2021 April 2022
ES5 ES7

Figure 1. Sampling schedule for fecal and environmental samples between 2018 and 2022. HS = herd
sampling (¢), ES = environmental sampling (X). Grazing seasons are marked as green boxes.
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Herd sampling to determine fecal shedding of MAP was first conducted in February
2018 and then biannually between 2020 and 2022 (Figure 1).

2.4. Environmental Sample Collection

The following nine sampling sites were defined: entrances to the barn, waiting area
in front of the milking parlor, milking parlor, exit of the milking parlor, lactating goat pen
(divided into four quadrants: Q1-Q4), dry goat/kidding pen(s), buck pen, juvenile goat
pen, and goat kid pen(s). If more than one dry goat/kidding or goat kid pen existed at the
same time, each pen was sampled individually. Four different materials (bedding, dust,
water, feed) were collected from each site if available. Due to herd management, it was
not possible to sample all locations or collect all different sampling materials at each ES. A
detailed breakdown of all collected environmental samples (1 = 256) at the respective ES
and sampling sites is provided in Appendix A (Table A1).

Bedding material from approximately five spots within a whole pen or pen quadrant
was combined into one composite sample. Deviating from this procedure, four individual
samples were collected from kidding pens. Feed samples were collected out of racks or from
the ground when forage was offered in front of the respective pen. Each feed and bedding
sample was collected manually using a fresh glove. The samples contained between 50 and
250 g of forage or bedding with fecal material. The material was placed in a plastic bag,
transferred to the laboratory, and stored at —20 °C. Dust samples were scraped from the
surface of the barn facilities in a 50 mL tube using a scalpel. Water from drinking troughs
was collected using a 1 L vial scooped through the trough. Dust and water samples were
transferred to the laboratory and stored at room temperature until further processing.

2.5. Sample Preparation and Analysis
2.5.1. Fecal Samples

Fecal samples from every goat older than one year were examined by bacterial culture
according to the official manual of diagnostic procedures published by the Friedrich-
Loeffler-Institute [24]. In short, 3 g of feces were decontaminated over 48 h at room
temperature using 30 mL of 0.75% hexadecylpyridinium chloride monohydrate solution
(Sigma Aldrich, Taufkirchen, Germany). The supernatants were discarded, and 200 pL of
the remainder were transferred on each of three slopes of Herrold’s Egg Yolk Agar with
Mycobactin ] and Amphotericin, Nalidixic acid and Vancomycin (HEYM, Becton Dickinson,
Sparks, MD, USA). Cultures were incubated at 37 °C for up to six months. Examination of
bacterial growth was conducted every second week, starting after 42 days. The presence of
MAP was confirmed by IS900 PCR [25] of characteristic colonies.

2.5.2. Bedding and Feed Samples

Samples were thawed overnight and processed according to Whittington et al. [7],
modified as follows: 50 g of each sample was placed in a lockable plastic container. Then,
500 mL of sterile distilled water was added to cover the material completely. After inten-
sively shaking by hand, containers were agitated in a shaking incubator overnight at 37 °C
and 50 rpm. Stepwise, the liquid was poured off and collected in 50 mL vials, followed by
centrifugation at 4200 rpm for 20 min. Two aliquots of 3 g each from the obtained pellet
were portioned into two vials for further cultural and molecular biological examination.
If the total pellet weight was below 6 g, the pellet was divided into two equal parts, and
volumes of further additives were adjusted proportionally.

Based on the procedure applied to the fecal samples, the first aliquot of this pellet was
processed for bacterial cultivation in the same way as described above using three slopes
of HEYM (Becton Dickinson, Sparks, MD, USA). Examination of bacterial growth was
conducted over six months, and the presence of MAP was confirmed by I1S900 PCR [25] of
characteristic colonies. Based on the approach of Kohler et al. [26], a colony score (CS) from
0 to 5 was used to estimate MAP growth semi-quantitatively (0 = 0; 1 = 1-10; 2 = 11-20;
3 =21-50; 4 = 51-100 individual colonies per slope; 5 = bacterial lawn). The week of ap-
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pearance (WA) was also documented. For numerical estimation of the MAP concentration
in the sample, a growth index (GI) for each slope was calculated using the formula:

GI=CS x 100/WA 1)

followed by determination of the mean of all inoculated slopes of the sample.

For qPCR analysis, 20 mL of sterile distilled water was added to the second aliquot of
the pellet. After vigorous vortexing, the sample was left in an upright position for 20 min
at room temperature for sedimentation. Then, 10 mL of the supernatant was centrifiltrated
at 3000x g for 5 min using an ADIAFILTER (Adiagene, Bio-X Diagnostics S.A., Rochefort,
Belgium) to concentrate bacteria and remove PCR-inhibiting substances. The resulting
pellet was suspended in 500 pL sterile distilled water. Then, 300 mg zirconia/glass beads
(Carl Roth GmbH + Co. KG, Karlsruhe, Germany) were added and the sample was placed in
a Mixer Mill MM 400 (Retsch GmbH, Haan, Germany) for 10 min at 30 Hz to mechanically
disrupt contained bacteria and centrifugated at 15,000x g for 5 min afterwards. DNA
extraction was performed from the supernatant using a QlAamp DNA Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions. The DNA extracts were
analyzed in duplicate with the ADIAVET PARATB REAL TIME PCR kit (Adiagene, Bio-X
Diagnostics S.A., Rochefort, Belgium), a detection method based on the amplification of the
insertion element IS900 of MAP, following instructions provided by the manufacturer. Data
were analyzed using QuantStudio Design & Analysis Software, v1.5.1 (Life Technologies,
Carlsbad, CA, USA). Cycle threshold (C;) values of the duplicates were determined. Values
without a specific qPCR signal were assigned to 45.0. The mean C; values of the duplicates
were calculated and used for sample classification. Samples with mean C; values < 40.0
were considered positive, and values > 40.0 were considered negative.

