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bovine tuberculosis. It is unlikely that Mycobacterium bovis will be established, due to the
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pose a risk of spreading the pathogen to domestic and wild animals. Identified mitigation
measures include rapid outbreak investigation, strict import regulations, enhanced testing of
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VKM Report 2025: 04
Risk assessment of bovine tuberculosis introduction and establishment in Norway

Scientific Opinion of the Panel on Animal Health and Welfare of the Norwegian Scientific
Committee for Food and Environment
17.03.2025

ISBN: 978-82-8259-454-7

ISSN: 2535-4019

Norwegian Scientific Committee for Food and Environment (VKM)
Postboks 222 Skgyen

0213 Oslo

Norway

Email: vkm@vkm.no
Website: vkm.no

Cover photo: Kristin Opdal Seljetun

Suggested citation: VKM, Skjerve, E., Granquist, E. G., Johansen, T. B., Olsen, I., Nesbakken, T.,
Sayyari, A., Seljetun, K. O., Tryland, M., Espmark, A. M., Jergensen, G. H. M., Nordgreen, J.,
Olesen, I., Patel, S., Ptochos, S., Vindas, M. A., Mo, T. A. (2025). Risk assessment of bovine
tuberculosis introduction and establishment in Norway. Scientific Opinion of the Panel on
Animal Health and Welfare of the Norwegian Scientific Committee for Food and Environment.
VKM Report 2025: 04, ISBN: 978-82-8259-454-7, ISSN: 2535-4019. Norwegian Scientific
Committee for Food and Environment (VKM), Oslo, Norway.

©2025 VKM / CC BY-ND 4.0

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


mailto:vkm@vkm.no
https://vkm.no/
https://creativecommons.org/licenses/by-nd/4.0/

Risk assessment of bovine tuberculosis introduction and
establishment in Norway

Preparation of the opinion

The Norwegian Scientific Committee for Food and Environment (Vitenskapskomiteen for mat
og miljg, VKM) appointed a project group to draft the opinion. The project group consisted of
five VKM members, one VKM staff and two external experts. Two referees commented on and
reviewed the draft opinion. The Committee, by the Panel on Animal Health and Welfare,
assessed, and approved the final opinion.

Authors of the opinion

The authors have contributed to the opinion in a way that fulfils the authorship principles of
VKM (VKM, 2023). The principles reflect the collaborative nature of the work, and the authors
have contributed as members of the project group and/or the VKM Panel on Animal Health
and Welfare.

Members of the project group

Eystein Skjerve — Chair of the project group. Member of the Panel on Biological Hazards.
Affiliation: 1) VKM; 2) Norwegian University of Life Sciences

Erik Georg Granquist —-Member of the Panel on Animal Health and Welfare. Affiliation: 1) VKM,;
2) Norwegian University of Life Sciences

Tone Bjordal Johansen — External expert. Affiliation: Norwegian Institute of Public Health
Ingrid Olsen — External expert. Affiliation: Oslo University Hospital

Truls Nesbakken — Member of the Panel on Biological Hazards. Affiliation: 1) VKM; 2)
Norwegian University of Life Sciences

Amin Sayyari — Member of the panel on Animal Health and Welfare. Affiliation: 1) VKM; 2)
Norwegian University of Life Sciences

Kristin Opdal Seljetun — Project leader, VKM staff. Affiliation: VKM.

Morten Tryland — Member of the Panel on Biological Hazards. Affiliation: 1) VKM; 2) University
of Inland Norway.

Members of the Panel on Animal health and Welfare

Asa Maria Espmark — Member of the Panel on Animal Health and Welfare. Affiliation: 1) VKM;
2) Nofima

Grete Helen Meisfjord Jgrgensen — Member of the Panel on Animal Health and Welfare.
Affiliation: 1) VKM; 2) Norwegian Institute of Bioeconomy Research

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



Janicke Nordgreen — Member of the Panel on Animal Health and Welfare. Affiliation: 1) VKM,;
2) Norwegian University of Life Sciences

Tor Atle Mo — Chair of the Panel on Animal Health and Welfare in VKM. Affiliations: 1) VKM; 2)
Norwegian Institute for Nature Research

Ingrid Olesen — Member of the panel on Animal Health and Welfare. Affiliation: 1) VKM; 2)
Nofima

Sonal Patel — Member of the Panel on Animal Health and Welfare. Affiliation: 1) VKM; 2)
Norwegian Veterinary Institute

Sokratis Ptochos — Member of the Panel on Animal Health and Welfare. Affiliation: 1) VKM; 2)
Norwegian Veterinary Institute

Marco Antonio Vindas — Member of the Panel on Animal Health and Welfare. Affiliation: 1)
VKM; 2) Norwegian University of Life Sciences

Acknowledgement

VKM would like to thank the referees John Griffin (University College Dublin, School of
Veterinary Medicine) and Susanna Sternberg Lewerin (Swedish University of Agricultural
Sciences, Department of Animal Biosciences) for their valuable comments through critical
review of the draft opinion. VKM emphasises that the referees are not responsible for the
content of the final opinion. In accordance with VKM'’s routines for approval of a risk
assessment (VKM, 2024), VKM received their comments before evaluation and approval by
VKM Panel on Animal Health and Welfare and before the opinion was finalised for publication.

Competence of VKM experts

Persons working for VKM, either as appointed members of the Committee or as external
experts, do this by virtue of their scientific expertise, not as representatives for their
employers or third-party interests. The Civil Services Act instructions on legal competence
apply for all work prepared by VKM.

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



Table of Contents

Risk assessment of bovine tuberculosis introduction and establishment in Norway .........ccccccovveeniennee. 3
Preparation of the OPINION .......eii e e e e e et e e e et ae e e e ata e e s e nteeesnaeeeesnsaeeeennns 3
F AT g oY g i o o T=Ne] o 1] 0] o o S 3
ACKNOWIBAGEIMENT.....eiiiiiiie ettt et e e e e e et e e e s ab e e e e s tteeeeessaaeessseeeeansaeeeanssaeesnsbaeeanstseesnnneens 4
COMPELENCE OFf VKIM BXPEIES. .. .eiieeieiiieeeiiee ittt sttt sttt st e e st e st e st e e e beesabeesbeesabeeeseesbeesneenane 4
SUMIMAIY Lottt e st e s et e s b e e e s s b et e s e s b e e e saab e e e e s b et e e e abe e e s esba e e e sbbeeesaabaeesenneeesnnaeas 9
SAMMENATAG PA NOTSK ..ttt ettt ettt ettt e s ate st e sheesbe e bt eateeatesaeesaeesbeebeenbesasesaeesaes 11
ADDBIEVIATIONS ..ottt sttt ettt et e b e bt e bbb saeesre e sreesneereenneane 13
(€] Lo Ty [ V2SS 14
Background as provided by the Norwegian Food Safety Authority ......cccccceviiecier i, 16
Terms of reference as provided by the Norwegian Food Safety Authority........ccocceeveeniiinienniienieeee. 17
1 191 oo [T o1 4o o [ SR URSRRIN 18
1.1  Bacteriology and PathOZENESIS ......ccccciiiiiiiiee et ettt et e e rte e e et e e e s rtb e e e e ta e e eeabaeesabeeeans 18
1.2 The zoonotic character of bovine tUDErCUlOSIS ........ooveriieiieriieriirie e 19
1.3 Geographic area Of INTEIEST ....coouii ittt et b e e e b e e nee e 19
1.4  Occurrence of bovine tuberculosis in domesticated animals and humans in Europe.................. 20
14.1 (07 ] 4 TSR 21
14.2 (07 41T 1o [ RSRR 21
1.43 Other domesticated aNiMalS .......cceoeeiieiiriere e e e 21
14.4 HUM@NS (ot 22
1.5  Mycobacterium bovis in free-ranging animals in EUrOPE........cueeeeciiieceiiiee e e eeieee e 23
1.5.1 WIlA DOAIS et 23
1.5.2 COIVIS .ttt et st et sr e e sane e nes 23
153 2 Yo o] TSP 24
1.5.4 Other Wildlife SPECIES .....eiiiiiiee et e e e e e e st e e e saaeeesnreeaens 25
1.6 BoVvine tuberculosis iN NOIWAY.......cuuiiiiiii et e e e e st e e e s e e s sabrar e e e e e s seenssaaeeeeessennnnsnns 25
1.6.1 The campaign against bovine tuberculosis .......cccccuviveeiiiiiciee e e 25
1.6.2 ReECENT OULDIEaKS ..ot e 26
1.7  Animal husbandry iN NOIWAY ....ccoociiiiiie et e e e e st e e e e e e ebaer e e e e e e seeaabeaeeeeeesennnenes 27
1.7.1 CattlE e e et sr e e sareennes 27
1.7.2 CAMEIIAS ..o sare e 28
1.7.3 Other domesticated animMalS ........ccooveiieiiriine e e e 30
1.8 Import of live farm animals t0 NOIrWaY .....cccociriiriiniiiceeeee e 30
1.9  Trade of cattle iNSIdE NOIWAY .......oeiieceiiiiiciieeeciieeeesee e e st e e e e e seeae e e s ra e e e s staeeesnnaeeesnreeeaas 33

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



1.10

1.11

2.1
2.2

2.3

3.1
3.2
3.3
34
3.5
3.6
3.7
3.8

4.2

4.3
4.4
4.5
4.6

Surveillance of bovine tuberculosis in Norway today .........cccccveeieeiiciiiiiiiiee e, 33

O 0 0 A \V/ V=T Y T 1Y 1T o1 o ] TR 33
1.10.2  Surveillance in domesticated animals .........cecereeiieierrener e 34
1.10.3  Surveillance in free-ranging animals .........cccoeverieiieiieniene e 36
1.10.4  SUrveillance in hUMANS......cociiieiieieeec et 36
Established diagnostic Methods.........c.coiiiiiiiiiii e 36
Methodology and data......c.cuee it 38
Data and information Sathering.........c.coviiiiiiiii e 38
Literature search and SEIECION ........cocuiiiiiiiie et 38
2.2.1 Title and abstract SCrEENING ......vveieiiiie e e s e et e e 38
2.2.2 FUIT-EEXE SCrEENING ..ttt st st e s e sbeesaree s 39
Risk assessment MethOdOIOZY ........euiuiiiiiiiieiiie et e 39
231 Description of probability........ccccueeiiiiiiiiii e 39
2.3.2 Description of confidence asseSSMENtS ........cocueeriiirieiniiienieeeee e 40
Assessment of the risk of introduction, transmission, and establishment .........ccceevvvveiiiiiiiinnnes 41
IMPOIt OF [IVE @NIMAIS ...eiiiiiiee et e st e e e et e e e e saba e e eesaee e sabaeeesabaeeenanes 41
INEEINAI TR ittt st st sbe e sb e bt ettt ss e sbe e beerean 41
Establishment in domesticated animals ........ccoceieiiiiiiiiiiii e 42
Establishment in free-ranging animals.........ccooieiriiiiiiiiie e 42
Spread between domesticated and free-ranging animals ..........cccovviiiiiniiiene e 43
Transmission by mechanical VERICIES........oouiiiiiiiiei e 44
Transmission by DIOlOGICAl VECTOIS......uiiii i e e e e e e e e s e eanenes 45
ZOONOLIC EraNSMISSION ceiiuviiiiiiiii it a e abe e sarae s 45
Assessment of diagnNoStic METNOAS ........cuuii i et tae e e 46
Tests measuring cellular IMMUNE FESPONSE .....uiiiiii it e e ee s e e e e e serrrre e e e e e s enannees 46
4.1.1 TUDEICUIIN TEST . uuttreiiiiiiiiriiirerirerererer et e arererara b e rerarararararsrararsrsssssssssssresssssssasssssnsnsnrnns 46
4.1.2 L\ Y =T AP TPPPTPPOt 46
4.1.3 Other BIOMArkers .......cooioiiiiii e e e 47
4.1.4 Antigens used in tests measuring cellular immune responses.........cccceeveveeeecveeeeenneen. 47
41.5 Special concerns for wildlife, farmed deer, and camelids........ccccccoevuveeeiiiieccciiee e, 47
YT o] Lo =4 2SRRI 47
421 Special concerns for wildlife, farmed deer, and camelids.........cccccceevciiiiieeiieicciiinnen... 48
Culture and histoPatNOIOgY ........uiiii i e e e e e tre e e e e e e eeaes 48
[ O T TSP PP PR PTPPPPRTRPPNE 49
Other possible or future diagnostic Methods ........ccccvvi i e 50
SUMMAry Of diagNOSTIC tESTS ...vviiiiiiiee et e e e e e et e e e st re e e enee e e eenneeas 50
Surveillance and CONTIOl MEASUIES ......cc.evciiriirieiierieert et 52

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



51
5.2
53
5.4
5.5
5.6
5.7
5.8

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

7.1
7.2
7.3
7.4
7.5

8.2

IMPOrt Of lIVE @NIMALS ... e et e e e e e e et e e e e e e e eeababaeeeaeeeeenneees 52

Internal trade and MOVEMENT CONTIOL ......coouiiiiiiiieic e 52
Transmission fromM VENICIES .......coouiiiiiiiieie et 53
Free-ranging animals and indirect transmisSsioNn .........c.ccoviiriiiiiieniiienieee e 53
\V/2F: | T ] oT=Tot f o] o I T TP 54
Pasteurisation Of MIlK.......cooeerieieiee e e 55
ZOONOLIC LraNSMISSION coeiuvviiiiiiiii ittt are e s arae s 55
Molecular surveillance and outbreak inVestigation ..........cccccuveeeeiiiii e e 56
Risk MItiatioN MEASUIES ......eiiiiiiiiieee ettt st e be e s e nees 58
Import of animals and breeding MaterialS..........eocciii i 58
Internal trade and MOVEMENT .....c..iiiiiiiiiee e e sane e 58
TransmMIsSiON DY VENICIES ......oiuiiiiieiieet ettt st e e e s 59
Free-ranging animals ..o ettt sttt et be e s b s e sae e saneennees 59
4o To ) aTo ] A [ol A 101 {1 TSP 60
(O] d o 4T | =LA F= Y=Y 2 1 =T o USRS 60
|V 2F: | T ] oT=Tot f o] o [T T TP 60
Diagnostic recomMmMENAtioNS ......cccuuiiiiiiei et e e e e s e e e e e e e e ennraes 60
6.8.1 Testing of [IVe @nimMals ....co.eiiiiiie e e 61
6.8.2 PCR @NA WGS....oiiieiiee ettt sttt ettt et b e s e saaesbeesbeenbeenbeeneeens 61
UNCEIAINTIES ettt e s 62
Occurrence in Norwegian domestic animals.........coceeviiiiiiniiiiieenreee e 62
Uncertainties related to WIldlife .......cocooiorionienie e 62
Uncertainty regarding zoonotic tranSmMIiSSION .......ccciiiciiiiieeie e e e e e e seiaere e e e e e e eeaneees 62
Uncertainties regarding environmental SUrVival..........ccovveeiiiiiiiiiiiee e 63
Risk ass€SSMEeNt MEhOAS .....coouiiiiiiiiieie e 63
Conclusions With aNSWers t0 the TOR .....cccciiiiiiiiiieiiee e e e e s eaae e e s naeeeeas 64
ToR 1 — Risk assessment of iNtrodUCION.........c.oeuieiirierieieeeeeee e 64
8.1.1 INtroduction DY Cattle.....cooueeiiiieiee e e 64
8.1.2 Introduction BY CamMElidS.....cccocuiiiiiiiee e e 64
8.1.3 Introduction by free-ranging animals..........cccceeeiiiiiieiiie e 64
8.1.4 INtroduction bY roUBNAgE ......c.eiiiiieii e 65
8.1.5 INtroduction DY VENICIES ......cceeeeeeee e 65
8.1.6 INtroduction DY hUMANS .....ooceiee e 65
ToR 2 —Risk assessment of transmission after introduction ...........ccoceeeviinierniiciieenc e 65
8.2.1 Transmission by domestic animMals.........cceeeiiieiieiiii e e 65
8.2.2 TransmMisSioN DY VENICIES ....eeieiiiiiiiiieec e e e e tra e e e e e s e eaaeaes 65
8.2.3 TransMisSSION With SIUMTY.....eeeii i e e e rr e e e e e s e eaaeees 65

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



8.2.4 Transmission by livestock-wildlife contact........ccccoooeeiiiiiiei s

8.2.5 Transmission to general human population........ccocciiiiiie e
8.2.6 Occupational tranSMISSION .....iiiceieeeiiee et ee e e e st e e e str e e eeeaeeesnreeaens
8.2.7 Transmission with unpasteurised milk and dairy products..........ccccceeeveeiiieeenciieeennns
8.3  ToR 3 —Risk assessment of establishment.........cccooveiiriiiiiin e
8.3.1 Establishment in [IVESTOCK ....c.eooiiiiiiiiee e
8.3.2 Control of infection given establishment in livestock ..o,
8.3.3 Establishment in free ranging animals .........coceoiiiiiiniini e
8.3.4 Control of infection given establishment in free-ranging animals ..........c.cccceceenienee.
8.4  ToR 4 - Risk mitigation measures and diagnostic OPtioNS........cccveveereieiiieeenienieneee e
9 DAt BaPS . eiiiiiiiiitt it e e s ab e e s s aara e
10 RETEIENCES ...ttt ettt ettt e at e b e b e b et s et e she e sheesbe e bt et e enteeneenbeenbeereas
PN o 01T e | PR PPUPUt

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



Summary

Following the verification of bovine tuberculosis (bTB) after an outbreak in 2022, concerns
were raised about the true epidemiological situation of bTB in Norway. Consequently, the
Norwegian Food Safety Authority commissioned VKM to assess the risk of introducing
Mycobacterium bovis to Norway, and the risk of its spread and establishment in Norwegian
livestock and wild fauna. VKM was also tasked with assessing the risk of infection to humans
and identifying risk-reducing measures and diagnostic options for detecting infection in
Norway.