2.5.3. Dust Samples

A total of 20 mL of sterile distilled water was added to each sample and the tube
vigorously vortexed. After overnight incubation at room temperature, the liquid was
divided into two aliquots, and each aliquot was centrifiltrated at 3000 x g for 5 min using an
ADIAFILTER (Adiagene, Bio-X Diagnostics S.A., Rochefort, Belgium). Supernatants were
discarded, and the pellets were further used, one for cultural and one for qPCR analysis as
described above, with slight modifications. The pellet used for bacterial cultivation was
decontaminated with only 5 mL of 0.75% hexadecylpyridinium chloride monohydrate
solution (Sigma Aldrich, Taufkirchen, Germany).

2.5.4. Trough Water Samples

The whole sample volume of 1 L was stepwise centrifugated in tubes of 50 mL at
4200 rpm for 20 min. The resulting pellet was suspended in 2 mL of sterile distilled water,
from which 1 mL was further processed for bacterial cultivation according to the method
described for the dust samples.

From samples obtained during ES 1, 2 and 3, 500 uL of the remaining 1 mL specimen
were processed for qPCR analysis as described for the bedding and feed samples. From ES
4 onwards, 9 mL sterile distilled water was added to the remaining 1 mL specimen, and
further DNA extraction was performed using the ADIAPURE PARATB MILK kit (Adiagene,
Bio-X Diagnostics S.A., Rochefort, Belgium) according to the manufacturer’s instructions
to extract MAP DNA by immunomagnetic separation. Subsequently, the extracts were
analyzed in duplicate with the ADIAVET PARATB REAL TIME PCR kit (Adiagene, Bio-X
Diagnostics S.A., Rochefort, Belgium) under the same conditions as described above.

2.6. Data and Statistical Analysis

The Kappa coefficient was calculated for dichotomized MAP detection results (positive
or negative) in environmental samples using culture and qPCR to measure the agreement
between both detection methods. The result was classified as described by Landis and
Koch [27].
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Spearman’s rank correlation coefficient was calculated to analyze the relationship
between the GI (semi-quantitative culture result) and C; values from qPCR sample analysis
for all analyzed samples as well as each individual material if at least one positive culture
result was obtained.

Characteristics listed in Table 1 were recorded for each environmental sample. The
sampling sites were assigned to the following sampling locations: adult goat area (lactating
goat pen, dry goat/kidding pen, buck pen), high animal traffic area (waiting area in front of
the milking parlor, milking parlor, exit of the milking parlor), and youngstock area (juvenile
goat pen, goat kid pen). Entrances to the barn were allocated to high animal traffic area
during the grazing season and to adult goat area during the indoor season.

Table 1. Overview of recorded characteristics and conditions of environmental samples. (MAP =
Mycobacterium avium subsp. paratuberculosis, HS = herd sampling).

Characteristic Conditions

Bedding

. Dust
Material Feed

Water

Adult goat area
Location High animal traffic area
Youngstock area

Grazing

Season
Indoor

Number culture-positive fecal

Percentage of MAP shedders at nearest HS samples/number analyzed fecal samples x 100

Logistic regression models were used to determine the likelihood of a positive envi-
ronmental culture and qPCR result related to the sample characteristics. The dichotomized
result of MAP detection by the respective method was set as the dependent variable. Mate-
rial, location, and season as categorial, as well as the percentage of MAP shedding goats
at the nearest herd examination as a numeric independent variable, were entered into the
qPCR model. Because there were no cases in certain characteristic condition groups, the
independent variable ‘material” was excluded from the culture model. For the same reason,
samples from the youngstock area were not included. The fit of the models was assessed
using the —2 log-likelihood value.

In general, the statistical significance level was set at p = 0.05. Data evaluation and
statistical analysis were performed using Microsoft Office Excel version 2019 (Microsoft
Corporation, Redmond, WA, USA) and MedCalc version 14.8.1; (MedCalc Software Ltd.,
Ostend, Belgium). Figures were created using MedCalc and Microsoft Visio version 2019
(Microsoft Corporation, Redmond, WA, USA).

3. Results
3.1. Herd Examination Using Fecal Culture

Herd examination using fecal culture was conducted six times between 2018 and 2022.
Only a small number of the inoculated slants showed fungal growth. However, this did not
result in any sample that could not be assessed. The proportion of positive fecal samples
dropped from 30.0% (January 2018) to 1.7% (May 2022) over the period of four years, but
fecal shedding was present at all time points during the study period (Table 2).



Animals 2023, 13, 1688

7 of 18

Table 2. Number and culture result of fecal samples collected during six examinations between 2018
and 2022 from goats older than one year.

L Number of Positive Fecal Culture

Herd Examination Collected Samples . %
2018 January 307 92 30.0
2020 April 286 27 94
2020 October 309 16 5.2
2021 May 414 13 3.1
2021 November 382 9 24
2022 May 407 7 1.7

3.2. Analysis Results of Environmental Samples

MAP was cultivated out of 28 (25.2%) bedding samples and one (1.8%) dust sample,
whereas all water and feed samples were negative for viable MAP. This adds up to cultural
MAP detection in 10.5% (29/256) of all environmental samples. Calculated GI ranged
from 3.85 to 50.00 (see also Table 4). Fungal growth was partially observed in some dust
samples and a few bedding samples, especially towards the end of the cultivation period.
Positive culture results were obtained at 7 of 8 sampling time points. In August 2021 (ES4),
cultivation of MAP was not possible from any environmental sample (Table A2). Culture-
positive samples were obtained from various sites of the goat housing area but not from the
youngstock area. Bacterial cultivation succeeded several times from bedding samples from
the kidding pen and lactating goat pen as well as the milking area (waiting area, parlor,
and exit). This area showed the most culture-positive bedding samples (47.6%), while the
milking parlor was the sampling site with the highest proportion of MAP-positive samples
(6/8; 75.0%). These sites, grouped together with the barn entrance during the grazing
season as areas of high animal traffic, yielded 44.4% (12/27) of the culture-positive bedding
samples. Bedding samples from other areas of the lactating goat pen were culturally
positive in 38.1% of cases, and thus, this was the sampling site with the second most MAP
detections. Kidding pens of adult goats were ranked third with 34.8% (8/23) (Figure 2).
The culture-positive dust sample was collected from a kidding pen.

Positive qPCR results were obtained from 37 (64.9%) dust, 55 (49.6%) bedding, 12
(34.3%) water, and 13 (24.5%) feed samples, resulting in MAP DNA detection in 45.7%
(117/256) of all environmental samples. The lowest measured C; value was 27.57, obtained
from a water sample. Minimum values of the other matrices were 28.58 (bedding), 31.29
(dust), and 36.11 (feed). The mean C; value over all positive samples from all matrices was
35.62 (see also Table 4). During every ES, MAP DNA was detected in dust and bedding
samples, whereas this was not the case for water and feed specimens (Table A2). In contrast
to MAP culture, positive qPCR results were obtained from all areas of the stable, including
the area of youngstock rearing and the buck pen (Figure 3).
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Figure 2. Heatmap indicating the percentage of culture-positive bedding samples for Mycobacterium
avium subsp. paratuberculosis from the different sampling sites in the dairy goat barn over the study
period. Dry goat/kidding pens (D) were set up temporarily within quadrants Q1 and Q2 during the
kidding season in 2020 and 2021.
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Figure 3. Heatmap indicating the percentage of qPCR-positive bedding (A) and dust (B) samples for
Mycobacterium avium subsp. paratuberculosis from the different sampling sites in the dairy goat barn
over the study period. Dry goat/kidding pens (D) were set up temporarily within quadrants Q1 and
Q2 during the kidding season in 2020 and 2021. No dust samples were collected from the barn exits
(E), the milking parlor (G), and its exit (H).
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3.3. Statistical Analysis
3.3.1. Cohen’s Kappa
A slight agreement (k = 0.20, 95% CI 0.11-0.28) [27] was observed between the MAP

detection results (positive or negative) from environmental sample analysis by cultivation
and qPCR (Table 3).

Table 3. Contingency table of Mycobacterium avium subsp. paratuberculosis detection results by culture
and qPCR from 256 analyzed environmental samples used for Kappa test analysis.

Culture Result

qPCR Result Y
Negative Positive
Negative 135 (52.7%) 4 (1.6%) 139
Positive 92 (35.9%) 25 (9.8%) 117
Y 227 29 256

3.3.2. Spearman’s Rank Correlation

GI (semi-quantitative culture results) for cultivation on HEYM and qPCR C; values
of all environmental samples were significantly negatively correlated, with a correspond-
ing Spearman’s rank correlation coefficient of p = —0.401 (95% CI —0.499-—0.293). Bed-
ding samples revealed the strongest correlation (p = —0.529), followed by dust samples
(p = —0.204). No correlation was calculated for feed and water samples due to complete
negative culture results (Figure 4, Table 4).

B Dust (n =57) C Feed (n =53) D Water (n = 35)
45 o 45 Jo 45 o
43 1 43 431
. i f
41 41 41
|
39 39E 391
g 37 v 37 g 37 E
SR U35 U35
o
° . |
33 1 33 33
o
311 31 31
29 1 29 29
o
27 4 27 27
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Growth index Growth index Growth index

Figure 4. Distribution of the C; values of gPCR analysis relative to the calculated growth index (semi-
quantitative culture results) of Mycobacterium avium subsp. paratuberculosis in the different sampling
materials (A): bedding, (B): dust, (C): feed, (D): water displayed with the qPCR classification cut-off
(40.0; dashed line).



Animals 2023, 13, 1688 10 of 18

Table 4. Spearman’s rank correlation for growth index (GI) and C; values of environmental samples
tested for Mycobacterium avium subsp. paratuberculosis using bacterial culture and qPCR.

Mean GI of Culture Mean C; of qPCR Positive
Material p p-Value Positive Samples Samples (Minimum,
(Minimum, Maximum) Maximum)

All —0.401 <0.001 * 14.64 (3.85, 50.00) 35.62 (27.57, 39.52)
Bedding —0.529 <0.001 * 15.01 (3.85, 50.00) 34.41 (28.58, 39.08)
Dust —0.204 0.128 4.17 (4.17,4.17) 36.52 (31.29, 39.02)
Feed — — — 38.03 (36.11, 39.52)
Water — — — 35.79 (27.57, 38.78)

p = Spearman’s rank coefficient. *: p < 0.05.