Background: bTB is a bacterial disease affecting animals and humans, caused by M. bovis. The
prevalence varies greatly across European countries. Norway has held an official free status
since 1963, with only a few cases reported in the 1980s. The 2022 outbreak was identified
through routine meat inspection, revealing several infected animals in a specific herd. The
source of this outbreak remains unidentified, and no infected animals have been detected
since early 2023. Contact network tracing linked many farms to the index (outbreak) herd
through cattle trade. The identified contact herds are still monitored for infection, and the
possibility of a spread to other farm animals or wildlife cannot be excluded. Norway maintains
strict regulations on live animal imports and monitors the presence of bTB through mandatory
reporting, meat inspections, and breeding station testing.

M. bovis can infect a wide variety of domestic and wildlife species. Furthermore, there is a
significant public health concern due to its zoonotic potential. bTB is a chronic disease, and the
incubation period can span from months to years. The bacterium can survive for months in the
environment. Diagnosing bTB in live animals is challenging and time-consuming, implying that
detection and eradication of the infection is difficult.

Key Findings: Norway has had a very low number of imported cattle during the past 10 years.
However, some imports of small ruminants and camelids (llamas, alpacas, camels) have
occurred. Import of cattle and camelids from countries with bTB in the animal population is
assessed as a risk of introducing the bacterium to Norwegian cattle. This risk assessment
concludes that introduction of bTB to Norway from imported cattle is unlikely based on the
current situation with low number of imports. However, introduction by camelids is regarded
as more likely.

There is significant domestic trade and transport of beef and dairy cattle within Norway,
sometimes without proper registration. If bTB is established in the country, cattle movements
are likely to spread the infection between herds. Furthermore, direct and indirect transmission
to other domestic species or free-ranging animals (semi-domesticated reindeer and wildlife)
may occur, which may complicate the control of bTB in outbreak regions. Indirect transmission
can occur via contaminated feeds, pastures, and salt licks that are shared with free-ranging
animals.

Many species of free-ranging animals are susceptible to M. bovis. Depending on population
density and other ecological factors, these species may play the role as hosts and a source of
infection for cattle, other livestock and humans. Based on experience from Europe, M. bovis is
considered as extremely difficult to eradicate in a country if established in free-ranging
species. Badgers, cervid species (i.e. red deer, reindeer, roe deer, and moose), and a growing
population of wild boars are of special concern. A contingency plan that takes into account the
risk of spread to wild fauna may thus be crucial for successful control of an outbreak with bTB.
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In periods of severe drought, import of roughage to Norway may be necessary. It is uncertain
how well different feed materials and ensiling methods will enable survival of M. bovis.
Therefore, restricting import of roughage to Norway to countries and regions certified as
officially tuberculosis free (OTF), will reduce the risk of introduction to Norwegian cattle.

In the event of introduction and establishment of M. bovis to Norwegian cattle, slurry may
pose a risk of spread to domestic and wild animals due to survival of the bacterium in liquid
manure. Survival in slurry is uncertain; however, a minimum of six months storage before
spreading or alternatively disinfection of slurry will reduce the risk.

Zoonotic transmission of bTB remains a relatively rare event, also in countries where the
infection is present in animal populations. However, M. bovis can be transmitted by direct
contact between animals and humans, through handling (farmers, veterinarians, and
slaughterhouse workers) carcasses, and indirectly by consumption of unpasteurised milk and
dairy products, but rarely through consumption of meat and meat products.

Meat inspection is the key measure for surveillance of bTB in cattle and other domestic
animals. Diagnosing bTB is challenging due to the nature of the disease and the lack of a gold
standard test. Test-positive animals may not show visible lesions postmortem, and sensitive
methods like cultivation and PCR depend on the presence of bacteria in sampled tissues. Any
test-strategy aiming to increase the possibility to detect latent infected animals will resultin a
higher number of culled animals where the infection cannot be confirmed. Too extensive
testing in low-risk herds can lead to false positives and must be balanced against the financial
costs of restrictions and culling.

Combining different tests (skin test, IFN-y test, and boosted antibody tests) improve sensitivity,
and this strategy is particularly advised for imported animals and during outbreak
investigations. To achieve the best sensitivity, one should apply the tuberculin test at the same
time as the IFN-y test, followed by serology 10-30 days after the tuberculin test. Culling test-
positive animals, and retest after at least 60 days of animals with an inconclusive test will
reduce the risk of introducing M. bovis to Norway.

While tuberculin tests are labor-intensive and costly, they are regarded as the methods of
choice for surveillance in endemic regions. Serological assays like Enferplex show promise for
general surveillance, however, the sensitivity is relatively low without prior skin-test. Ongoing
studies are evaluating the test performance in bulk-milk screening.

In culled animals with suspected lesions, real-time PCR, alongside culture, is recommended for
quicker diagnosis. Whole-genome sequencing is the preferred tool for molecular surveillance
and outbreak investigations.

10
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Sammendrag pa norsk

Etter utbruddet av storfetuberkulose/bovin tuberkulose (bTB) i Norge i 2022 ble det stilt
sp@rsmal rundt den epidemiologiske situasjonen for bTB i Norge. Fglgelig fikk VKM i oppdrag
fra Mattilsynet a vurdere risikoen for introduksjon av Mycobacterium bovis til Norge, samt
risikoen for spredning og etablering i norske husdyr og vill fauna. VKM fikk ogsa oppgaven med
a vurdere smitterisikoen for mennesker, identifisere risikoreduserende tiltak og diagnostiske
alternativer for a oppdage infeksjon i Norge.

Bakgrunn: Bakterien M. bovis kan forarsake tuberkulose spesielt hos storfe, men ogsa hos
andre dyr og mennesker. Forekomsten varierer betydelig mellom landene i Europa. Norge har
hatt en offisiell fristatus siden 1963, med noen fa enkelttilfeller rapportert pa 1980-tallet.
Utbruddet i 2022 ble oppdaget gjennom rutinemessig kjgttkontroll, som avdekket flere
infiserte dyr i en besetning. Kilden til dette utbruddet er fortsatt ikke identifisert. Siden tidlig i
2023 har det ikke blitt oppdaget flere infiserte dyr. Flere garder har hatt kontakt med smittet
besetning gjennom storfehandel. De identifiserte kontaktbesetningene overvakes fortsatt, og
det kan ikke utelukkes at det har veert spredning til andre husdyr eller dyreliv. Norge
opprettholder strenge regler for import av levende dyr og overvaker forekomsten av bTB
gjennom obligatorisk rapportering, kjgttkontroll og testing pa avisstasjoner.

M. bovis kan infisere andre husdyr enn storfe og ville dyr. bTB er ogsa en zoonose (smitte kan
overfgres mellom dyr og mennesker) og det er bekymring knyttet til smitte til menneske. bTB
er en kronisk sykdom, og inkubasjonstiden kan variere fra maneder til r. Bakterien kan
overleve i miljget i flere maneder. Diagnostisering av bTB hos levende dyr er utfordrende og
tidkrevende, noe som gj@r pavisning og utryddelse av infeksjonen vanskelig.

Ngkkelfunn: Norge har hatt et sveert lavt antall importerte storfe de siste 10 arene, men det
har vaert noe import av sma drgvtyggere og kamelider (lama, alpakka, kameler). Import av
storfe og kamelider fra land med bTB i dyrepopulasjonen ansees som en risiko for 3
introdusere bakterien til storfe i Norge. Denne risikovurderingen konkluderer med at
introduksjon av bTB til Norge via importerte storfe er lite sannsynlig basert pa den naveerende
situasjonen med lite dyreimport. Det anses imidlertid som mer sannsynlig at dette kan skje via
kamelider.

| Norge er det betydelig handel og transport av storfe og melkekyr, noen ganger uten at det
registreres. Ved en etablering av bTB i Norge er det sannsynlig at forflytting av storfe vil kunne
spre infeksjonen mellom besetninger. Videre kan direkte og indirekte overfgring til andre
husdyrarter eller frittlevende dyr (ville dyr og tamrein) forekomme, noe som kan komplisere
kontrollen av bTB i utbruddsomrader. Indirekte overfgring kan skje via forurenset fér,
beitemarker og saltsteiner som deles med frittlevende dyr.

Mange frittlevende dyr er mottakelige for M. bovis. Avhengig av bestandstetthet og andre
gkologiske faktorer, kan disse artene fungere som verter, smittekilde og reservoar for storfe,
andre husdyr og mennesker. Basert pa erfaringer fra Europa, vurderes M. bovis som ekstremt
vanskelig a utrydde hvis den etableres hos frittlevende dyr i et land. Grevling, hjortedyr (hjort,
rein, radyr og elg) og en voksende bestand av villsvin har spesiell betydning. En beredskapsplan
som tar hensyn til risiko for spredning til vill fauna kan derfor veere avgjgrende for vellykket
kontroll av bTB utbrudd.

| perioder med alvorlig t@rke kan det veere ngdvendig a importere grovfor til Norge.
Overlevelsen av M. bovis i forskjellige typer for og ensileringsmetoder er usikker. A foreta
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grovférimport til Norge kun fra regioner som er fri for bTB, vil redusere risiko for introduksjon
til norsk storfe.

Etter etablering av M. bovis hos norske storfe, kan husdyrgjgdsel utgjgre en risiko for
spredning til husdyr og ville dyr pa grunn av overlevelse av bakterien i flytende gjgdsel.
Overlevelse i husdyrgjgdsel er usikker, men minimum seks maneders lagring fgr spredning,
eller alternativt desinfeksjon av husdyrgjadsel, vil redusere risikoen.

Zoonotisk overfgring av bTB er relativt sjelden, selv i land hvor infeksjonen er til stede i
dyrepopulasjonen. Imidlertid kan M. bovis overfgres ved direkte kontakt mellom dyr og
mennesker, giennom handtering (bgnder, veterinzarer og slakteriarbeidere) av kadavre, og
indirekte gjennom konsum av upasteurisert melk og melkeprodukter, men sjelden gjennom
konsum av kjgtt og kjgttprodukter.

Kjpttkontroll er det viktigste tiltaket for overvaking av bTB hos storfe og andre husdyr.
Diagnostisering av bTB er utfordrende pa grunn av sykdommens natur og mangelen pa en
gullstandard. Dyr som har testet positivt, kan vise seg a veere uten synlige lesjoner post
mortem. Sensitive metoder, som dyrking og PCR, er avhengige av at bakterien er til stede i
vevet som er undersgkt. En teststrategi, der malet er & gke muligheten for 3 pavise latent
infiserte dyr, vil resultere i et hgyere antall dyr som avlives uten at infeksjonen er bekreftet.
Omfattende testing i lavrisikobesetninger kan fgre til falske positive resultater og ma
balanseres mot de gkonomiske kostnadene.

A kombinere forskjellige tester (hudtest, IFN-y-test og forsterkede antistofftester) forbedrer
sensitiviteten, og en slik strategi anbefales spesielt for importerte dyr og ved etterforsking av
utbrudd. For a oppna best mulig sensitivitet b@r tuberkulintesten utfgres samtidig som IFN-y-
testen, og etterfglges av serologi 10-30 dager etter tuberkulintesten. A slakte testpositive dyr
og reteste dyr med uklare testresultater etter minst 60 dager, vil redusere risikoen for &
introdusere M. bovis til Norge.

Tuberkulintester er arbeidskrevende og kostbare, men anses likevel som den foretrukne
overvakningsmetoden i endemiske regioner. Serologiske tester, som Enferplex viser lovende
resultater for generell overvaking, men sensitiviteten er relativt lav uten forutgaende hudtest. |
pagaende studier vurderes testens egnethet for screening av tankmelk.

Hos slaktede dyr med mistenkelige lesjoner anbefales real time-PCR sammen med dyrkning for
raskere diagnose. Helgenomsekvensering foretrekkes ved molekylaer overvaking og
utbruddsetterforskning.
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Abbreviations

BCG  Bacillus Calmette-Guerin

bTB Bovine tuberculosis

CIT Comparative intradermal test

ddPCR Droplet digital PCR

DPP Dual-path platform

EFSA  The European Food Safety Authority

ESA EFTA Surveillance Authority

EU European Union

EEA European Economic Area

IFN-y  Interferon gamma

KIF Kontrollutvalget for import av figrfe

LAP Liquid atmospheric pressure

LFD Lateral flow immunochromatographic device
MAPIA Multiantigen print immunoassay

MIRU Mpycobacterial interspersed repetitive units
MTC  Mycobacterium tuberculosis complex

NFSA  Norwegian Food Safety Authority

NPIDA Nanoparticle-based Immune Detection Assay
NVI Norwegian Veterinary Institute

OTF  Officially tuberculosis free

PCR Polymerase chain reaction

PPD  Purified Protein Derivative

SIT Single intradermal test

SNP Single nucleotide polymorphism

TVNTR Variable tandem repeat typing

WGS Whole genome sequencing

WOAH World Organisation for Animal Health
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Glossary

Boosted samples

Breakdown case
Extensively-reared

Free-ranging

Geno
Index case

Isolation

Maintenance host

OTF

PCR

Reactors

Reservoir
Residual infection

Spillover

Supershedders

Vehicles

Samples taken for serological testing 10-30 days after the skin test.

A herd loses its officially tuberculosis free (OTF) status due to bTB
being suspected or confirmed.

Animal husbandry relying on grazing resources.

Animals able to move or range freely over a wide area without (or with
little) restriction. In this report covering wildlife and semi-
domesticated reindeer.

The breeding organization of Norwegian Red cattle.
First documented case of a disease or agent.

Process of physically separating animals that have an uncertain
disease status and do not show clinical signs of disease.

Population or species that make up a disease pool and within which a
pathogen continues to stay without any restoration from another
host.

Officially tuberculosis free is a legal definition that allows free trade
within the European Union, with animals certified to be free from
tuberculosis. The definition may apply to animals, herds, regions
(territories, zones and compartments), or countries (Regulation (EU)
2016/429)

Polymerase Chain Reaction. A technique used in molecular biology to
amplify and detect small segments of DNA or RNA. PCR is used to
detect the presence of pathogens such as M. bovis and other
microorganisms in clinical samples. Real-time PCR is a variation of this
method that allows for the monitoring of DNA amplification in real
time.

Animal reacting to one or more diagnostic tests.

In this report; an animal that is infected by M. bovis and serves as a
source of infection for another species.

Infected individuals that remain in the herd after culling of test
positive animals.

Occurs when epidemics in a host population are driven not by
transmission within that population but by transmission from a
reservoir population. A pathogen typically reaches high prevalence in a
reservoir and then spills over into the other host (spillover host).

Individuals shedding more bacteria than normal when infected.

An object that may indirectly transmit an infectious agent which may
include feed, water, biologic products (blood), and fomites (inanimate
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objects such as bedding material). A vehicle may passively carry a
pathogen.

Zoonosis An infectious disease (zoonotic disease or zoonoses -plural) that is
transmitted directly or indirectly between animals and humans.

Wildlife In this report, wildlife is defined as animals that are not domesticated
(see also free-ranging).
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Background as provided by the Norwegian Food Safety
Authority

After decades without bovine tuberculosis in Norway, the disease was detected again in 2022,
and significant resources have been allocated to attempt its eradication. Bovine tuberculosis,
as referred to here, is tuberculosis caused by Mycobacterium bovis. Bovine tuberculosis is a
category B disease in the European Union, and eradication is therefore required according to
the Animal Health Law. There is great variation in the prevalence of the disease in European
countries. Norway has official free status based on long historical freedom.

Norway monitors the presence of bovine tuberculosis through mandatory reporting, meat
inspection, health surveillance requirements for imports and breeding station testing. In
November 2022, bovine tuberculosis was detected for the first time since 1986. As of now, the
infection has been confirmed in one cattle facility. Two additional facilities with
epidemiological connections have been confirmed based on immunological tests. The source
of infection remains unknown. Bovine tuberculosis has several reservoir species, and
transmission from humans to animals has been described. Furthermore, bovine tuberculosis
has limited contagiousness, a long incubation period, and diagnostic tools with restricted
performance. The occurrence of infection can therefore be challenging both to detect and to
combat.
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Terms of reference as provided by the Norwegian Food Safety
Authority

The Norwegian Food Safety Authority requests a risk assessment of the pathways for the
introduction of Mycobacterium bovis into Norway and Norwegian livestock, as well as an
assessment of critical risk factors related to the detection, spread, and establishment of bovine
tuberculosis in Norwegian cattle populations or among other Norwegian reservoir species. The
aim is to establish a general knowledge base that can be used in various scenarios.