3.3.3. Logistic Regression

The logistic regression model for positive gPCR results revealed no significant effect of
the percentage of MAP-shedding goats on the likelihood of MAP DNA detection (p = 0.07).
The odds for a positive qPCR result were higher in dust than in any other material, with
an odds ratio (OR) of 2.49 compared with bedding as reference and for samples collected
during the indoor season with an OR for grazing season of 0.49. Samples from feed had a
lower OR (0.385) than bedding. Further, samples collected from areas of high animal traffic
were associated with higher odds for MAP DNA detection (OR: 3.03) compared to those
from areas where adult goats are kept, while no difference was observed between the latter
and samples from youngstock areas (p = 0.095) (Table 5).

Table 5. Outcome of the logistic regression model to estimate the relationship of the qPCR results of
Muycobacterium avium subsp. paratuberculosis (MAP) to different environmental sample characteristics.

Positive Negative
Characteristic qPCR Result qPCR Result B2 S.E.Pp p-Value OR ¢ 95% CI 4 (OR)
n % n %
Bedding 55 49.55 56 5045 reference — — — —
Material Dust 37 64.91 20 35.09 0.913 0.363 0.012* 2.49 1.22-5.08
ateria Feed 13 2453 40 7547  —0965 0399 0.016 * 0.38 0.17-0.83
Water 12 34.29 23 65.71 —0.359 0.431 0.405 0.70 0.30-1.63
Adult goat 70 44.87 86 55.13  reference — — — —
area
) High animal "
Location traffic area 23 71.88 9 28.12 1.109 0.475 0.020 3.03 1.20-7.68
Yougrizt“k 24 3529 44 6471 —0563 0338 0.095 0.57 0.29-1.10
S Grazing 25 40.32 37 59.68 —0.710 0.342 0.038 * 0.49 0.25-0.96
cason Indoor 92 4742 102 5258 reference — — — —
Percentage of MAP shedders at nearest herd sampling —0.105 0.058 0.069 0.90 0.80-1.01

2 B: logistic regression coefficient, b g E.: standard error, © OR: odds ratio, 4 95% CI: lower and upper limits of the
95% confidence interval. *: p < 0.05

Another logistic regression was performed for positive culture results. The sampling
location was modified by only distinguishing between high animal traffic areas and adult
goat areas because MAP was not cultivated out of any sample collected from the youngstock
area. The season and the percentage of MAP-shedding goats in the herd at the nearest
herd examination were used in the same way as in the model described above. Of the
three variables entered into the regression model, the location and season contributed
significantly to the prediction of a positive culture result (p = 0.029; p = 0.034), while
the percentage of MAP-shedding goats showed no significant effect. The odds for MAP
cultivation were higher in samples collected from high animal traffic (OR: 3.34) compared
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to those from other adult goat areas. In addition, sampling during grazing season revealed
a lower likelihood (OR: 0.24) for positive culture results (Table 6).

Table 6. Outcome of the logistic regression model to estimate the relationship of the culture results
for Mycobacterium avium subsp. paratuberculosis (MAP) to different bedding sample characteristics.

Positive Negative
Characteristic Culture Result  Culture Result B2 SEP B p-Value OR ¢ 95% CI 4 (OR)
n % n %
Ad‘;ifoat 16 2712 43 7288 reference  — — — —
Location . .
Highanimal 0y 0 15 5556 1025 0.552 0.029 * 3.34 1.13-9.84
traffic area

S Grazing 4 18.18 18 81.82 —1.443 0.681 0.034 * 0.24 0.06-0.90

cason Indoor 24 37.50 40 6250 reference = — — — —
Percentage of MAP shedders at nearest herd sampling —0.105 0.058 0.069 0.90 0.80-1.01

2 B: logistic regression coefficient, ® S.E.: standard error, © OR: odds ratio, 4 95% CI: lower and upper limits of the
95% confidence interval. *: p < 0.05

4. Discussion

This study was the first to evaluate the presence of MAP in various environmental
materials collected from a dairy goat barn. The results allowed us to derive recommen-
dations (1) for suitable sampling sites for the identification of infected goat herds using
environmental sampling and (2) for measures to reduce MAP exposure of goat kids by
classification of potential high-risk areas in the barn.

Overall, the detection of MAP in environmental samples was possible by both, gPCR
and culture. This led to the conclusion that environmental samples are a suitable matrix for
paratuberculosis confirmation in dairy goat herds. However, certain limitations must be
considered.

MAP was only cultivated from bedding and dust, whereas samples from all materials
were MAP DNA-positive. Dust samples had a significantly higher probability for gPCR-
positive results than the other sampling matrices, while 96.6% of the culture-positive
environmental samples were obtained from bedding. This indicates that the environmental
sampling material should be selected depending on the intended analysis method.