The Norwegian Food Safety Authority requests that VKM does the following:

1. Assess the current risk of the introducing of infection to Norway, focusing on the
movement of live animals, vectors (e.g. food, feed, equipment and vehicles) and humans.

2. Assess the risk of transmission to humans and animals following the introduction of
infection into Norway via the movement of live animals, vectors (e.g. food, feed,
equipment and vehicles) and humans.

3. Assess the risk of reservoirs establishment in Norwegian livestock and in wild fauna.

4. Describe the risk mitigation measures for the points above. Diagnostic options for
detecting infection are also to be described.
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1 Introduction

1.1 Bacteriology and pathogenesis

Mycobacterium bovis is the main cause of bovine tuberculosis (bTB) in cattle but the bacterium
can also infect humans and a diverse range of other animals. This slow-growing bacterium
belongs to the Mycobacterium tuberculosis complex (MTC), which includes M. tuberculosis, M.
canettii, M. africanum, M. pinnipedii, M. mungi, M. caprae, and M. microti. Each species within
the complex is associated with tuberculosis infections in different host species (Thoen et al.,
2013; WOAH, 2022). Genotypes of M. bovis have differences in the formation of visible lesions,
immune response patterns, and virulence levels; however, the genetic factors in both
bacterium and host that determine the association of different genotypes of mycobacteria
with different degrees of disease severity remain largely unknown (Nava-Vargas et al., 2021).

bTB is a chronic disease, and clinical signs may first appear months to years after infection. The
disease’s insidious nature means that infected animals can remain asymptomatic for extended
periods (Chambers et al., 2018), and the infection can silently spread within and between
herds by direct or indirect contact (WOAH, n.d.). The most frequent transmission route is via
inhalation of aerosols, but exposure by ingestion of milk (particularly in neonates) is also
possible. Infection can also occur via ingestion of contaminated feed or water, particularly in
environments where hygiene practices are inadequate (Pesciaroli et al., 2014). Transplacental
or coital infection occurs less frequently (Phillips et al., 2003).

Lesions are most often seen in the lungs, airways and affected lymph nodes as well as in the
intestines, intestinal lymph nodes, and internal organs, reflecting the major routes of entry
into the host (Borham et al., 2022; EFSA, 2017). In cattle, these lesions can impair respiratory
function and lead to a range of clinical signs, including coughing, weight loss, and reduced milk
production. When infecting a new host, the bacteria enter the host through mucous
membranes or breaks in the skin. The bacteria are subsequently engulfed by macrophages in
the local tissues and have the ability to hide from the immune system in compartments within
these cells. Reactivation may occur years later by changes in the hosts immune status. In this
state, diagnostic testing is challenging (Thoen et al., 2013; WOAH, 2022). Cattle acquiring M.
bovis by the respiratory route may theoretically be mildly infectious initially, before they have
mounted an immune response. However, recent experimental studies show that shedding of
M. bovis by nasal or fecal routes in the early phase of infection are likely to be rare events
(Goodchild & Clifton-Hadley, 2001; Holder et al., 2024).

The risk of infection depends on factors such as the infectious dose, the host’s immune status,
animal husbandry related variables, and other variables. The infection may be immediately
cleared, the organism may remain dormant, or it may actively proliferate. Active proliferation
results in the formation of focal or disseminated lesions consisting of dead and degenerated
macrophages encircled by various lymphoid cells. Over time, these cells merge into
multinucleated giant cells, leading to caseation or calcification of the necrotic centre. The
result is the formation of a granuloma, surrounded by a fibrous capsule, known as the typical
“tubercle” (WOAH, 2022). The formation of multiple granulomas results in general iliness,
pneumonia, weight loss, production loss, and eventual death (WOAH, n.d.).
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1.2 The zoonotic character of bovine tuberculosis

Zoonotic transmission of bTB remains a relatively rare event. However, M. bovis can be
transmitted by direct contact between humans and animals or by handling carcasses, indirectly
by consumption of unpasteurised milk and dairy products, but rarely through consumption of
meat and meat products (EFSA, 2003).

This zoonotic risk is the main reason for public health programs to eradicate M. bovis from
domestic animals. The most important public health measure for preventing transfer of M.
bovis to humans is the routine use of pasteurisation of milk practiced in most developed
countries. Pasteurisation has been required by law in Norway since 1951. Today colostrum
must undergo a single high-temperature—short-time treatment. However, an exception was
introduced in 2016 that untreated colostrum can be delivered from one farmer to another
farmer for feeding purposes (Animaliebiproduktforskriften, 2016). In European countries, M.
bovis causes 1 to 3% of human tuberculosis cases and the transmission is mainly through
consumption of unpasteurised dairy products (Appegren et al., 2023). In less developed
countries milk and dairy products will serve as one of the major sources for transfer of M.
bovis to humans (Langer & LoBue, 2014). In general, drinking unpasteurised milk or eating
unpasteurised milk products is rare in Norway.

In stables and barns housing tuberculous cattle, infected droplets and particles may be present
in the air, presenting a hazard to susceptible animals and humans (Cousins, 2001). Thus,
working with infected animals implies occupational risk of disease transmission, among others
for farmers, veterinarians, and slaughterhouse workers (Ciambrone et al., 2020; Krajewska-
Wedzina et al., 2022b; Todd, 2024).

Infection via meat to humans is a rare event (Scientific Panel on biological hazards, 2003),
especially in countries where meat inspection is run efficiently (Langer & LoBue, 2014).
However, the public meat inspection has proven to be important for detection of bTB in cattle
and remains a main tool for detection and surveillance of bTB (EFSA, 2013).

Humans can contribute to spread of M. bovis under certain conditions. For example, in Poland,
molecular investigations indicated that humans may have facilitated the transmission between
cattle herds, emphasising the potential for human-mediated spread of the disease (Krajewska-
Wedzina et al., 2019). Spread from humans is especially relevant if M. bovis is introduced into
a bTB-free population.

1.3 Geographic area of interest

M. bovis is found in cattle and other animals worldwide, but the strategies for controlling and
potentially eradicating the disease vary significantly by countries and regions. The
epidemiological patterns of bTB are influenced by each country’s resources and infrastructure.
Countries with stronger economies and well organised infrastructures, as in Europe, have
typically been working to control the infection for about a century, while less affluent
countries have not been able to implement the same level of control as seen in the Nordic or
other European countries (Thoen et al., 2013).

EU/EEA represents a trade block where animal movements have been relatively unrestricted
over the last generation. The situation for bTB in EU/EEA, and in particular the Nordic
(Denmark, Sweden, and Finland) and Baltic countries, is particularly relevant for this
assessment.
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1.4 Occurrence of bovine tuberculosis in domesticated animals and
humans in Europe

A comprehensive EFSA report (2017) describes Europe as a continent with a high diversity of
bTB occurrence in domestic and wild animals. Further, different countries manage the
situation differently, with the aim to obtain an officially tuberculosis free (OTF) status or even
eradication of the disease. OTF status can be obtained by documenting freedom through
historical and surveillance data, or approved eradication programs. A herd in a bTB country can
be listed as OTF if all animals undergo a bTB test with negative results every year, and there
are no clinical signs or suspicion of bTB infection in the herd (Department of Agriculture,
Environment and Rural Affairs, n.d.). OTF countries or zones are listed in Annex II, 2021/620

(European Union, 2021a).

In summary, the situation in EU/EEA countries is stable, reflecting the slow change in the
epidemiological patterns of this chronic disease. Despite large-scale efforts in surveillance and
control of the disease, there are still regions with high levels in cattle and also some findings in

wildlife, such as wild boars, badgers, and cervids.

The map in Figure 1 gives a summary of the current situation in EU/EEA.

This map is meant purely as a“documentation tool and has . Number of EU-native human cases
no legal effect. ‘
Overseas states are not mapped for cartographic purposes. ® 0
® 1-2
%‘f"\"’*‘ ® 3-5
L
\/\_,_/-} . 6-24
' 25~36
No data
Cattle herd prevalence (%)
o
Ljﬁ >=0.001-0.05
>0.05-0.50
I >0.50-5.00
Bl -s.00
No data
"""" | Not applicable
0 200 400 600 800 1000 ¢
km ’\

/__\(
=0
2.3

* -
.,x

e 8

Ewi Garmn, GEBCD. NOCAANGOC and omer contrduton

Administrative boundaries: ©EurcGeographics . M

Figure 1: Map of the number of confirmed tuberculosis cases due to Mycobacterium bovis or
Mycobacterium caprae in individuals of EU origin, and national herd prevalence of tuberculosis in the
bovine population in EU member states and non-member state countries, 2022. Source: EFSA & ECDC,

2023.

20

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



1.4.1 Cattle

The overall proportion of cattle herds infected with M. bovis in the EU region is low. A
heterogeneous distribution with spatial clustering is typical. In the Mediterranean countries,
more bTB was found compared to other countries of EU/EEA (EFSA & ECDC, 2023). In addition,
UK and Ireland have a large problem of endemic bTB.

Except from the outbreak in Norway in 2022, the documented levels of bTB in the Nordic and
Baltic countries remain low, with no reported cases in cattle after 2015 from the Nordic
(Iceland, Denmark, Sweden, Finland, Norway) or Baltic (Lithuania, Latvia, Estonia) countries.
Figure 1 presents a map with the most recent update on the national herd prevalence of bTB
in EU/EEA (EFSA & ECDC, 2023).

The economic impact of bTB in affected countries is substantial. Infected herds experience
decreased productivity due to lower milk yields and wasting, alongside increased veterinary
costs. Moreover, bTB imposes significant trade restrictions, as many countries have stringent
regulations to prevent the spread of the disease through livestock and animal products. These
economic burdens underscore the importance of effective bTB control measures (Conteddu et
al., 2024).

The worldwide prevalence of bTB in cattle has been estimated to be 13.1% (Ramos et al.,
2020). Within EU, however, the overall prevalence of bTB was very low in 2022 (0.6%, 9845
infected herds) (European Union Reference Laboratory, 2024). The geographical distribution of
bTB in Europe is spatially clustered, with regional prevalence in some non-OTF regions
reaching 15 to 18% (EFSA, 2017). A herd prevalence 10-20% is reported by the United
Kingdom in Wales and England (EFSA, 2017). Seventeen EU countries are currently officially
free from bTB in cattle (European Commission, n.d.). The available data on occurrence
between countries are likely to be biased due to different diagnostic capacities and sampling
strategies (Ramos et al., 2020).

1.4.2 Camelids

Camelids are susceptible to M. bovis infections, but this is not frequently reported from South
America (Bianco et al., 2021). In camelids, the clinicals signs of bTB may include weight loss,
inappetence, exercise intolerance and an intermittent cough (Halsby et al., 2017). Symptoms
are usually associated with severe lung pathology. However, even in cases of severe
pathological changes in the lungs, respiratory symptoms may not occur. Sometimes death is
observed without previous symptoms (Konieczny & Pomorska-Mol, 2024).

In the UK, bTB is existent in the alpaca population comprising of at least 35,000 alpacas. The
spread of infection among alpacas is often due to the movement of asymptomatic carriers
between flocks (Ryan et al., 2008). Between 2019 and 2021 a tuberculosis-prevalence of 1.5%
to 3.8% in UK camelids (individuals) was reported (Animal & Plant Health Agency, 2023;
Department for Environment, Food & Rural Affairs, 2024). In addition, handling South
American camelids has been associated with risk of zoonotic tuberculosis in veterinarian and
owner in the UK (Halsby et al., 2017).

1.4.3 Other domesticated animals

Although cattle are thought to be the main host of M. bovis, a wide range of domestic species
can be infected. In addition to cattle, the bacterium has been isolated from buffalo, bison,
goats, camelids (including alpaca, llama, and camels), pigs, dogs, and cats. M. bovis rarely
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infects horses, donkeys or sheep (Broughan et al., 2013; EFSA, 2017). However, in Spain and
some other countries, several outbreaks in sheep have been reported (Pesciaroli et al., 2014).

Cervids are known to be sensitive for M. bovis infection. An import of European fallow deer
(Dama dama) from the UK to Sweden in 1987, introduced bTB to deer farms. The disease
appeared in 1991 and spread to 12 different fallow deer farms and the last M. bovis case was
recorded in 1997 (Statens veterindrmedicinska anstalt, 2024). This initiated a successful bTB
control program for deer, and the deer farms in Sweden have since been regarded OTF
(Wahlstrom et al., 2010).

Domestic pigs (Sus scrofa domestica) and wild pigs (S. scrofa) are highly susceptible to
mycobacterial infections particular from the M. avium complex (Barandiaran et al., 2021). The
diagnosis may, however, be more difficult to detect in pigs at postmortem meat inspection,
due to different pathological manifestations in pigs than those seen in cattle (Bailey et al.,
2013). However, wild boars are considered as important maintenance hosts and source of M.
bovis in certain European regions (Bailey et al., 2013; Ippolito et al., 2020).

Although horses are relatively resistant to mycobacterial infections, cases of infection caused
by M. bovis have been reported in horses that had close contact with infected cattle (Pavlik et
al., 2004).

Canine infection with bTB has been associated with ingestion of infected raw milk and tissues
from cattle (Barker et al., 2024). In dogs, M. bovis infections were common in the past but
have decreased due to eradication campaigns of infected cattle and milk pasteurisation.

Tuberculosis in cats is considered rare. However, case series and reports from various
European countries have previously been published, indicating that M. bovis was the causative
agent (Pesciaroli et al., 2014). In the UK, 15% of the mycobacterial diseases in cats (N=339)
were caused by M. bovis (Gunn-Moore et al., 2011). Cats can be infected when drinking raw
milk or eating raw meat or offal from infected cows and should be included in the investigation
during outbreaks in cattle (O’Halloran et al., 2021). bTB has never been confirmed in dogs or
cats in Norway, although it is assumed that these species may have been infected at times
when bTB was more common in Norwegian cattle (Saxegaard et al., 1996). Cats and dogs have
also been shown to be infected with M. bovis by owners who have zoonotic tuberculosis
(Barker et al., 2024). Cats have also been associated with transmission of M. bovis to humans
in the UK (Didkowska et al., 2023).

1.4.4 Humans

The EFSA zoonosis report for 2022 (EFSA & ECDC, 2023) describes the situation on zoonotic
tuberculosis caused by M. bovis and M. caprae in EU/EEA. In 2022, there were 130 confirmed
cases of human tuberculosis due to M. bovis or M. caprae in EU/EEA, a rate of 0.03 cases per
100,000 population in OTF countries, and 0.04 in non-OTF countries. A majority of M. bovis
and M. caprae human cases (68.5%) were of EU/EEA origin.

Among the Nordic/Baltic countries, one case of M. bovis in humans was found in Finland in
2020 and one case in Norway in 2019. In Sweden a different pattern was found, with 23
human cases detected between 2018 and 2022. It remains unclear why this rather large
difference exists.
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1.5 Mycobacterium bovis in free-ranging animals in Europe

Wildlife populations involved in the epidemiology of M. bovis have been characterized as
maintenance host if M. bovis has been established and transmitted within the population over
time and a spillover hosts if the infection does not persist in the population. Examples of
maintenance hosts are the European badger (Meles meles) in UK, the European wild boar in
Spain, and the white-tailed deer (Odocoileus virginianus) in North America. The African buffalo
(Syncerus caffer) and the lechwe antelope (Kobus leche) are known maintenance hosts in
South Africa and Zambia, respectively (Bhuachalla et al., 2014). M. bovis infections in wildlife,
and especially in maintenance hosts, have represented an important obstacle in the
eradication of tuberculosis in cattle (Delahay et al., 2007; Fitzgerald & Kaneene, 2013; Gortazar
et al.,, 2011).

1.5.1 Wild boars

Wild boars are common in many EU/EEA countries and bTB has been reported in wild boars
from several countries with a prevalence ranging from 1% to 63% (EFSA, 2017). In France, the
national bTB surveillance system has recorded infection rates of 2.4-3.0% in wild boars, in
regions with bTB outbreaks in cattle (Reveillaud et al., 2018).

In Sweden, the wild boar population has been estimated to count 300’-450,000 animals, with
almost 160,000 animals shot in 2020-2021. A recent serological screening of 286 hunter-
harvested wild boars from three different populations in Sweden revealed no detection of M.
bovis (Malmsten et al., 2018).

The first observation of wild boar in Norway was in Halden in 1994, and the wild boar is today
distributed east of the river Glomma and north to Trysil. There is no accurate estimate of the
size of the current population, but 343 animals were shot during the 2023-2024 hunting
season. This is a reduction from about 450 animals in 2021-2022 season (Steinset & Rundtom,
2021). The wild boar in Norway is regarded as an invasive species. If the population increases,
as seen in Sweden, wild boars may become an important maintenance host for M. bovis in
Norway, should the pathogen be introduced and established.

1.5.2 Cervids

Cervid species in Norway of relevance for this report are red deer (Cervus elaphus), European
fallow deer (hereafter fallow deer), roe deer (Capreolus capreolus), Eurasian tundra reindeer
(Rangifer tarandus tarandus), and moose (Alces alces). The populations and distribution of
moose and red deer, and in some places also roe deer, has increased considerably during the
past decades.