The agreement between both detection methods was assessed as slight (k = 0.20). This
is mainly caused by 93 samples (35.9%) that were qPCR-positive but culture-negative. Fecal
shedding of MAP by infected animals leads to the spread of the pathogen in the environ-
ment and, thereby, to multiple potential infection sources [5,13]. The first contact material,
if present, would be bedding. Drying of the feces in combination with air circulation can
lead to dissemination and sedimentary deposition. This sediment, which may or may not
contain MAP, can settle on the bedding itself, on feed and water surfaces, or accumulate
as dust on diverse objects in the barn [28]. The main factor for higher odds of MAP DNA
detection in the dust samples is probably accumulation. Fresh forage is presented twice
a day, the water in all troughs is changed daily, and new bedding material is provided
when necessary. In contrast, the barn is only cleaned once a year in total, which provides a
long period of time for dust to accumulate on the surfaces of barn facilities. In addition,
Eisenberg et al. [14] showed that even after a cattle farm was completely destocked and
cleaned with a high-pressure cleaner, MAP DNA could be found in analyzed dust samples.
MAP can survive outside a suitable host for up to one year if appropriate environmental
conditions are present [7]. However, in addition to viable, JPCR methods can also detect
non-viable pathogens. Moreover, the existence of dormant or viable but non-cultivable
states is confirmed for MAP. Dormancy describes the ability of bacteria to survive as a
non-spore-forming cell without replication, mainly induced by unfavorable environmental
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conditions [7]. Bacteria in this reversible state may have also been detected by qPCR but
caused false negative culture results.

Sample handling might also play a role in the rate of detection of culturable MAP.
Freezing environmental manure samples before cultural analysis leads to lower numbers
of cultivated colony-forming units per sample compared to direct sample processing [15].
In addition, decontamination during the cultivation process may adversely affect MAP
viability. For samples containing small numbers of MAP which may be irregularly dis-
tributed, pellet partitioning during sample preparation can lead to false negative results
of one or both analytical methods. This is demonstrated by four bedding samples from
which MAP could be cultivated while being negative in qPCR. The impact of the envi-
ronmental sample preparation methods used in this study on the analytical sensitivity of
cultural and molecular biological MAP detection was not determined. Principle procedures
were based on techniques successfully used in former studies [7,14]. A decrease of 102
viable organisms was identified for soil samples spiked with feces from paratuberculosis-
infected animals [13], leading to the assumption that low numbers of culturable MAP in
the environmental samples may not have been detected, resulting in false negative sample
classification. Taking all the mentioned factors into account, an underestimation of the true
contamination of the barn environment with viable MAP is likely.

Nevertheless, a negative correlation between the C; value and the GI was observed.
A comparable relationship was reported for environmental manure samples from dairy
cow herds in the US [15]. The Spearman’s rank correlation coefficient reported by Aly
et al. [15] for frozen environmental samples (p = —0.611) was higher than the one calculated
in the current study for all sampling materials (p = —0.401). However, when only bedding
samples, which would be equivalent to the manure samples, were considered, the negative
correlation was even stronger (p = —0.529), demonstrating the influence of the sample
material.

Since there are no former studies concerning MAP detection in dairy goat barns,
comparisons can only be made with studies conducted in cattle farms. Most of these studies
analyzed mixed manure samples and, thus, areas frequented daily by large numbers of
adult animals, such as alleyways and the milking parlor. In each study, these areas were
identified as having the highest probability for culturable MAP [9-11,17,18]. Similar results
were obtained in the goat housing. Here, the milking area, and especially the milking parlor,
revealed the most culture-positive bedding samples. Logistic regression results underscore
this finding by calculating an OR of 3.34 for the probability of bedding samples from areas
of high animal traffic being positive for MAP culture compared to samples from other adult
goat areas. However, viable MAP was detected in more than one-third of the bedding
samples from the kidding pens of adult goats. Opposing results were reported from cattle
farms where MAP was cultivated only occasionally from calving pens (14.3-17%) which
were considered a sampling site with lower contamination [9,10,17,18]. The most likely
explanation for this finding is the difference in the time span cows and goats normally
spend in these pens. Dairy cows are usually dried off and separated from lactating cows
approximately six weeks before calving. While separate dry cow and calving pens exist on
most cattle farms, goats in the study herd stayed in the same pen until after kidding. In
addition, in most dairy cow herds, calving pens are cleaned daily or at short time intervals,
whereas in the goat kidding pen, only fresh bedding was added throughout the whole
kidding season. This can lead to an accumulation of MAP even if just one shedding doe is
present in the pen.

Because the probability of pathogen shedding rises with the age of the animal [5], the
lack of detection of culturable MAP from samples from the kid and juvenile goat areas
is plausible. Raizman et al. [18] were also unable to cultivate MAP from samples from
pre-weaned calf pens, whereas 3% of samples from post-weaned calf areas were MAP-
positive. This may be due to early pathogen shedding or, more likely in herds with high
paratuberculosis prevalence, an introduction from the adult cow area through common
devices, footwear, etc., as also mentioned by Field et al. [21], who detected MAP DNA in
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21% of boot swab samples from pre-weaned calf areas. The construction modalities of the
goat kid pens at the study farm, which do not require entering under normal circumstances,
most likely avoid this route of pathogen entry.