Several wild deer species and populations have been diagnosed with M. bovis infection in UK
and Ireland (Palmer et al., 2015). bTB has become a problematic disease in deer parks with red
deer and fallow deer in England and parts of Wales, especially when sharing pasture with
cattle (Green, 2022). Postmortem examination of red deer and fallow deer from five parks in
England (2005-2020) revealed bTB confirmation in 31% and 39% of the individuals,
respectively. Necropsy findings consisted of purulent abscessation of retropharyngeal and sub-
mandibular lymph nodes, caseous lung nodules and associated lymph nodes, and abscesses in
the mesenteric lymph nodes (Green, 2022). This is in line with findings in five infected red deer
in France (Reveillaud et al., 2018).
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Whether deer species are spillover hosts or maintenance hosts depends on the population
density, contact rates with other species, and other risk factors (Palmer et al., 2015). Based on
findings from bacterial culture and/or Polymerase Chain Reaction (PCR) (0.5%, n=203), a study
of roe deer in bTB endemic areas of France concluded that roe deer was a spillover host only
(Lambert et al., 2017). In contrast, in parts of Ireland a high bTB prevalence among red deer
has been evident over more than a decade, and a comparison of M. bovis isolates indicated
that cattle and deer share strains, suggesting red deer being a maintenance host in that area
(Crispell et al., 2019).

The mainland of Norway has about 20,000 wild reindeer and 215,000 semi-domesticated
reindeer of the same subspecies; Eurasian tundra reindeer. Infections with M. bovis in reindeer
are regarded as exceedingly rare and hitherto poorly documented (Josefsen et al., 2019).
However, reindeer may be affected by bTB in the same manner as other deer species and with
similar disease picture, as indicated by tonsillar inoculation studies (Palmer et al., 2006).
Although it was indicated that lesions may be less severe than in similar experiments in red
deer, the reindeer populations should be regarded as susceptible to M. bovis infection.

1.5.3 Badgers

The European badger is one of the most studied wildlife bTB reservoir, especially in UK and
Ireland. Badgers can contract and spread M. bovis through direct contact with cattle or
indirectly via contaminated environments. Infection of badgers with M. bovis was first
reported from the south-west of England in 1971 and from the Ireland in 1974 (Bhuachalla et
al., 2014) and later also from Spain (Balseiro et al., 2013) and France (Payne et al., 2013). The
prevalence of M. bovis in badgers in UK and Ireland varies between regions but may be as high
as 30-40% (Bhuachalla et al., 2014).

In badgers, most infections with M. bovis are subclinical —a study of 215 badgers in Ireland
reported that 66.7% of infected badgers had no visible lesions (Murphy et al., 2010). This is in
line with findings in France, where only 21.5% of 442 infected badgers showed bTB-like lesions
(Reveillaud et al., 2018).

Some studies have indicated that badgers and cattle does not interact much nose-to-nose, but
that badgers represent a source of infection through their shared environment, which may be
contaminated with faeces, urine, and saliva (Bhuachalla et al., 2014). They also concluded that
neither cattle nor badgers avoided space that had been recently occupied by the other species
(Woodroffe et al., 2021). Thus, transmission of M. bovis from a badger population, in which M.
bovis is endemic, to cattle is possible and likely explains at least some of the challenges with
the bTB eradication campaigns. However, it is disputed to which extent transmission of M.
bovis from badgers to cattle takes place, questioning the importance of the badger as a source
of infection to cattle (Torgerson, 2022). The Randomised Badger Culling Trial in the South-West
of England (1998-2005) addressed the effect of culling badgers on the incidence of bTB in
nearby cattle herds. As a follow up, full genome sequencing of 1,442 bacterial isolates was
conducted to map transmission clusters, rates, and routes of transmission, combined with
cattle movement data. The estimated rate of transmission from badger to cattle was twice as
high as compared to the transmission from cattle to badger, and the within-species
transmission exceeded these rates for both species (van Tonder et al., 2021), which was in
accordance with previous findings (Crispell et al., 2019).

Studies have shown that badgers and cattle often share the same M. bovis genotypes,
indicating a close epidemiological link (Drewe et al., 2013). A significant route of transmission
among badgers is from mother to offspring during the rearing phase (Bhuachalla et al., 2014).
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M. bovis may be transmitted from badgers to cattle either via aerosols or by ingestion of food
which is contaminated with excreta from infected badgers (Bhuachalla et al., 2014).

With the exception of the western coast of southern Norway, the European badger is
distributed in Southern Norway up to Namdalen (Bevanger, 2021).

1.5.4 Other wildlife species

Several other wildlife species, such as the red fox (Vulpes vulpes), are found to be potential
hosts for M. bovis, with verified clinical cases and screenings in UK, France, Portugal, and
Spain. In France, M. bovis infection levels of 5.0-9.2% were found in red foxes in three different
bTB endemic regions, comparable to those observed in badgers and wild boars in the same
regions (Richomme et al., 2020). The red fox is usually considered a spillover host in regions
where bTB is endemic but may contribute to a transmission of M. bovis in the wildlife-livestock
interface, which is probably the case also for other wildlife species (Delahay et al., 2007; Matos
et al., 2016; Michelet et al., 2018; Millan et al., 2008). The red fox is widely distributed in
Norway.

In Europe, bTB has also been identified in the Iberian lynx (Lynx pardinus) as well as in
mustelids (other than badgers) and rodents (EFSA, 2017).

In some cases, wildlife species sharing the environment with cattle, such as rodents, are
infected with non-tuberculous mycobacteria (e.g. M. microti, M. avium subspecies
paratuberculosis, and others) that may be transmitted to cattle, in which they may cause
disease and also interfere with the diagnosis of bTB (Varela-Castro et al., 2020; Vidal et al.,
2022).

1.6 Bovine tuberculosis in Norway

Tuberculosis caused by M. bovis in animals is categorised as a national List 2 disease (serious
diseases) in Norway and a category B disease in the EU, which is subject to control in all
member states with the goal of eradicating it throughout the Union (Krosness et al., 2024b).
Norway has strict biosecurity measures and low (to zero) bTB prevalence and differs in this
respect from several other European countries. In 1994, Norway was officially recognized as
OTF by the EFTA Surveillance Authority (Dyrehelseovervakningsforskriften, 2022).

bTB is generally rare among domestic pigs, horses, and companion animals, and no recent
cases of the disease have been reported in these species in Norway. Tuberculosis in other
animals caused by M. tuberculosis is also extremely rare in Norway and was last reported in a
dog in 1989 (Krosness et al., 2024b). Therefore, these animals will not be discussed in detail in
this report and will only be mentioned if there is a significant connection to the potential risk
of introducing or spreading the disease in Norway.

1.6.1 The campaign against bovine tuberculosis

The eradication campaign against bTB in Norway started in 1894. The Norwegian government
supported voluntary testing of cattle with tuberculin from 1895, which required
implementation of biosecurity measured in farms with positive tests (Liven, 2023). The law on
tuberculosis control in humans was established in 1900 but did not give direction for
tuberculosis control in cattle (Blom, 2002). However, the law forbade contagious humans to be
involved with food production and opened for the government to restrict delivery of milk from
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farms where people were infected (Lov angaaende saeregne Foranstaltninger mod tuberkulgse
Sygdomme, 1901).

Records from the early 1900s show that approximately 20% of the herds had bTB and
approximately 5% of the animals were reactors. bTB was also common in pigs (2.5%). In
Norway, bTB was confirmed by meat hygiene inspections in 318 of 176,000 bovine carcasses in
1935 (1.8%) with a rapid decrease in detection until 1962 when only 0.005% (17 of 318,000
carcasses) was registered. In the 1930s and 1940s, bTB was considered a rare disease in
Norway, and during the 2" world war (1940-45), bTB was only diagnosed in seven cattle herds
(Liven, 2023).

Louis Pasteur invented pasteurisation in 1868, but there was no comprehensive law for
pasteurising milk in Norway before 1937 (Lover vedtatt pd det seksogdttiende ordentlige
Storting, 1937). At that time, bTB was considered a significant zoonosis in Europe, and M. bovis
was responsible for many cases of lymphadenitis in children through milk and dairy products
from infected herds. From 1900 until 1930, tuberculosis was the most common cause of death
in children aged 10-14 years. Pasteurisation of milk, meat inspection, and improved animal
health are believed to have contributed to the decrease in human tuberculosis in Norway
during the early 1900s (Liestgl et al., 2007). A comprehensive effort by public bodies, by
voluntary organisations and, not least, by increased focus on hygienic measure in homes by
the housewives had reduced the risk of infection. After the 2" world war, vaccination and
antibiotic treatment was used to control human infections in Norway (Blom, 2002).

1.6.2 Recent outbreaks

After bTB in cattle was declared eradicated in Norway in 1963, there has been a few outbreaks
in cattle. In 1983, a chronically ill cow from a dairy herd in Jglster (Vestland county), had
tuberculous lesions identified during postmortem inspection at Fgrde slaughterhouse. Two
cattle slaughtered from the same herd were furthermore identified as infected at postmortem
inspection. Testing of the herd identified 14 infected animals and the remaining 28 animals
were culled from the herd. The farmer and his family were not infected. Two heifers that were
sold to Fgrde were also traced, diagnosed with infection, and slaughtered. The original source
of M. bovis was unknown, but the discussion focused on possible zoonotic transfer from
infected humans.

In 1986, infection was detected in both cattle and sheep in a herd in Naustdal (Vestland
county). The herd had received animals from the herd in Jglster. In this outbreak, several
calves were born with congenital liver tuberculous processes (Saxegaard et al., 1996).

Camelidae, including llamas and alpacas, are relatively new species in Norwegian agriculture,
and imported individuals could be a potential source of M. bovis. In February 2016, M. bovis
was suspected in a female llama (Lama glama) during slaughter. The liver contained multiple
grey/white single or confluent nodules characteristic of bTB, and the diagnosis was later
confirmed by PCR (Norwegian Veterinary Institute, 2016). The llama came from a small herd in
the northern part of Rogaland county. The animal was born in Norway on a farm in Telemark
county in 2002 and was moved to Rogaland in 2004. The parents of the animal were imported
from Sweden to the herd in Telemark. The herd had previously imported llamas from
Denmark. No bacteriological culture was obtained from the lesions of the case; thus, the case
was not reported as an outbreak by the NFSA. Based on the outbreak investigation, the
Norwegian Veterinary Institute (NVI) concluded that it was likely that other camelids in
Norway may have (had) M. bovis infection (Norwegian Veterinary Institute, 2016).
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The most recent outbreak in cattle in Norway was detected when a 2.5-year-old cow was
slaughtered on November 3, 2022. The cow originated from a dairy herd with more than 100
cattle in Suldal municipality in northern Rogaland county. The producer had noticed that the
cow had decreased in milk production and reduced body condition after calving. Generally,
there was a good animal health status in the herd, and a normal average milk yield. The NVI
received diagnostic samples from the suspected cow, and histopathological examination
revealed multinucleated giant cells and acid-fast rods by Ziehl-Neelsen staining. PCR from
tissue samples at NVI confirmed infection by MTC. Presence of M. bovis was confirmed by the
EU-reference lab in Madrid, Spain on December 8. A total of 69 cattle were tested by
Interferon gamma (IFN-y), excluding bulls and animals younger than 6 months. All test-positive
individuals (n=35) were culled upon slaughter. Of these, 11 animals had visible lesions at meat
inspection. An epidemiological investigation was initiated to trace movements of animals
between the primary herd and contacts within a five-year period, resulting in a total of 25
herds identified as contact herds. These herds had their free status lifted and animals were
tested by intradermal comparative tuberculin tests. Two contact herds in Masfjorden
(Vestland county) and Vindafjord (Rogaland county) had test-positive animals. All animals in
the Masfjorden herd were culled and in the Vindafjord herd, only test positive individuals were
culled. The index herd finally underwent culling of all animals, and the premises were washed
and disinfected (Iversen et al., 2024). Animals from contact herds are now tagged and subjects
to more thorough meat inspection, according to special instructions. In this outbreak some of
the staff at the slaughterhouse were suspected to be infected after handling a single carcass
(T. K. B. Johansen, personal communication, January 31, 2025). This was based on results from
interferon gamma release assay (IGRA), as measured by a follow-up investigation of potentially
exposed personnel.

1.7 Animal husbandry in Norway

1.7.1 Cattle

In Norway, the cattle production is of two main types: meat and dairy. The production is
distributed throughout the country, with the highest concentration of cattle farms found in the
counties of Innlandet and Trgndelag, followed by Rogaland and Vestland (Figure 2). Over the
past few decades, Norwegian cattle production has undergone significant changes. There has
been a decline in the number of farms, while the sizes of the remaining and newly established
farms have increased. Specifically, the number of beef cattle farms has risen, whereas the
number of dairy cattle farms has decreased. The primary breed used in dairy production is the
Norwegian Red, which is a dual-purpose breed. In pure beef cattle farms, breeds such as
Charolais, Hereford, Aberdeen Angus, Limousin, and Simmental, as well as crosses of these
breeds, are common. Currently, approximately 71% of Norwegian cows are housed in free
housing systems, while the remaining 29% are kept in tie-stall barns (Falk et al., 2024).

In 2023, there were approximately 12,300 cattle farms, of which about 5,400 were pure dairy
farms, about 4,900 were pure beef cattle farms, about 1,100 were mixed farms with both beef
and dairy cows, and about 950 were fattening farms. There was a total of approximately
886,000 cattle. The average number of dairy cows in dairy farms (including mixed farms) was
30.1, and the average number of beef cows in specialized beef cattle farms was 19.2.
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Figure 2: Distribution of cattle farms based on production subsidy applications as of March 2023.
Adapted from Dyrehelserapporten 2023, by Falk et al. (2024).

Compared to most other countries with livestock production, Norwegian cattle farms are
relatively small. Most cattle are kept on pastures during the grazing season.

In 2023, approximately 302,000 cattle were slaughtered (Falk et al., 2024). The number of
dairy cows has decreased by 36% from 1999 to 2024 (Statistics Norway, n.d.-a).

From 2034, new regulations will be implemented, and all dairy and beef cattle farms must be
based on free housing systems. According to current legislations, cows must have outdoor
access for a minimum of 8 weeks during the summer season. For cows kept in tie-stall barns,
this requirement increases to 12-16 weeks based on the grazing area zone location (Forskrift
om hold av storfe, 2004). During this period the cattle are exposed to the environment and
wildlife species.

1.7.2 Camelids

By 2023, there were approximately 300 farms in Norway containing around 2,400 camelids,
which included about 1,500 alpacas and roughly 850 llamas (Figure 3). Additionally, a few
privately owned camels (Camelus bactrianus) were present. Camelids require minimal grazing
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land and relatively little feed. Alpacas are primarily raised for wool production and are sheared
once a year. The first imports of camelids, aside from those in zoos, occurred in 1998 when
llamas were brought into the country. The initial import of alpacas took place in 2004 (Falk et
al., 2024).

Alpacas and llamas
Herds

320
L S— |
Kilometer

Figure 3: Distribution of camelid farms based on production subsidy applications as of March 2023.
Adapted from Dyrehelserapporten 2023, by Falk et al. (2024).

An animal health journal must be kept by the owner of camelids in Norway. The journal must
contain information about the number of animals kept at the premise, identification numbers
and the date of birth for each individual. All dead animals at the premise must be registered
and the date of death must be recorded. All movements to other herds must be recorded and
all contacts with other farmed species must be recorded.
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1.7.3 Other domesticated animals

In Norway, there are approximately 2,400 commercial pig farms, primarily located in Rogaland,
Trgndelag, and Innlandet counties (Falk et al., 2024). Outdoor pig farming is rare, accounting
for only about 0.4% of all pigs in Norway (Animalia, 2022). According to the national horse
registry, there were about 100,000 horses in Norway in 2022; however, the accuracy of this
number is uncertain (Stokstad, 2023).

1.8 Import of live farm animals to Norway

Regulation of trade of animals is based on the principle that live animals can move freely
across national borders in the EEA area. The condition is that the animals are clinically healthy,
test negative for specific pathogens, and the animals are accompanied by a valid health
certificate. The principles are enshrined in EEA legislation (Animal Health Law Regulations (EU)
2016/429 with supplementing regulations and TSE-regulation (EC) 999/2001) and are
implemented in Norwegian animal health legislation.

The import of live animals is strictly regulated in Norway, also due to the role of livestock
animal husbandry organisations. KOORIMP serves as the Norwegian Livestock Industry’s
Biosecurity Unit and was established in 2004 (Animalia, 2017). Biosecurity is a key focus for
KOORIMP, evaluating each import and investigating the disease occurrence in the country of
export. Additional requirements are decided according to this investigation.