However, MAP DNA was detected at every sampling site in the goat barn. This
includes areas that are accessed by adult goats as well as pens where kids and juvenile
goats are kept. Other studies reported comparable results for cattle husbandries [12,14].
Environmental samples from areas of high animal traffic had a higher probability of being
gPCR positive (OR: 3.03) than those from other adult goat areas. No significant difference
was observed between the young and adult goat area, which is in clear contrast to the
culture results, where MAP was not cultivated from any sample collected in the youngstock
area. Dust was the matrix with the highest proportion of positive MAP DNA results.
Because the milking herd and kids are kept in one common air space, airborne distribution
of MAP, viable or not, from adult to young goat areas is likely, especially because of the
proximity between the milking parlor and the goat kid pens in the studied barn. Higher
average C; values from all materials, in particular bedding, from young compared to
adult goat areas support the assumption of directed dissemination between these barn
compartments. Eisenberg et al. [14] confirmed airborne distribution of MAP by pathogen
detection high above the animal level where fecal contamination was unfeasible. In contrast
to samples from the ground of cubicles, there was no difference concerning the likelihood
of positive dust samples collected above animal level between stocked and non-stocked
barn areas.

Considering the results of JPCR and cultural analysis, the milking parlor is the
most recommended sampling site for both analysis methods. The farm management
and husbandry conditions of the studied goat herd were very similar to those that can be
found in other commercial dairy goat farms in Germany as well as other countries with a
commercial dairy industry in goats. However, since samples from only one herd and barn
were examined in this explorative study, the current results must be confirmed in a larger
comprehensive study, including several dairy goat farms.

Two of the eight ES (ES 4 and 8) were conducted during grazing season when only the
juvenile goats were in the barn throughout the whole day. The remaining dairy herd was
driven inside twice a day for milking. MAP DNA was detected at every ES, while MAP
could be cultivated at 7 of 8 ES. No cultivation out of any sample was possible in August
2021 (ES 4). The logistic regression model for both analysis methods identified the season
(indoor vs. grazing) as a significant variable concerning the likelihood of a positive analysis
result. In both cases, samples collected during grazing season had a lower probability
for MAP detection (qPCR: OR = 0.49; culture: OR = 0.24). Other studies in cattle farms
determined no seasonal effect [11] or reported a higher percentage of positive samples
during spring and summer in comparison to autumn and winter [9]; however, some
frequently positive locations were not sampled at all times of the year in the second study.
The studies provide no information concerning pasture use at the farms. The data from the
current study indicate that the time animals spend inside the barn is important. Prolonged
stays raise the likelihood of defecation and, thereby, the risk of MAP spread by shedding
animals. Furthermore, intense animal movement may contribute to dust formation and
airborne distribution in the housing [12,28]. Thus, MAP detection in environmental samples
will be more successful during time periods when the majority of the herd stays inside the
barn continuously.

Eisenberg et al. [14] cultivated MAP from several dust and water samples from a cattle
farm. These data contrast with the present study. Firstly, fecal contamination of the trough
water was possible in the cattle barn, whereas this was most likely not the case in the
studied goat barn. More important, in contrast to the current study, only paratuberculosis-
positive cattle which had previously shed MAP were introduced into the barn. Biannual
testing of the goat herd showed that during the study period, only between 9.4% and
1.7% of the animals were active shedders of MAP. As intermittent shedding is known to
occur during the subclinical disease stage [3] and the herd samplings were not carried out
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together with the ES, these numbers only allow an approximate estimation of the precise
situation at the particular ES.

Environmental manure or bedding samples are considered to be a form of pooled
fecal sample due to the potential composition of feces from several animals. Thus, a di-
lution effect may lead to false negative results in herds with low disease prevalence [11].
Therefore, different studies tried to evaluate the correlation between MAP-positive envi-
ronmental samples and disease prevalence. Donat et al. [10] estimated 87% sensitivity for
the cultivation of manure samples from herds with a fecal prevalence > 2.0%. Eisenberg
et al. [12] detected culturable MAP in settled-dust samples from cattle herds with low (one
enzyme-linked immunosorbent-assay positive animal) but more frequently in herds with
higher (two or more enzyme-linked immunosorbent assay positive animals) paratuberculo-
sis prevalence. In the present study, logistic regression revealed no association between
the number of MAP-shedding goats at the nearest herd sampling and the likelihood of
MAP detection in environmental samples by culture or qPCR. A possible explanation for
continuously positive qPCR results is that, despite the decreasing number of MAP shed-
ders, the pathogen’s DNA persists in the environment for a long time and, as mentioned
earlier, is not completely eliminated by normal cleaning and disinfection routines. This
assumption is supported by Eisenberg et al. [12], who detected MAP DNA in more than
50% of low- and high-prevalence cattle herds. The amount of MAP shed with the feces can
vary with regard to the disease stage and the individual animal [3]. It is conceivable that
one high-shedding doe introduces the same number of bacteria into the environment as
several light shedders, leading to consistent cultural detection of MAP. Therefore, areas
that are passed by each animal are favorable for MAP detection, even in herds with only a
few active shedders.

The herd examinations indicate a decreasing number of MAP-shedding goats within
the herd during the course of the study. However, the data on MAP detection in envi-
ronmental samples imply that a small number of active MAP shedders in the herd can
sufficiently contaminate the barn environment and, thus, maintain potential infection risks.

In 2018, two years before the first ES was conducted, vaccination was included in
herd management as a measure to control paratuberculosis. Despite vaccination, the barn
environment was still considerably contaminated with MAP. It has to be assumed that
new infections occurred in each birth cohort. The findings of this study point out that
vaccination as a single measure in disease control does not lead to a complete prevention of
environmental contamination with MAP and, thereby, enables the disease to maintain in
the herd.

In addition to demonstrating that MAP can be found in the environment of a paratuber-
culosis-infected dairy goat herd, the results of the present study also allow the identification
of potential risk areas for MAP transmission at the farm level. MAP was detected in dust
samples in the kid-rearing area, but only by molecular biological methods. As viable
pathogens are needed to cause an infection, this route of exposure is probably less critical
for kids. Nevertheless, a clear structural separation of adult and young animals would
be preferable in general for a further reduction of airborne MAP dissemination between
these groups. However, the successful cultivation of MAP from a dust sample from the
kidding area is a cause for concern. Even if one out of 57 samples is still far less than what
was detected in studies in cattle farms [12,14], the sampling site is the problematic aspect.
In addition to the dust sample, MAP could be cultivated from several bedding samples in
this area. If kids are not immediately separated from the does after parturition, as realized
using the snatching method [5,29], the likelihood of MAP intake increases over time. To
minimize the environmental MAP burden of this sensitive barn area, it is recommended to
set up separate kidding pens for known MAP-infected animals, to shorten the cleaning and
disinfection intervals, and not to use kids from infected does for replacement.

Bedding samples from the kidding and lactating goat pens revealed a high bacterial
load. This is a possible risk for contamination of the udder skin, enabling MAP intake
when kids are allowed to suckle from the does. Even though a study to detect MAP on
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the udder skin of the goats from this herd revealed only low pathogen prevalence (10.3%
qPCR-positive udder swabs) [30], the detection limits of the methods may underestimate
the issue. This is another argument for the recommendation of immediate separation of the
kids from the does.

The high MAP contamination of the milking parlor only plays a minor role in disease
transmission since this area is only accessed by adult animals for a short time. It is
assumed that a relatively high dose would be required to infect these animals [5]. In
addition, environmental MAP contamination of the milk during the milking process was
not detected [30]. However, the present results highlight this location as a suitable sampling
site to determine the paratuberculosis-herd status using environmental samples.

Each analysis method has its specific advantages and disadvantages. When decisions
about the appropriate method have to be made, the discussed key points, in combination
with the objective of the investigation, should be taken into account. gPCR is an appropriate
method for the identification of infected herds. Confirmation of MAP in the environment
is a strong initial indicator of the presence of infected animals. MAP viability does not
influence the analysis results, which increases the probability of pathogen detection. In this
study, MAP DNA was detected in 117 out of 256 environmental samples, and thus, if only
one sample had been taken, the MAP infection of the goat herd would have been identified
in almost half of the instances. The likelihood can be increased if recommendations
concerning sampling material, location, and season are considered during sample collection.
Cultivation of environmental samples revealed fewer positive results (11.3%). However,
MAP could be cultivated from 60.0% of bedding samples collected from high animal
traffic areas during the indoor season. Therefore, this analysis method can also be suitable
for paratuberculosis status determination and for confirmation of positive qPCR results.
The lower limits of the within-herd prevalence of MAP-shedding animals resulting in a
positive test outcome using environmental samples still have to be determined. A similarly
important application of bacterial culture, however, is the identification of barn areas of
high contamination with culturable MAP which serve as possible infection sites.

5. Conclusions

Environmental sampling can be an appropriate method for the identification of MAP-
infected dairy goat herds and barn areas with a high bacterial load. To increase the
probability of MAP detection, the collection of bedding or dust samples from areas with
high animal traffic, especially from the milking parlor, is recommended. The applied
analysis method should be chosen depending on the aim of the examination. qPCR is
suitable for making a general statement about whether paratuberculosis is present in the
herd or whether the direct animal environment is contaminated with MAP. Instead, cultural
analysis can confirm that animals are actually shedding MAP, and identify crucial areas
where the youngstock is at risk of being exposed to the pathogen and from which MAP can
be spread in the barn, respectively. Detection of culturable MAP should be considered more
important than solely DNA detection because of their potential role in paratuberculosis
transmission. Incorporating these findings into the development of individual paratuber-
culosis control plans for husbandries of goats may promote efficient and effective disease
control. However, to ensure the external validity of the obtained results, further research in
a larger number of goat herds with different husbandry conditions and prevalence levels
is needed.
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Appendix A

Table A1l. Number of environmental samples of different materials from nine sampling sites in a
dairy goat barn collected at eight environmental sampling events (ES) (total n = 256). B = bedding
(n=111), D = dust (n = 57), F = feed (n = 53), W = water (n = 35).