To import a live farm animal, the importer must register to the NFSA (Forskrift om handel med
levende dyr m.v., 1999). The animals to be imported must come from registered or approved
establishments and fulfil the identification and registration requirements laid down for the
animals in question (Dyrehelseforskriften, 2022). All imported animals must be followed by a
health certificate declaring freedom from any disease issued by the competent authority in the
country of origin. The health certificate should document the country and establishment of
origin, and animal health status (Dyrehelseforskriften, 2022; Landdyrforflytningsforskriften,
2022; Landdyrhelsesertifikatforskriften, 2022). Additionally, a notification from the competent
authority in the country of origin is mandated (Dyrehelseforskriften, 2022). However, there are
some exceptions regarding the movement of domesticated reindeer in Norway, Sweden, and
Finland. Specifically, reindeer that are moved between pastures as part of Sdmi reindeer
husbandry, or transported between Norway and Sweden for exhibitions, sports, or cultural
events, do not require a health certificate for their movement (Landdyrforflytningsforskriften,
2022).

If the imported animal originates from a country with a lower level of surveillance for certain
diseases than the Norwegian surveillance, the imported animal must be placed in an approved
isolation unit and evaluated by an official veterinarian. The evaluation must be approved by
the NFSA before the animal can be released from isolation. A specific isolation period is
established for imported domestic animals. Animals that are born in isolation follow the
isolation period of the dam (Instruks til Mattilsynet, Distriktskontorene, vedrgrende isolasjon
og undersgkelse av dyr, 2006; Landdyrforflytningsforskriften, 2022). There is, however, no
isolation period for imported deer (NFSA, personal communication, January 13, 2025).

Importing camelids, caprines, and cervids to Norway requires that the animals come from
facilities with specific tuberculosis surveillance. This includes postmortem inspections of all
slaughtered animals and those over nine months old that die naturally, annual veterinary
health visits, and yearly testing of breeding camelids for two years. If no disease cases are
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reported, and the risk of infection is deemed negligible, testing can be discontinued
(Landdyrforflytningsforskriften, 2022).

Bovines older than 6 weeks imported from countries/zones without a disease-free status for
MTC must be tested before import by both CIT (Comparative intradermal test) and a
subsequent serology test within 30 days before shipment. If bovine, caprine, alpacas, or llamas
are isolated after import, the animals need to be tested (CIT and serology) before release from
the isolation unit. Other camelids are subject to individual assessments in collaboration
between NFSA and NVI.

KOORIMP has established additional requirements for the importation of camelids into
Norway. Specifically, these requirements state that the animals must originate from herds that
have not imported live animals. Additionally, the herd must be free of tuberculosis. The
camelids must be born in the exporting country and must be kept in isolation for 30 days prior
to shipment (KOORIMP & KIF, 2023).

All imported cattle should be tested by CIT six weeks before the release from isolation unless
they originate from OTF countries, which exempts testing (Instruks til Mattilsynet,
Distriktskontorene, vedrgrende isolasjon og undersgkelse av dyr, 2006). However, KOORIMP
has set stricter import requirements for cattle. Imported animals must be born in the
exporting country and cannot come from herds that have imported live animals. Before
shipment, the animals must be isolated for 30 days and certified by a veterinarian, with a
negative serological test required. For the first 24 months after arriving in Norway, live animals
from the herd cannot be sold, and the imported cattle must remain isolated from other herds
until they reach 4 years of age. This rule applies to all cattle in the same herd (KOORIMP & KIF,
2023).

For small ruminants and pigs, the CIT is required before the end of the isolation period. For
these species, disease testing can be omitted following an individual assessment and
knowledge of their testing status prior to isolation. Testing of animals coming from countries
or regions with free status is not necessary. KOORIMP has set external requirements for the
import of both small ruminants and pigs.

The number of imported cattle, pigs, sheep, goat, camelids and buffalo in the period 2010-
2023 is listed in Table 1. In this period, only 97 live cattle have been imported (KOORIMP & KIF,
2023). The last import of cattle was in 2017.

In recent years, the population of llamas and alpacas has been increasing in Norway (Table 1),
reflecting a trend seen across Europe. When imports occur, they may come from countries
with significantly poorer disease status in their animal populations compared to Norway.
Import to Norway has occurred multiple times over the recent years, also from New Zealand
(95 alpacas) and Chile (46 alpacas) where M. bovis is common in the cattle population
(Hektoen, 2015). Many farms that have camelids also keep other types of livestock, leading to
potential direct or indirect contact between camelids and the other animals while grazing. As a
result, importing camelids could introduce M. bovis to the livestock in Norway.

The importation of germinal products from production animals in Norway is limited and
restricted by regulations, which will be discussed later in this session. From 2010 to 2015, a
total of 64 bovine embryos have been imported, with no imports registered since. Additionally,
there have been no recorded imports of embryos from small ruminants (sheep and goats)
since 2010. For other species beyond cattle and small ruminants, only four importations were
registered from 2010 to 2014, with no imports occurring after 2014 (Statistics Norway, n.d.-b).
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For both embryos and semen, the majority of products have been imported primarily from
Europe, followed by North America.

Table 1. The number of imported live animals from 2010 to 2023 registered by the Norwegian
Customs, KIF, and KOORIMP. The numbers in parentheses indicate animals imported to zoos or
research institutions and are therefore not part of the regular Norwegian livestock population. The
figures for the import of camelids are from the Norwegian custom and KOORIMP. Twenty cows from
Germany in 2014 were returned by the importer. Adapted from KOORIMP & KIF (2023).

Year Cattle Pigs Sheep Goat Camelids Buffalo
2023 0 0 2 0 1 0
2022 0 0 0 0 1 0
2021 0 0 89 (1) 10 8
2020 0 0 0 0 1
2019 0 0 0 0 0
2018 0 0 16 0 21
2017 6 12 12 0 19
2016 27 (12) 0 0 5
2015 13 0 0 0 28
2014 20 0 43 0 56
2013 30 0 12 0 60
2012 0 24 17 0 12
2011 1 0 39 0 -

2010 0 0 49 0 -
Total 97 36 (12) 279 0(1) 218 8

During the same period, 1,411 doses of bull sperm have been imported, and the number of
registered imports has been increasing since 2015. Import data also shows 91 doses of semen
from small ruminants imported between 2010 and 2015; however, no such imports have been
recorded since. Regarding species other than cattle and small ruminants, 1,377 semen doses
were imported from 2010 to 2015, with no imports occurring in the latter years (2015-2023)
(Statistics Norway, n.d.-b). While the specific types of species were not mentioned in the last
category, we can assume that most of these imports consisted of pig semen, aimed at
breeding programs in Norway.

When importing germinal products such as semen, oocytes, and embryos from bovine,
porcine, ovine, and caprine animals into Norway, it is generally required that they originate
from approved germinal product establishments. The donor animals must originate from
facilities that meet the bTB-requirements established by animal health legislation concerning
the movement of live animals of the specified species. For at least 30 days prior to the first
collection of the semen, oocytes, or embryos and during the collection period, the donors
must have been kept in establishments where bTB has not been reported. The donors must
not show symptoms or clinical signs of bTB on the day of collection of the semen, oocytes or
embryos. In addition, donor bovine animals must come from establishments, in the case of
donor animals of semen prior to their admission to an isolation accommodation, that was free
from bTB and have never been kept previously in any establishment of a lower health status.
Bovine animals admitted to approved semen collection centres must have been subjected to
pre-entry isolation. Within 30 days prior to the commencement of the isolation, the animals
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must have tested negative for bTB. All bovine animals kept in approved semen collection
centres must also be tested for bTB with negative results at least once a year. Similarly,
germinal products from camelids and cervids must come from monitored herds free of bTB
(Avismaterialeforskriften, 2022). In Norway, frozen bovine semen is not subjected to further
testing for M. bovis. Geno imports semen on behalf of producers and breed associations. The
importer must comply with the requirements in the animal health legislation, as well as any
additional requirements from KOORIMP for biosecurity during imports.

1.9 Trade of cattle inside Norway

Each year, approximately 100,000 live cattle are traded in Norway, highlighting the significant
potential for disease transmission through movement of livestock (Animalia, 2021b). The
livestock industry in Norway has established guidelines for livestock trade with clear directives
regarding documentation and disclosure obligations, as well as requirements and
recommendations related to health status (Animalia, 2021a). The aim of these guidelines is to
minimise the risk of spreading infectious diseases associated with livestock trading. Based on
these guidelines, the health of breeding animals must be documented with a standard
livestock certificate, which includes a herd certificate, a self-declaration for the herd, and a
veterinary certificate for each individual animal. Fattening animals also require a standard
livestock certificate, including similar documentation. In some cases, a veterinary certificate
may be needed for individual fattening animals during trade. These guidelines do not include
any official requirements for monitoring or testing for bTB (Animalia, 2021a).

When moving animals, the seller must fill in a self-declaration to declare that the animals have
not been showing symptoms of disease during the last 14 days prior to movement. The
animals must have been at the premise of origin for the duration of at least 30 days prior to
movement. The declaration must also state that no pig, cattle or other camelid have arrived at
the premise of origin within the last 14 days. The self-declaration is not necessary for
movements to pastures. There are also exemptions for movements due to breeding, where
the animals need a veterinary declaration that the animal has not shown any signs of clinical
disease during the last 14 days (Landdyrforflytningsforskriften, 2022).

1.10 Surveillance of bovine tuberculosis in Norway today

1.10.1 Meat inspection

Internationally, meat inspection has been the cornerstone of bTB surveillance systems for
more than a century, considered as a reliable way of detecting bTB in animal populations in
combination with live animal testing. The classic meat inspection described by von Ostertag
(von Ostertag, 1899) used visual inspection of organs and lymph nodes combined with
palpation and incisions. This approach has been used to this date, although the relevance of
the classic technique in low prevalence populations has been debated. This also applies for
Norway, where bTB was declared eradicated in 1963 and where the surveillance is exclusively
based on meat inspection alone (Liven, 2023).

A considerable effort was taken by EFSA in assessing the standard meat inspection procedures
used to detect bTB in EU/EEA. The conclusions from EFSA (2013) resulted in some changes in
the EU/EEA regulations regarding visual postmortem inspection of young bovine animals
(European Union, 2019b), also implemented in Norway:
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“1. Carcases and offal of the following bovine animals shall undergo the postmortem inspection
procedures laid down in paragraph 2:

(a) animals under eight months old; and,

(b) animals under 20 months old if reared without access to pastureland during their whole life
in an officially tuberculosis-free Member State or region of a Member State in accordance with
Article 1 of Decision 2003/467/EC”.

The official veterinarian shall proceed with postmortem inspection procedures using incision
and palpation of the carcase and offal, when there are Indications of a possible risk to human
health, animal health or animal welfare. And for other bovine animals, traditional postmortem
inspection with palpation and incisions are still compulsory.”

As stated in EFSA (2013), omission of palpation and incision might reduce the detection rate
for bTB and could have a negative impact on the overall surveillance system especially in OTF
countries and regions. Extended use of food chain information could compensate for some of
the negative effects, but not all, if only visual postmortem inspection is applied (EFSA, 2013).
Norway implemented the EU/EEA regulations regarding visual postmortem inspection of
young bovine animals (European Union, 2019b), but the NFSA decided to reintroduce the
routines also including palpation and incision in young bovine animals after detection of the
2022 cases of bTB in Norway.

1.10.2 Surveillance in domesticated animals

Norway is recognized as OTF and vaccination against bTB in animals is prohibited. Norway’s
historical disease-free status for MTC in cattle is recognized across the entire country
(European Union, 2021b). The surveillance program for bTB in Norway is designed to comply
with EU regulations, ensuring the country maintains its OTF status. The EU lists MTC as a
category B disease for bovines, bison, and buffalos (European Union, 2018). Hence, EU
countries must either be officially free or establish an officially approved eradication program
to achieve free status for these species (Dyrehelseforskriften, 2022). For Artiodactyla other
than bovines, bison, and buffaloes, MTC is listed as a category D disease which triggers legal
requirements for the importation of these animals, their animal products, and germinal
products. Finally, there are legal requirements for MTC surveillance in all animals due to MTC
being listed as a category E disease in all animals (Avlsmaterialeforskriften, 2022;
Dyrehelseforskriften, 2022; Landdyrforflytningsforskriften, 2022;
Landdyrhelsesertifikatforskriften, 2022).

Immunological methods, specifically skin tests or interferon-gamma tests are mandatory for
obtaining disease-free status and documenting OTF status, as outlined in Annex Il of
Regulation (EU) 2020/689. To maintain disease-free status in Norway, it is mandatory to
implement at least one of these immunological tests in the surveillance for at least a risk-based
selection of cattle (Dyrehelseovervakningsforskriften, 2022).

As mentioned in the previous section (1.10.1), the primary surveillance system for the main
population of animals is based on meat inspection and notification of suspicion of MTC
(Dyrehelseforskriften, 2022). In addition, tuberculin testing is conducted on all breeding bulls
at breeding stations at least once a year, and in imported animals (this topic was addressed in
detail in section 1.8.). If there are any suspicions of disease in bovines at the farm, in
commercial slaughterhouses or in breeding stations, the animal or carcass will be tested
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further. In confirmed cases the farm of origin and epidemiological contacts will be investigated
to identify the extent of spread and attempt to trace back the disease to its source.

The NFSA is responsible for ensuring compliance with EU requirements, while the NVI acts as
the national reference laboratory and designs the surveillance program based on risk
assessments. This collaborative approach ensures that Norway meets EU standards. This
program investigates suspicious organ samples from cattle, camelids, and both farmed and
wild red deer, with the goal of documenting the absence of bTB in Norway. Table 2 shows the
number of samples examined from cattle (2000-2023) and camelids and red deer (2014-2023)
(Krosness et al., 2024a).

Table 2. Samples submitted for testing of bovine tuberculosis from 2000 to 2023, and number of
positive samples. Data from Krosness et al. (2024a).

Year No. of No. of No. of No. of No. of No. of No. of No. red No. of
cattle cattle positive camelid camelid positive red deer positive
samples herds cattle samples  herds camelid deer herds/ red deer

samples samples samples municipalitiessamples

0

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021 1 1 0
2022 12 12 0
2023 67! 56 0 43 2 0 12 12 0
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1 Includes samples submitted following suspicion of bovine tuberculosis, 1 and 5 samples in 2022 and 2023
respectively.

2 Wild animal from one municipality.

3 Includes samples submitted following suspicion of bovine tuberculosis, 1 sample in 2023.
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bTB has never been diagnosed in farmed red deer in Norway. Farmed deer and camelids may
be selected for further examinations if NFSA receives reports of suspected infected-, dead- or
euthanized animals. Necropsies are mandatory in fallen stock of camelids over 9 months of age
or imported. Suspicious findings are followed by histological, bacteriological, and molecular
(PCR) investigations. However, all animals showing signs or having postmortem findings
suspicious of MTC should prompt investigations. During the period 2014-2023, a total of 72
camelid samples representing 65 camelid herds were investigated, with no positive results.
During the same period, samples from three red deer (of which one free-ranging) representing
three different herds/locations were investigated with negative results (Krosness et al., 2024a).
Starting in 2025, the program will also incorporate serological testing of camelids and skin
testing of at-risk cattle populations.

1.10.3 Surveillance in free-ranging animals

Norway is regarded as free of bTB among wild, farmed and semi-domesticated cervids. Wild
red deer, together with other cervids, are investigated as part of the surveillance program for
wild cervids and muskoxen (Ovibos moschatus), since 2000 also including hares (Lepus timidus)
(Reiten et al., 2024). Investigations are conducted upon submission of organs with suspicious
pathological changes identified during meat inspection or when hunters have reported such
lesions and submitted samples.

A wide range of wildlife species may host mycobacteria. Although samples may be investigated
for mycobacterial infections upon suspicion, there are no designated surveillance programs for
badgers or most other wildlife species. However, the NVI and NFSA have a joint health
surveillance program for wild boars.

A total of 64,787 semi-domesticated reindeer, comprising 1,595 tons of meat, were
slaughtered in 2022-23, including private slaughter and own consumption
(Landbruksdirektoratet, 2023). Most slaughter is conducted at designated reindeer
slaughterhouses, and slaughter carcasses are subjected to postmortem inspection by NFSA.

1.10.4 Surveillance in humans

The Norwegian Institute of Public Health (NIPH) is responsible for surveillance of human
tuberculosis cases. Data are summarised in the yearly report of tuberculosis in Norway. In the
period 2019-2023, a total of 652 cases were reported, of which three were infected with M.
bovis (Folkehelseinstituttet, 2024).

1.11 Established diagnostic methods

The extensive research available in the field of diagnostic tests for bTB reflects the challenges
present in the field. No current diagnostic test can correctly identify all infected animals, partly
due to the chronic nature of the disease and the high proportions of sub-clinically infected
animals. After infection, the animal usually controls the infection eliciting a cellular immune
response, usually showing no clinical signs. A large proportion of animals will keep the
infection under control and never show any sign of bTB. Tests measuring cellular immune
responses are needed to identify these animals. Animals that do not control the infection
usually have a lower cellular immune response with an increased humoral response. However,
not all animals will follow this pattern.
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According to EU regulations, the tuberculin tests in vivo SIT (single intradermal test), CIT
(comparative intradermal test) and the in vitro IFN-y are recognized as the official diagnostic
assays for bTB in the Member States (European Union, 2019a). In addition, the IDEXX
serological test and the Enferplex bTB antibody test may be used as ancillary tests (WOAH,
2022). The IFN-y test measures secretion of IFN-y after in vitro stimulation of whole blood
samples with avian and bovine PPD. The test has a higher sensitivity, but a lower specificity,
than both the SIT and CIT and is used in many countries as an ancillary test. A meta-analysis
showed an estimated sensitivity of 87.6% (range 73%-100%) (de la Rua-Domenech, 2006).

Sensitivity and specificity estimation for diagnostic tests depends on the animal population
being tested, the disease characteristics within the population, the quality of Purified Protein
Derivative (PPD) used in the skin test and how the tests are interpreted. A summary of the test
performance characteristics can be found on the website of the European Reference
Laboratory Tuberculosis (European Union Reference Laboratory, 2024) and is also summarised
in the EFSA report.

The EFSA report (2017) also describes further diagnostic methods of immune
positive/suspected animals. Presumptive identification through microscopic histological
examination of material is regularly performed. Acid-fast bacteria might be absent in lesions,
but lesions might still be positive on culture/molecular tests (WOAH, 2022). Confirmation of
infection is thus usually performed by bacterial culture of M. bovis bacteria on selective media.
The method is highly specific, but very time-consuming taking weeks to months. Confirmation
of culture is done by biochemical and/or molecular tests.

Molecular diagnostics is increasingly used for detection and confirmation as it allows faster
diagnosis than conventional culture (EFSA, 2017). Real-time PCR is the most applied molecular
tool for detection of M. bovis and can be used for detection in tissue samples (or clinical
specimens from humans) or for species confirmation of grown cultures. Sensitivity and
specificity of different molecular tests intended for diagnosis of M. bovis in cattle vary
depending on the kit, primers, and probe used. Test sensitivity has been indicated as higher for
PCR compared to culture, while the specificity was comparable (EFSA, 2017, referring to
Courcoul et al., 2014).

Fingerprinting techniques provide data that are suitable for investigating intra- and inter herd
transmission. Most relevant are Spacer oligonucleotide typing (spoligotyping), mycobacterial
interspersed repetitive units (MIRU)-variable tandem repeat (VNTR) typing, and whole genome
sequencing (WGS). These techniques can be used alone or in combination (WOAH, 2022). WGS
is increasingly used routinely for outbreak investigation and understanding of transmission
chains and facilitates analysis of the molecular epidemiology of M. bovis, in animal-to-human
and human-to-human transmission (Guimaraes & Zimpel, 2020).
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2 Methodology and data

2.1 Data and information gathering

To quantify relevant trade pathways, the NFSA provided data on animals imported to Norway,
country of export, import of roughage, and regulations of import.

Testing statistics of cattle in the 2022 outbreak was provided by the NVI and NFSA.

A literature search was performed after the project group agreed on relevant search words
and identified key topics. In addition, the search was supplemented by including relevant
articles from reference lists of included scientific papers, searching the web sites of
organisations, and including previous articles the project members were aware of due to their
expertise on the subject (“snow-balling”). The manual searches resulted in 83 relevant articles,
reports, and papers included in the report.

2.2 Literature search and selection

Literature searches were performed separately for diagnostics, production animals/wildlife,
and zoonosis. The systematic literature searches for studies were conducted by head librarian
Ragnhild Agathe Tornes at the Norwegian institute of Public Health in September 2024.
Searches were done in the databases of Ovid MEDLINE, Embase, Scopus, CAB Abstracts, and
Cochrane Database of Systematic Reviews. The searches were peer-reviewed by head librarian
Marita Heintz or senior librarian Nataliya Byelyey. The searches yielded a total of 4714 articles:
2571 in diagnostics, 781 in production animals/wildlife, and 1362 in zoonosis.

Publication period was set from 2017 to the search date. The complete overview of the search
strategy is included in Appendix I.

2.2.1 Title and abstract screening

The literature screening was geographically limited to Europe, USA, Australia, and New
Zealand. Information about bTB in Asia and Africa was excluded, assumed to be of less
relevance due to a different epidemiology of bTB. In addition, South America was included in
regard to camelids. Information from North America was restricted to deer because of
different live animal testing, lack of animal and herd registers, and less detailed information on
epidemiology. The report does not discuss infection transmission between humans.

Publications not peer-reviewed (e.g. letters, opinions, conference proceedings) were excluded.
The search was limited to articles published in English or Nordic languages (i.e. Norwegian,
Swedish, and Danish). The search was restricted to publications from January 2017, hence
after the publication of the EFSA report on bTB (EFSA, 2017).

The systematic review software Rayyan was used for title and abstract screening (Ouzzani et
al., 2016). Each project member independently screened according to predefined inclusion and
exclusion criteria with blinding activated. In order to harmonise the screening, all members
first screened a subset of 100 articles. After completion, the blinding was removed, scores
were visible, and conflicting decisions discussed and resolved by consensus for better
alignment. Titles and abstracts that did not fulfil the inclusion criteria were excluded from
further analysis. In cases of uncertainty of inclusion, the articles were included for further full-
text screening. After harmonisation, the remaining articles were evaluated by pairs from the
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project group with blinding activated and subsequent discussion of conflicts after completion
of the screening. The primary screening resulted in 322 records (166 in diagnostics, 129 in
production animals/wildlife, and 27 in zoonosis) out of the 4714, which were subject to full-
text screening.

2.2.2 Full-text screening

Full-text articles were screened and assessed for relevance and quality, and a data extraction
workbook was created in Microsoft Excel. The secondary screening resulted in 218 references
that were cited in the report (Figure 4).

Main Search
The publications were identified
searching MEDLIME, Embase, Scopus,
CAB Abstracts, and Cochrane

Titles and abstracts screening
n=4714

Primary screening
Publications not fulfilling the
inclusion criteria were excluded

n=4392
Full textarticles
n=322
Unretrievable full texts
Manual searches n=13
Snow-balling, grey literature
n=74 Secondary screening

Publications not fulfilling the
inclusion criteria were excluded
n=180

Relevant legislations,
regulations, and laws |
n=21

Publications included

in review
n=219

Figure 4. Flow chart for the literature search and screening for bovine tuberculosis.

2.3 Risk assessment methodology

For the questions outlined in Terms of Reference (ToR), risks were identified and assessed
separately.

2.3.1 Description of probability

In answer to ToR we rate the probability modified from EFSA (2019). Probability is described
based on assessment of how likely it is that the negative consequences occur. Probability
intervals range from “Very unlikely” to “Very likely”, as described in Table 3. In the report,
probability is based on subjective assessments (also referred to as expert judgement), rather
than frequency-based probability.
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The probability was based on the assumption that Norway currently has a low or zero
prevalence of bTB in the cattle population. The uncertainty of this assumption is associated
with the lack of knowledge about bTB in the wildlife population and whether spillover to
wildlife may have occurred in the 2022 outbreak. It is still unknown, whether latently infected
cattle may exist or whether individual cattle may have escaped testing of contact herds despite
the tagging of herds and the implementation of extended meat inspections, associated with
these during the outbreak investigation in 2022/2023. In addition, the status of bTB in the
Norwegian camelid population is uncertain based on the 2016 event, when a llama that was
born in Norway, tested positive from lesions on PCR.

Table 3. Ratings used for the probability of negative consequences to occur. Reproduced and revised
from Guidance on Communication of Uncertainty in Scientific Assessments (EFSA et al., 2019)

Rating Probability of negative consequences
Very unlikely 0-10%

Unlikely 10-33%

About as likely as not 33-66%

Likely 66-90%

Very likely 90-100%

2.3.2 Description of confidence assessments

For each assessment of probability, VKM describes the level of confidence with which these
assessments are made. Confidence is based on both the level of information available on that
subject, the relevance of that information and to what degree expert judgement is used (Table
4). In assessing grades and confidence, the whole group has contributed in discussions to end
up with a consensus on each separate question.

Table 4. Ratings used for describing the level of confidence in the assessment.

Rating Confidence descriptors
Very low There is very little or no published data on the topic. Only expert judgement used.
Low There is limited information on the subject, and little peer reviewed literature is

available. Subjective expert judgements may be introduced without supporting evidence.
Some published data exists on the topic, but only limited information from comparable

Medium . N . .
u settings. Some subjective expert judgements are introduced.
High There is sufficient published data, and expert judgements are in concurrence.
Ve G The topic is very well debated in peer-reviewed journals, and international reports. Expert

judgements are in concurrence. Little or no subjective expert judgements are introduced.
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3 Assessment of the risk of introduction, transmission, and
establishment

3.1 Import of live animals

The trade of live animals between countries and regions significantly impacts the epidemiology
of bTB. Molecular evidence (analysis of spoligotype data) from bTB isolates in the UK, indicates
an important role for cattle movements in the long-distance spread of disease and the
establishment of novel strains in new geographic areas. Various studies have underscored the
complexities and risks linked to cattle movements, which can introduce new genetic variants
of M. bovis and heighten the risk of infection within herds. Although testing and isolation is
performed in association with import, escapes may occur due to the variability of diagnostic
test performances. In addition, subclinically infected animals will not be detected by clinical
observation during isolation. As isolation is allowed outdoors, sub-clinically infected individuals
may encounter wild species during the isolation period.

The probability of importing an animal with M. bovis is considered to be low due to a low
number of domestic animals are allowed entrance to Norway. Import of camelids such as
llamas and alpacas must be considered a high risk of introducing M. bovis as they are known to
have a high prevalence of bTB in certain European countries, such as the UK (Konieczny &
Pomorska-Mol, 2024).

3.2 Internal trade

According to Animalia approximately 400,000 cattle are transported in Norway each year, and
live animal trade between farms account for 1/3 of these transports (Midtveit, n.d.). Thus,
approximately 133,000 cattle are traded between farms each year, constituting a network of
inter-herd contacts across the country. The guidelines for trade with live animals imposed by
the industry, clearly state that live animal trading is not recommended due to the risk of
transmitting infectious diseases between herds (Animalia, 2021a). There are no official
requirements for testing against bTB before selling or moving an animal from one herd to
another (Dyrehelseforskriften, 2022). Hence, movements of cattle between farms are the most
obvious and comprehensively recorded interactions among herds and constitute the major
potential mechanism for inter-herd pathogen transmission (Campbell et al., 2020a; Fielding et
al., 2021).

The analysis of cattle movement networks in regions such as Castilla y Ledn, Spain, emphasises
the link between cattle movement and the spread of bTB at farm level. This underscores the
necessity for strict surveillance and control measures to monitor and regulate animal imports
effectively (Pozo et al., 2019). In addition, effective sales control and strict biosecurity
measures are crucial in low-prevalence regions to reduce the risk of disease introduction and
spread (Pozo et al., 2024).

The risk of transmitting bTB from one farm to another also depends on the frequency of
movements in and out of farms (mixing), the type of animal being moved (age), and whether
supershedders (undetected late-stage infection) are present in the selling unit (Fielding et al.,
2021). The risk of moving an bTB infected animal, from one herd to another is a highly likely
event if bTB is present. It is also believed that colostrum does not protect against infection
with M. bovis (Byrne et al., 2022b). Many calves are moved to other herds for fattening,
potentially increasing inter-herd transmission risk.
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3.3 Establishment in domesticated animals

The transmission and establishment of infection depends on a number of factors. For example,
the duration of bacterial shedding, the number of bacteria shed, and the routes of excretion
will influence the risk of transmission. The susceptibility of an individual to infection is also
crucial. Type of contact (direct, indirect, exposure time, population density) and other
biological factors (genetics, infectious dose, route of infection, bacterial strains, and bacterial
fitness) may influence the risk of infection (Justus et al., 2024).

The highest spread of bTB within a herd is thought to occur when animals are housed indoors,
at high stocking densities (Campbell et al., 2020a). In addition, inter-herd M. bovis-
transmissions can occur when herd-to-herd contact occurs during grazing on adjacent pastures
(Campbell et al., 2020b). Farm hygiene and air ventilation are also important factors that can
increase the risk of creating supershedders within the herd (Brooks-Pollock et al., 2014).

Herd size and production type are also acknowledged risk factors of bTB (Ciaravino et al., 2021;
Fielding et al., 2021). Companion animals or wild animals having access to cattle feed are a risk
of introducing bTB to farms. In Spain, surveillance data between 2014 and 2016 showed that
the possibility of infected individuals remaining in the herd after culling of test positive animals
(residual infection) may be a cause of breakdowns (Milne et al., 2020). Purchase of infected
cattle was likely in 13.8% of the breakdowns, sharing pastures (5.8%), or infected neighbouring
farm (3.0%). Among the farms that reported a bTB history in humans (N=7), transmission from
human to cattle was documented in only one farm (Ciaravino et al., 2021).

3.4 Establishment in free-ranging animals

Many free-ranging species may be hosts for M. bovis. The transmission to and establishment
of infection in free-ranging animals depends on the shedding of bacteria and routes of
excretion, as well as other factors, such as species, population density, and animal social
behaviour. Norway has borders to Sweden (1630 km) and Finland (736 km), and a shorter
border to Russia (198 km). There are trans-border pasture rights for semi-domesticated
reindeer in some regions, and shared populations of wildlife species, such as badgers, wild
boars, foxes, moose, large carnivores, and others between these countries. Given the M. bovis
free status in Sweden and Finland, it is not likely that migration of free-ranging species will
contribute to a primary introduction to Norway. However, introduction from Russia cannot be
excluded.

Transmission may occur from cattle and other livestock to free-ranging animals, and also the
other way around (van Tonder et al., 2021). The badger has often been defined as a
maintenance host and reservoir for M. bovis, and thus a potential source of infection to
livestock and humans (Bhuachalla et al., 2014). The badger is an adaptive and opportunistic
omnivore that is often inhabiting fields and farmland, thus interacting with livestock and their
outdoor surroundings. An important transmission route in badgers is respiratory transmission
from the dam to the cub. However, the infection pressure in the environment is expected to
build up over time since M. bovis is excreted with saliva, urine, and faeces and may survive in
the environment for up to 6 months, which may contribute to the transmission to other
species (Allen et al., 2021).

The population of wild boars in Norway is currently restricted in numbers and geographical
distribution, and investigations have not revealed indications of mycobacterial infections in
this population. This may, however, change if M. bovis is introduced to wildlife populations,
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since the wild boar is shown to be a maintenance host for bTB in some European countries
(lovane et al., 2020; Reveillaud et al., 2018; Varela-Castro et al., 2020).

Farming of red deer and fallow deer, defined as wildlife, started in Norway in the 1980s and is
based on animals that were originally captured from wild populations. Since cervids are
potential maintenance hosts, M. bovis may become established in the deer populations, and
thus represent a source of infection for livestock and humans. Also, for deer species, the social
structure and behaviour is important for transmission, especially the contact between mother
and offspring. Reindeer is a typical gregarious species, forming herds with close physical
contact which may facilitate transmission.

Semi-domesticated reindeer are seldom in direct contact with livestock but are sometimes
found on grazing land and pastures for cattle, sheep, and goats. These shared environments
may contribute to the transmission of M. bovis if the pathogen has been introduced. The
borders between Norway and Russia and Norway and Finland are closed for reindeer herding,
but the border between Norway (Nordland and Troms counties) and Sweden is more flexible
due to old regulations that allows herders to let reindeer migrate between lichen-rich pastures
in the inland and green coastal pastures (Ravna, 2020). Thus, the zoo-sanitary situation among
Norwegian semi-domesticated reindeer in the border region with Sweden is to some extent
associated with the health status of the Swedish herds (i.e. mixing of herds). Extensive
cooperation between herders may be an important way of spread, should M. bovis be
introduced and established in free-ranging animal populations. Reindeer are gathered in
round-ups, which means extensive contact between animals from different herds. In a
questionnaire survey among Norwegian reindeer herders, 29% of the respondents (n=63)
reported that their herd had contact with > 25 other reindeer herds during the year (Tryland et
al., 2016). This contact takes place through shared pastures, but also through collaborations
between herding groups, with shared use of transport vehicles and corral systems. Reindeer
are slaughtered at designated slaughter facilities, which sometimes necessitates live animal
transport over long distances, which may contribute to spread of bTB through contaminated
vehicles, corrals, and fomites.

3.5 Spread between domesticated and free-ranging animals

The population density of free-ranging animals plays a key role in direct and indirect contact
and potential for transmission to cattle. Badgers may be spillover hosts in areas with low
badger population densities versus maintenance hosts in areas with high badger densities
(Bouchez-Zacria et al., 2023). For direct aerosol transmission a distance of 1-2 meters is
required, which is a rare situation according to studies reviewed by Ferreira et al. (2023), but
shared environments play a crucial role in interspecies transmission of bTB. A study from
Portugal showed that among indirect contacts between cattle and wildlife, red fox, red deer,
and wild boars were the most frequent, and that the frequency of contacts was highest for all
wild animals during the wet season (Ferreira et al., 2024). Since both the wild boar and deer
species (when population density is high) are known to be maintenance hosts of bTB, these
indirect interactions may play a key role in transmission to cattle (Ferreira et al., 2024; Justus
et al., 2024).

The badger is considered a maintenance host in the UK and a reservoir for breakdowns in
cattle farms (Brunton et al., 2017). Other studies indicate that wild ungulates may play a
certain role in circulating bTB in transmission cycles between cervids, wild boar, badgers and
cattle in certain areas (Allen et al., 2025). Trapping of badgers around the pastures
(prospection zones) of the infected farms and focused meat inspection in hunted wild
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ungulates is advocated to investigate whether the infection has been passed on to wildlife
compartments (Bouchez-Zacria et al., 2023). If the bacterium is allowed to establish in the
wildlife reservoir hosts, the bTB situation in cattle may be very difficult to control.