S ling Sit ES1 ES 2 ES3 ES 4 ES 5 ES 6 ES7 ES 8
ampling Site B DF WBDTF WBDTF WBDTF WBDTF WBUDTF WBUDTF WEBDTF W
Buckpen 00— — = - - — — — — — — — 1t 1111 1 1 1 11 1 1 1 1 1 1 1 — —
Dry goat/kidding o 5 _ __ 5 5 _ _ 19 3 o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
pen(s)
Entrances to the s . _ 9 _ _ _ 9 _ _ _ 9 _ _ _ 9 _ _ _9 __ _o9 __ _oao9 9 ___
barn
Goat kid pen(s) 9 71 7 —1 — ——1 —  — — — — — — — — — — — — — 33 21 1 1 1 1
Juvenile goat pen - — - =3 111 — — — —1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 — —
Lactating goat pen - — — 1 1 10 - — — — — 4 4 6 1 4 4 6 4 4 4 6 4 4 4 6 4 4 4 6 4
Milking rotary 1 - -1 -1 -1 - — =1 - — =1 - — =1 - — —1 — — —
Milking rotary 1 - -1 - = =1 — = =11 — =11 ——11 ——11 — —1 1 — —
waiting area
Milking rotary exit — — — — — — — — — — — — 1 — -1 — - -1 — — =1 — — —1 — — —
Table A2. Number of positive samples of bacterial culture and qPCR for the detection of Mycobac-
terium avium subsp. paratuberculosis in environmental samples per environmental sampling event (ES)
(total n = 256).
Analysis Sampling Environmental Sampling Event y
Result Material ES1 ES 2 ES 3 ES 4 ES 5 ES6 ES7 ES 8
Bedding 5/21 3/15 5/16 0/11 5/11 6/11 2/14 2/12 28/111
Culture Dust 1/9 0/5 0/4 0/7 0/7 0/7 0/10 0/8 1/57
positive Feed 0/1 0/11 N.s. 0/8 0/8 0/8 0/10 0/7 0/53
Water 0/3 0/1 0/2 0/2 0/5 0/6 0/7 0/5 0/35
Bedding 8/21 6/15 7/16 2/11 9/11 10/11 6/14 7/12 55/111
qPCR Dust 7/9 2/5 1/4 6/7 3/7 5/7 7/10 6/8 37/57
positive Feed 0/1 3/11 N.s. 0/8 1/8 3/8 6/10 0/7 13/53
Water 1/7 0/1 0/2 1/2 0/5 3/6 6/7 1/5 12/35
N.s. = no sample of this material was collected.
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Auszug aus der Arbeitsfassung

LEITFADEN

fur die Bekampfung
der Paratuberkulose
bei Ziegen.

Kontaminierung von Trankwasser/Futter

Gelangt erregerhaltiger Kot oder kontaminierter Staub in Futter und

Trankwasser, kann der Erreger auch liber diese Materialien von den Tieren o 23
aufgenommen werden. In diesem Zusammenhang stellt auch die gemein- Risiko: erhoht
same Weidenutzung mit Tieren aus anderen Bestanden mit unbekanntem

Paratuberkulosestatus sowie eine nur kurze Ruhezeit vor der erneuten

Beweidung einer Flache ein Risiko dar.

Gegenmalnahmen

Trank- und Futtervorrichtungen baulich so
gestalten, dass Eintrag von Kot und anderen
Verschmutzungen (Einstreu, Staub) weitgehend
unterbunden wird.

Vorgelegtes Futter regelmébig erneuern - sofort
bei sichtbarer Verunreinigung mit Kot.

Trankwasser regelmaBig erneuern - sofort bei
sichtbarer Verunreinigung mit Kot, Tranken
regelmaBig reinigen.

Keine gemeinsame Weidenutzung von Alt- und

Jungtieren — Jungtiere sollten Weide nur vor
Alttieren nutzen.

Keine i /nachfolgends i ung

mit Herden mit unbekanntem Paratuberkulose-
status.

Ausreichend lange Zwischenweidezeit
(bestmoglich 1 Jahr).

Keine Futtergewinnung von Weiden welche von
Herden mit unbekanntem Paratuberkulosestatus
genutzt wurden.




Gruppenablammung

Die Haltung mehrerer Ziegen in einem abgegrenzten Bereich liber einen
l@ngeren Zeitraum (z.B. Gruppenhaltung in der Trockenstehphase) erhoht
die Wahrscheinlichkeit und das Ausmaf einer Kontamination des
Stallbereiches mit MAP durch die Ausscheidung des Erregers mit dem Kot
infizierter Tiere. Werden Lammer in dieser Umgebung geboren, besteht
die Gefahr eines sehr friihen Erregerkontaktes, der zu einer Infektion
fiihren kann.

ntaktmoglichkeiten zwischen Adulten und
Jungtieren

Mit dem Fortschreiten der Paratuberkulose nimmt die Wahrscheinlichkeit
und Intensitat der Erregerausscheidung bei infizierten Tieren zu.

Deshalb geht von adulten Tieren ein hoheres Risiko aus als von Jungtieren.

Umgekehrt sind Jungtiere empféanglicher fiir eine Infektion als adulte
Tiere, was sich unter anderem in einer geringeren Erregerdosis zur
Auslasung einer Infektion auBert. Werden Tiere unterschiedlichen Alters
gemeinsam gehalten, erhéht sich das Infektionsrisiko.

Risiko: hoch

GegenmaBnahmen

Getrennte Haltung/Aufstallung von bekannt
infizierten Tieren.

RegelméBige Zwischen-Reinigung und -desinfek-
tion von Trockensteher- und Ablammbereich.

Schnellstmdgliche Entfernung neugeborener
Lammer aus Ablammbereich — erfordert erhdhte
Kontrollfrequenz.

Risiko: sehr hoch

Gegenmalnahmen

Strikte, wenn moglich bauliche, Trennung von
Jung- und Alttieren.

Schnellstmogliche Entfernung Neugeborener aus
dem Ablammbereich.

Arbeitsfolge im Betrieb ,von Jung nach Alt*
Nutzung getrennter Arbeitsgerate in jeweiligen
Altersgruppen/Stallbereichen oder griindliche
Reinigung nach jeder Nutzung.

Auf Personalhygiene achten: saubere Arbeits-
kleidung, separates Schuhwerk und Handschuh-
pflicht fiir den Ldmmerbereich.
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