3.6 Transmission by mechanical vehicles

Contaminated feed and roughage can act as pathways for the transmission of bTB and
imported roughage might contain M. bovis (VKM et al., 2022). Import of roughage represents a
hazard for introducing M. bovis to the animal population in Norway, but the probability of
introduction will vary depending particularly on the disease situation of the country/area of
origin (VKM et al., 2022). Experimental studies showed that M. bovis can survive in various
feedstuffs for a long period across a range of temperatures, indicating a significant
environmental risk (Allen et al., 2021). Depending on the ensilaging process, silage may be a
low risk feed in regards to being a source of viable M. bovis, based on inoculation of various
types of silages (Grooms et al., 2019). However, M. bovis may survive in silage and the
conditions prevailing in the silo may allow the organism to survive in an encysted state of
dormancy (Phillips, 2005). An elevated pH level with aerobic deterioration of silage may also
encourage survival of M. bovis (Rao et al., 2001). After an extreme drought that led to a
reduction in the production of roughage in Norway in 2018, more roughage was imported
compared to a normal situation. In 2019, the annual import of roughage was 112,300 tons.
According to official statistics, roughage was imported from Iceland, Finland, the Netherlands,
and Sweden, all OTF countries (VKM et al., 2022).

Other examples of indirect spread as for many zoonotic bacteria are manure, irrigation with
contaminated water, human faeces from camping sites, faeces from livestock or wild animals,
and carcasses of rodents and birds containing M. bovis (VKM et al., 2022). In Portugal, studies
on environmental presence of MTC DNA in water, soil, and mud from 38 sampling sites in a
bTB endemic area, revealed that 49% of the samples were positive (Ferreira et al., 2024). This
indicates that environmental contamination was widespread in that area. In certain bTB
endemic countries, slurry that has been stored for less than two months has been associated
with transmission of bTB to neighbouring farms (Phillips et al., 2003).

Since studies report that infected cattle shed M. bovis in faeces, and equipment that is
contaminated with faecal material or other remnants of biological material (milk, saliva or
purulent material) may pose a threat for transmission between farms (Allen et al., 2021).
Farmers may share certain equipment such as hoof trimming chutes, manure spreaders, and
cattle trailers that may be contaminated. Transmission could occur if vehicles are not
thoroughly cleaned and disinfected between the farms. Commercial cattle transports are
subject to regulations that ensure good hygienic practices and are therefore regarded less
important in the spread of M. bovis between farms (Forskrift om naeringsmessig transport av
dyr, 2012).

Interactions among wildlife at water sources can also lead to contamination of the water with
M. bovis, which may then be consumed by other animals. Research has indicated that water
sources serve as crucial points of contact between various wild species within the bTB multi-
host system, facilitating both intraspecies and interspecies transmission. The sharing of water
sources between cattle and wildlife has been identified as a significant risk factor for bTB
infection in cattle (Payne et al., 2017).

Furthermore, a previous experimental study has documented the viability of bacteria in
mineral and salt and salt-mineral blocks (Kaneene et al., 2017). Although there are limited
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specific studies on the role of salt mineral blocks as carriers of bTB in epidemiological studies,
it is reasonable to consider that these blocks could serve as potential sources of infection.

Invertebrates, particularly arthropods such as flies and beetles, could theoretically serve as
mechanical vectors for M. bovis. However, there is currently no substantial evidence
supporting this transmission route (Palmer et al., 2023).

3.7 Transmission by biological vectors

An association between tick-borne encephalitis and tuberculosis has been demonstrated,
which was believed to be due to the suppression of immunity by mixed infections, rather than
the ticks acting as a reservoir of the disease. M. bovis has been found in ticks taken from the
skin of infected hosts, and studies in Armenia confirm that ticks can carry viable mycobacteria
for many months. M. bovis may be transmitted through inoculation during tick feeding
activities (Phillips et al., 2003).

3.8 Zoonotic transmission

Human-to-cattle transmission of M. bovis at herd level has infrequently been reported
(Lombard et al., 2021) but remains a relevant question. As previously described, discussion
about the possible human origin of the bTB cases in Norway in cattle in mid 1980s has not
been settled (Krosness et al., 2024b). A few stories of human-to-cattle transmission are
described from other countries, such as New Zealand (Black, 1972), and the Netherlands
(Huitema, 1969). Even more such historical cases are listed by Grange and Yates (Grange &
Yates, 1994). Common to all these cases is that human-to cattle-transmission has not been
proven by modern sub-typing technology. Accordingly, it is some uncertainty connected to
these cases. The dominant view is that human to cattle transmission of M. bovis is not very
important, and transmission of MTC from humans to animals more frequently involves M.
tuberculosis. Cattle will then primarily act as a spillover host for M. tuberculosis in areas with
high levels in humans (Langer & LoBue, 2014). However, since M. bovis is able to infect
multiple animal species, including humans, sub-clinically infected animals and personnel that
are not required to be isolated or tested, may accidentally introduce the pathogen to
Norwegian cattle. This could occur when travelling pets or guest workers come into close
contact with Norwegian herds (Barker et al., 2024; Ciaravino et al., 2021).

Occupational transmission of M. bovis to owners and workers in herds, and to slaughterhouse
workers is not unusual. As previously mentioned, a significant risk of M. bovis infection exists
by consumption of unpasteurised cows’ milk and dairy products (on-farm or retail sales) (de la
Rua-Domenech, 2006). Occupational exposure to infectious aerosols from tuberculous animals
and carcasses also implies possibilities for disease transmission (Krajewska-Wedzina et al.,
2022a; Mia et al., 2022; Thoen et al., 2013). Todd (2024) mentions farmers, milkers,
veterinarians, and assistants visiting farms and in particular veterinarians performing cattle
necropsies as personnel that might be exposed. Exposure to aborted foetuses, infectious after
birth tissues, vaginal discharges, sick animals handling, and environmental factors are all risk
factors for disease transmission to humans (Mia et al., 2022). In a study of Ciambrone et al.
(2020) performed in four slaughterhouses in Italy, M. bovis was detected on meats, on the
hands of workers, and in the washing water. This study concluded that workers are highly
exposed to infection by zoonotic tuberculosis, and that cleaning procedures seemed to be
ineffective in this matter. A specific guideline for occupational practitioners taking care of
employees exposed to bTB is warranted and should be tailored to level of exposure (Vayr et
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al., 2018). The results of the study of Pascual-Linaza et al. (2017) showed that the differences
in the risk of disclosure of bTB-like lesions in slaughtered cattle between slaughterhouses
might be explained by slaughterhouse-specific factors, such as inspection facilities or
procedures. Optimising factors like level of lighting at inspection points, slaughter line speed,
and the performance, training, and experience of official inspectors will increase the sensitivity
in detecting bTB. These factors are particularly important in cases with limited Food Chain
Information (FCI) (EFSA, 2013).

A genetic fingerprinting study from Spain, England, and Ireland showed that the genotype of
47% of human isolates was identical or similar to that of bovine isolates, suggesting that recent
infections of M bovis could be more frequent in humans than previously thought (Appegren et
al., 2023).

4 Assessment of diagnostic methods

4.1 Tests measuring cellular immune response

4.1.1 Tuberculin test

The standard test in surveillance and control programs for bTB remains the tuberculin test
(WOAH, 2022). It detects delayed hypersensitivity responses to Purified Protein Derivative
(PPD) injected intradermally. Both the SIT (single intradermal test) and the CIT (comparative
intradermal test) are recognized as official tests for bTB in EU member states. A considerable
variation in sensitivity and specificity estimates of these tests is reported in the literature
depending on the epidemiological circumstances and which comparator was used in the
various studies. However, in general, the SIT is believed to have a higher sensitivity while the
CIT, which has the possibility to distinguish between animals infected with M. bovis and other
mycobacteria, has a higher specificity. The sensitivity of the test can be increased by changing
the cut-off for a positive test denominated severe interpretation. The severe interpretation
can be used for break-down investigations and other circumstances where a higher sensitivity
is desirable. Other factors influencing the accuracy of the tuberculin test are the training and
experience of the person performing the test, good testing facilities and the quality of PPD (see
below). The tuberculin test is less sensitive in goats and sheep, but the specificity has been
reported to be acceptable (Roy et al., 2020).

4.1.2 IFN-y test

The IFN-y test measures secretion of IFN-y after in vitro stimulation of whole blood samples
with avian and bovine PPD and is used as an ancillary test in some countries. A study
evaluating the test in five OTF countries reported high specificities (> 98%) in some areas while
others had unacceptable specificities even when attempting to adjust the cut-off for the test
to be suitable for use in OTF countries (Gomez-Buendia et al., 2023). This variation is caused by
many factors like the population tested and the presence of other mycobacteria, like soil
mycobacteria, and/or M avium. Furthermore, the IFN-y test requires live cells and factors like
the temperature during transport and time to the laboratory is important. The IFN-y test has to
date mainly proved useful in cattle, less data is available in other species.
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4.1.3 Other biomarkers

Several other biomarkers for cellular immune responses have been studied as reviewed in
Smith et al. (2021). However, further research is necessary to identify biomarkers that can
supplement the diagnosis of bTB.

4.1.4 Antigens used in tests measuring cellular immune responses

As mentioned above, the sensitivity and specificity of tests measuring cellular immune
response depends on the antigens used in these tests. PPD is a crude extract of M. bovis with
ill-defined constituents. The quality of the PPD is thus another important factor affecting the
result of bTB testing. Production of PPD is dependent on several factors and each batch
produced will contain different amounts of the various antigens. The PPD should hence be
subjected to potency testing preferably in the target species, however, potency testing is often
only done using Guinea pigs (Duignan et al., 2019). There have also been attempts to use
molecular defined antigens like the well characterised ESAT6/CFP10 and others both in the
tuberculin test and the IFN-y test (Alvarez et al., 2017; Middleton et al., 2021; Praud et al.,
2019). The concept is valid with promising preliminary results. Molecularly defined antigens
are also used extensively in the human equivalent of the IFN-y test for diagnosis of
tuberculosis. The validation of such tests in a larger cattle population is still lacking.

4.1.5 Special concerns for wildlife, farmed deer, and camelids

The EURL provides protocols for performing the tuberculin test in deer and camelids. However,
estimates for sensitivity and specificity are varied and there is also a lack of larger studies. It is
generally recognized that the performance of the test in deer and camelids is poorer compared
to bovid species. Different IFN-y tests for deer have been developed (Risalde et al., 2017,
Waters et al., 2008), however the tests are not commercially available, and more data are
needed. In free ranging wildlife tests measuring cellular immune responses are not practical
and not evaluated.

4.2 Serology

Methods measuring antibody responses have generally been considered an ancillary test to
detect anergic animals in which the immune system has shifted from a Th1 to a Th2 immune
response. However, this view is based on older studies using crude antigens made from whole
M. bovis cells (Plackett et al., 1989; Ritacco et al., 1991). Several studies over the last 30 years
have demonstrated that antibody responses to individual recombinant antigens can develop
much earlier post-infection (Koo et al., 2005; Waters et al., 2011), and several diagnostic tests
have become available based on this principle like the multiantigen print immunoassay
(MAPIA) and the dual-path platform (DPP) (Lyashchenko et al., 2017; Waters et al., 2017). The
IDEXX M. bovis Ab test is a standard ELISA test that also uses purified specific antigen and is
the only ELISA test proved for ancillary use by the World Organisation for Animal Health
(WOAH). The P22 ELISA is another recently developed test that uses an immunopurified
subcomplex from bovine PPD called P22 (Infantes-Lorenzo et al., 2017). A mean to increase the
sensitivity of all serological assay has been in focus over the last decade. It has been
demonstrated that analysis of serum samples taken in the anamnestic window 10-30 days
after the skin test often referred to as “boosted” samples will significantly increase the
sensitivity of these assays (Casal et al., 2014; Waters et al., 2015).
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Recently the Enferplex bTB antibody test has become available using a multiplex assay where
the individual response to selected antigens is measured using chemiluminescence (Whelan et
al., 2008; Whelan et al., 2010). This test uses 11 antigens known to be immunogenic and
causing little cross reactivity with other mycobacteria. The threshold for positivity is set so that
minimum two antigens must be positive for the test to be considered positive. Furthermore,
one can choose to use either a high sensitivity setting or a high specificity. The diagnostic
accuracy was tested on reference sera obtained from Europe and the United States of America
(O'Brien et al., 2023). Altogether 3183 negative reference samples and 3979 positive reference
samples were used. A strength of this study is the large number of sera, and the various
comparator used which is an important in a disease where a gold standard does not exist. The
specificity estimate was 98.4% and 99.7% using the high sensitivity on the high specificity
settings respectively. The specificity was not affected by previous tuberculin testing. The
relative sensitivity in boosted samples in animals positive on cellular test and confirmed
infected by cultivation ranged from 96.9% to 97.2%. Interestingly, the sensitivity in skin test
negative, interferon gamma negative, lesion positive animals was high as 82.2% to 83.6% in
boosted samples. The study clearly demonstrated the advantages of performing the antibody
test in the anamnestic window (5-30 days) post tuberculin testing which gave significantly
increased sensitivity without affecting the specificity. The Enferplex bTB antibody test is
approved by WOAH as an ancillary test for the diagnosis of bTB (WOAH, 2022). The test has
also been evaluated on individual milk samples from cattle (O'Brien et al., 2024). Kappa
analysis indicated almost perfect agreement between milk samples and serum. The test has
recently been approved by the WOAH as an ancillary test in infected herds and as a screening
test to identify herds with M. bovis infection.

4.2.1 Special concerns for wildlife, farmed deer, and camelids

Although serological tests in general have a lower sensitivity, they are much cheaper and more
practical than cellular based assays, particularly for use in free-ranging animals. Thomas &
Chambers (2021) reviewed the diagnostic methods for bTB in captive and free-ranging non-
bovid species focusing on immunodiagnostic tests. The main species studied over the last
decade were wild boar, deer (several species) and badgers which all are important
maintenance hosts for bTB. They found that most studies focused on various serological
methods including ELISAs, lateral flow devices, STAT-PAK® and DPP. The tests use different
antigen like MPB83, MPB70 ESAT6, CFP10, PPD and P22. Some of these tests reported
relatively good sensitivities and specificities particularly in wild boar (Fresco-Taboada et al.,
2019). However, sample sizes were limited, and confidence intervals were large. A study in
deer (red deer and fallow deer) using three different antibody tests showed a specificity range
98.8-99.5% and sensitivity range 76.6—85.7% for skin test-boosted farmed deer, and 51.4—
58.1% for non-boosted wild deer (Barton et al., 2023). Busch et al. (2017) also demonstrated
the usefulness of measuring the antibody response in the anamnestic window after skin
testing in deer in break-down herds. This principle is also supported by Infantes-Lorenzo et al.
(2018) with the development of a P22 ELISA. The strategy of measuring skin-test boosted
antibody response in captive deer and camelids is likely to increase the sensitivity in these
species and would be useful in an out-break situation.

4.3 Culture and histopathology

Few papers describe benefits of culture as methodology compared to other diagnostic
methods (Larenas-Munoz et al., 2022; Serrano et al., 2018; Yates et al., 2017). However,
culture is still regarded the gold standard method, although time consuming and with varying
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sensitivity, depending on differences in slaughter-house procedures, preservation of samples,
decontamination procedure, and differences in culture media and methodology (Lorente-Leal
et al., 2019). Also, depending on the route of infection, distribution and development of
lesions vary, additionally influencing bTB diagnostics (Serrano et al., 2018). Pure grown
cultures however provide a valuable tool for further analyses like WGS and is recommended
for epidemiological analyses (Lorente-Leal et al., 2021). Culture is also often used as the
reference method when validating other detection methods.

Histopathology still is regarded as a quick and cost-effective method. Histopathology combined
with reference methods such as bacteriological culture and real-time PCR is recommended to
improve detection of bTB (Larenas-Munoz et al., 2022).

4.4 PCR

Direct real-time PCR on tissue samples (lymph nodes) is an alternative diagnostic method that
shortens time until confirmation drastically compared to culture. Different PCR targets are
used in different studies, mainly 1IS6110, mpb70 and 1S4 (Lorente-Leal et al., 2019; Lorente-Leal
et al., 2021; Sanchez-Carvajal et al., 2021; Vera-Salmoral et al., 2023). Results show overall high
diagnostic performance and good sensitivity and specificity when compared to culture,
although with variation between studies.

The European Reference Laboratory has two publications from the search period, one from
2019 (Lorente-Leal et al.) describing a real-time PCR based on the mpb70 gene to detect MTC
in cattle tissue samples, and one from 2021 (Lorente-Leal et al.) targeting IS6110. The methods
showed overall good performance comparable to previous studies and high agreement
between culture and real-time PCR, highlighting the potential for real-time PCR as first line
technique. Cross-reactivity was detected against two other mycobacterial isolates for the
IS6110 PCR. Two other Spanish studies also presented results from direct real-time PCR, one
targeting IS6110 (Sanchez-Carvajal et al., 2021) and one targeting IS6110, mpb70 and IS4
(Vera-Salmoral et al., 2023). The first study showed somewhat lower sensitivity and specificity
compared with other studies, that could be explained by less samples with TBL/less advanced
disease stages. The second showed similar results with IS6110-PCR as other studies, while
estimated diagnostic sensitivity for both mpb70 and 1S4 was significantly higher or similar to
what was previously reported. Both studies highlighted that the choice of DNA extraction
protocols are crucial for high quality results.

Combining real-time PCR targeting IS6110 with PCR targeting other MTC-specific sequences,
such as the mpb70 PCR, is recommended for confirmation of positive samples is situations
where speed, high specificity, and sensitivity are required, such as a low bTB prevalence area
(Lorente-Leal et al., 2021).

Droplet digital PCR (ddPCR) is an alternative third-generation PCR technology known to be able
to detect small amounts of DNA with high precision and sensitivity. A Spanish study evaluated
ddPCR targeting 1IS6110 and got an adjusted sensitivity and specificity of 90.8% and 100%,
respectively. They concluded that the method could be an alternative to real-time PCR on
difficult material (necrotic or calcified tissue) and material with low bacterial load (Sanchez-
Carvajal et al., 2024).
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4.5 Other possible or future diagnostic methods

Liquid atmospheric pressure (LAP)-Matrix-Assisted Laser Desorption/lonization (MALDI) was
examined as an alternative diagnostic platform for detection of bTB from live animals using
nasal swabs as sample material, as an alternative to the tuberculin skin test and IFN-y test
(Lellman et al., 2023). This technique had previously been used for detection of bovine mastitis
(Hale et al., 2019). Results indicated that LAP-MALDI could serve as a single-visit diagnostic tool
capable of providing results on the same day as sampling, but further studies are necessary.

A study from UK describes the development of a method that uses a bacteriophage (D29,
Actiphage®) as lysis agent for efficient DNA extraction from low numbers of mycobacterial cells
(Swift et al., 2020). This method used in combination with PCR achieved rapid and sensitive
detection and identification of viable, pathogenic mycobacteria in blood samples within 6
hours providing a possible future rapid diagnostic method.

Another study described a Nanoparticle-based Immune Detection Assay (NPIDA) utilizing
functionalized ferromagnetic gold nanoparticles (AueFe304 NPs) developed for identification
of M. bovis in bacterial cultures (Gilbride et al., 2021). The novel assay differentiated between
M. tuberculosis and M. bovis and could potentially replace conventional Ziehl-Neelsen staining
and subsequent molecular identification of culture samples.

Lateral flow immunochromatographic device (LFD) for confirmation of culture samples was
evaluated across veterinary diagnostic labs, showing specificity for M. bovis and M. caprae.
The LFD’s performance was compared to confirmatory tests like spoligotyping and real-time
PCR, with varying results. The method has a potential as a rapid test to confirm isolation of M.
bovis and M. caprae following culture but need further validation (Stewart et al., 2017).

4.6 Summary of diagnostic tests

Improving the diagnosis of bTB in cattle is essential for controlling and eradicating the disease.
Current tests have low to moderate sensitivity, so combining different diagnostic methods,
both ante-mortem and postmortem, is a strategic approach to enhance detection of M. bovis
(Larenas-Munoz et al., 2022).

The advantages and disadvantages of different test for bTB in live animals and their use in
different circumstances are summarised in Table 5 and 6 below.
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Table 5. Advantages and disadvantages of different test for bovine tuberculosis in live animals

Type of diagnostic Advantages Drawbacks

test

Tuberculin test Standard screening method worldwide  Requires trained personnel
Best documentation Requires two visits

Dependent on source and quality of PPD
Repeated short- interval testing is not

possible

IFN-y test Reduced animal handling Require live cells (transport time,
Inconclusive tests can be repeated temperature important)
immediately Difficult to implement in remote settings
Higher* sensitivity Lower* specificity
Insufficient documentation in other
species than cattle

Antibody test Able to identify animals not detected by Lower* sensitivity, unless boosted samples
other assays are used

Useful as an ancillary test after tuberculin
testing

Suitable for large scale testing in
surveillance programs

Milk surveillance possible
*as compared to the tuberculin test

Table 6. Recommended diagnostic methods for use in different settings in Norway (adapted from
WOAH, 2022)

Method Purpose

Testing in Confirmation of  Confirmation of Infection tracing National National
isolation suspected cases  suspected lesionsin outbreaks surveillance- surveillance-
cattle wildlife

Detection of immune response (live animals)
Tests are generally evaluated for cattle, less data on performance for other animal species (goat, camelids, wildlife)

Tuberculin +++ - - +++ XK 5

test

IFN-y test +++* - - +++ - -

Antibody +++ - - +++ + +

tests (boosted) (boosted)

Detection of the agent (postmortem)

Meat - +++ - +++ ++ ++
inspection/

pathology

Culture - +++ +++ - - -

Real-time PCR - +++ +++ - - _
(direct on
specimens)

Key: +++ = recommended for this purpose; ++ recommended but has limitations; + = suitable in
limited circumstances; — = not appropriate for this purpose

*only evaluated for cattle, less data on performance for other species

**suited, but labour intensive. Cost-benefit assessment needed
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5 Surveillance and control measures

Surveillance is often a complex process with many levels of decisions (Guetin-Poirier et al.,
2022), and the so-called multi-criteria approach must be adapted to each situation. Control
strategies for bTB in domesticated animals typically involve a combination of regular testing,
culling of infected animals, and movement restrictions. Efforts to control bTB in livestock
populations are increasingly adopting a One Health approach, recognizing the
interconnectedness of human, animal, and environmental health. This approach advocates for
integrated surveillance and control strategies that consider the disease dynamics across
different species and ecosystems (Conteddu et al., 2024).

5.1 Import of live animals

As a member of the EEA agreement, Norway follows specific regulations for controlling the
import of live animals. Despite the high risk of introducing M. bovis, animals can be imported
to Norway from other EEA States in accordance with EEA legislations. Additionally, the entry of
animals from third countries is also allowed under EEA legislation. As previously described, the
official system regulating import works together with the KOORIMP system. In combination,
these two systems enable a dynamic regulation of the import of live animal.

The origin of farmed red deer in Norway is from captured wild animals. Due to pasture rights
for semi-domesticated reindeer on both sides of the Norwegian Swedish border (Nordland and
Troms), Swedish reindeer may appear in round-ups along with Norwegian animals and vice-
versa but there is no regular import/export of live semi-domesticated reindeer to Norway.

5.2 Internal trade and movement control

In Norway, internal trade of cattle is extensive and there are no specific regulations that
consider the risk of spreading bTB between herds. In several parts of Norway, pastures are
shared between farms, especially small ruminants grazing on mountain pastures. Furthermore,
cattle are grazing outdoors during the summer. These practices allow direct and indirect
contact between herds and between livestock and wild animals.

Currently, there is no routine testing of live cattle for M. bovis in Norway, meaning that
effective control measures to reduce the risk of transmission between herds during cattle
movements are lacking. There is thus a risk of spreading bTB between herds and regions if bTB
is established in Norwegian cattle or other farm animals. There is limited documentation on
the extent of inside-country trade and transport of live cattle in Norway. This reduces the
ability and speed to trace contact networks form infected herds if M. bovis is detected in a
herd.

Contact with wildlife and other factors such as inward movements of cattle from infected
areas or herds, are important in the short-range spread of M. bovis (Févre et al., 2006; Gilbert
et al., 2005). The previous EFSA scientific opinions on bTB emphasised the importance of
animal movement in the epidemiology of the disease. It highlights that animal movement
between herds and regions significantly contributes to the spread of disease (EFSA, 2014,
2017). The opinions call for stringent control measures, including movement restrictions and
thorough testing, to prevent the disease from spreading. Introduction of bTB by cattle
movement into previously unaffected areas is a critical aspect of disease management and
control. Dairy cows and young stock intended for fattening are traded extensively, often
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involving long-distance transports in Norway. Both groups are at risk of carrying undetected
bTB infections (Broughan et al., 2016; Byrne et al., 2022a).

Free-ranging animals (reindeer, roe deer, and red deer, moose, fox, wild boar, and badger) are
also present on fenced pastures that are shared with livestock in certain areas. In addition,
distribution of mineral supplements and feed by farmers can attract wild species onto
pastures, increasing the risk of bTB transmission (EFSA, 2014). Diseased wild animals such as
badgers in the terminal stage of bTB, may seek farm building for shelter and easy access to
feed, and may thus increase the risk of introducing M. bovis to cattle herds (Phillips et al.,
2003).

5.3 Transmission from vehicles

Import of roughage could represent a risk for introduction of bTB into Norway as described in
3.6 in this report.

The use of unpasteurised, fresh or fermented/chemically acidified milk for feeding calves in
Norway may pose a risk of transmitting bTB to young stock if M. bovis is present in the herd.

5.4 Free-ranging animals and indirect transmission

Upon introduction of M. bovis to Norway, there is a possibility that the infection may spread to
and establish in maintenance hosts, such as wild boars, badgers, and cervids, and infect
spillover hosts, such as red foxes. Cervids and wild boars are farmed or wild, hunted or
slaughtered, and used for human consumption in Norway. This increases the chance of
detecting pathological changes that are associated with M. bovis infection in these species at
farm-based slaughter facilities or through game meat control procedures. It can be more
challenging to detect M. bovis infections in badgers, red foxes, and other free-ranging species.
Norway also hosts free-ranging species that are listed as endangered or critically endangered
(e.g. wolf, lynx, wild reindeer, and arctic fox), and the introduction of a disease like bTB into
these populations could be devastating for the conservation of these species (Norwegian
Biodiversity Information Centre, 2021). Restricting access of wild grazing animals to imported
roughage will reduce the risk of transmitting M. bovis to wildlife (VKM et al., 2022).

M. bovis may be transmitted between wild animals and domestic animals, both ways (Rossi et
al., 2022). Any presence of bTB in free-ranging animals may theoretically be transmitted to
livestock, and any movement of live free-ranging animals with M. bovis infection may
represent a hazard for other free-ranging animals and livestock. Although the import of red
deer to Norway is uncommon, there is an exchange of animals between farms, which could
contribute to spread if the pathogen is present. Testing of live animals is thus necessary to
verify an M. bovis free status among farmed red deer.

To detect presence, and to prevent the establishment of M. bovis in free-ranging animals, it is
necessary to investigate a certain number of individuals, investigating further relevant samples
from animals with suspicious pathology. This can be conducted as a targeted surveillance,
actively gathering samples from one or more target species to be able to gain data over time,
on prevalence, geographical distribution, circulating pathogen strains, and differences
between age and gender etc. Samples for this purpose may be gathered during regular hunt or
through research project activities. A non-targeted surveillance can be used to gather more
random information from samples or carcasses submitted for inspections, e.g. road-kills and
animals found dead in the field. Data from non-targeted surveillance is often more scattered
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geographically and in time. Even if a non-targeted approach can reveal presence of a pathogen
or disease, it may not give information on pathogen prevalence and reliable timelines. Thus, to
reveal presence and survey if M. bovis is present and established in a free-ranging host species,
a targeted approach may be necessary.

M. bovis has not been detected in free-ranging species in Norway. Experience from other
countries with bTB-endemic regions strongly indicates that it is difficult to achieve complete
eradication in cattle if the infection is established in wildlife. However, a range of strategies
have been used to control M. bovis infections in wildlife and reduce their contribution to the
epidemiology of M. bovis. Control strategies for tuberculosis in badgers have been culling,
measures to physically separate cattle from badgers, vaccination, and fertility control,
sometimes in combination (Benton et al., 2023; Bhuachalla et al., 2014), all which may be
relevant also in Norway, should M. bovis become endemic in badgers or other wildlife species.

Culling has been the most common mitigation strategy. However, this may have negative
effects, such as compensatory reproduction, increasing the number of young and susceptible
individuals in the population, and increased movement and dispersal (EFSA, 2017). Several
recent reports conclude that culling alone may contribute to increased spread of the pathogen
and increased incidence rates in cattle. This could be due to interruption of social settings in
the badger population, increased mobility, and some individuals may act as super-spreaders,
being in contact with multiple social badger groups over periods of many months (Gaughran et
al., 2018; Torgerson et al., 2024). Culling may thus contribute to the distribution of the
bacterium to new regions and increased prevalence in cattle (Ham et al., 2019).

One alternative strategy to avoid this effect of culling is to catch badgers, test them for bTB,
and selectively remove bTB-positive animals and vaccinate bTB-negative animals, the so-called
Test and Vaccinate or Remove approach (Allen et al., 2024; Arnold et al., 2021). This approach
contributes to a selective removal of the bTB-positive individuals only and increased
immunological competence in the remaining. Vaccination of badgers may not only reduce the
likelihood of the badgers to become infected but may also restrict the severity and progression
of disease and transmission (Benton et al., 2023). Vaccination with an injectable badger-BCG
vaccine has been used since 2010 to a limited scale and mostly restricted to high-density
badger populations (Benton et al., 2023). Trials have also been conducted with oral bait
vaccines (Carter et al., 2018). The effect of vaccination alone has been disputed, and there are
indications that vaccination of remaining badgers in badger populations that recently have
been exposed to culling is more efficient than vaccinating badger populations at their carrying
capacity (Smith et al., 2022).

In spite of large eradication programs of bTB in cattle, culling, and vaccination of badgers and
wildlife habitat management, no country with a recognized wildlife reservoir of bTB has been
successful in eradicating bTB in its cattle population (Boggiatto et al., 2023), although very
successful eradication programs have been launched in New Zealand and Australia, controlling
M. bovis in possums (Trichosurus vulpecula) and in buffalo (Bubalis bubalis), and feral pigs,
respectively (More et al., 2015; Sinclair et al., 2023). The persistence of the disease in wildlife
reservoirs, coupled with the limitations of current diagnostic and control methods,
necessitates ongoing research and innovation (Palmer et al., 2023).

5.5 Meat inspection

The public meat inspection has proven to be important for detection of bTB in cattle (EFSA,
2013). Meat inspection is referred to as the cornerstone of surveillance of bTB in countries
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where the prevalence is extremely low, or where the disease has been considered eradicated
(Thoen et al., 2013). Meat inspection is a census-based system with a direct control effect, and
findings in carcasses of wildlife has a similar effect. Particularly, reduced postmortem
inspection procedures such as reduced palpation and incisions would have negative impact of
the percentage of detection (Woldemariyam et al., 2021). However, the conclusion from EFSA
(2013) was that incision of the lymph nodes might lead to cross-contamination with Salmonella
spp. and Verotoxin-Producing Escherichia coli (VTEC) and that omitting incisions of lymph
nodes during postmortem inspection of bovine animals would not result in a significant
increase in public health risk from Mycobacterium spp.

The conclusion of EFSA (2013) was that the sensitivity of the current meat inspection system
for detection of bTB is low. If a change to a visual only postmortem procedure was introduced,
the sensitivity would be further reduced and being unreliable for surveillance, especially in the
regions of OTFs such as Norway. A range of studies have been published regarding the ability
of meat inspection procedures to detect bTB. However, it should be kept in mind that these
procedures are linked to the level of disease in each area/country. Thus, it is difficult to
translate to the current situation in Norway. Furthermore, populations differ on age, and
modern cattle husbandry as practiced in Norway have few animals of old age with a late stage
of infection. Developed lesions of bTB can also be detected during further slaughter
procedures and especially meat-cutting procedures.

Meat inspection remains a main tool in controlling bTB in animal populations. Following the
2022 outbreak, a stricter approach to meat inspection regulations has been used, also
including palpations and incisions in cattle younger than 20 months. Furthermore, looking for
pathological lesions of bTB in organs of hunted wildlife will increase the detection rate in a
surveillance system.

5.6 Pasteurisation of milk

Pasteurisation remains one of the most important public health measures in modern history.
Today’s regulation of pasteurisation states: “All milk and cream sold for consumption must be
heat-treated. As an exemption from this requirement, raw milk and raw cream can be sold
directly to the consumer from a farm or mountain farm for use in their own household. This
exemption only applies if the sale is incidental and does not resemble a retail sale.” With a
limited sensitivity in the current surveillance systems, bTB may exist in a population without
being detected for years. With this uncertainty, it remains of major importance to maintain
strict rules for pasteurisation for milk to be consumed or used in dairy products. If regulations
allow selling non pasteurised milk or dairy products, strict hygiene rules are necessary. A VKM
report (VKM, 2006) discusses this question, points to the importance of this treatment not
only for controlling bTB, but also for limitation other milk-borne agents from animals to
humans. Historically, pasteurisation of milk to be used as animal feed was required by law as a
preventive measure against bTB. Today, no such requirement exists in Norway, increasing the
risk of transmission within and between farms during milk feeding if bTB is present.

5.7 Zoonotic transmission

In the current situation, the risk for zoonotic transfer in Norway is extremely low. However, if
the situation changes in our animal populations, this will impact the control strategies. Some
concern is linked to workforce in Norwegian animal husbandry with a background from

countries with high levels of bTB with the possibility of transmission of M. bovis from humans
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to cattle. A modern health care system will however often detect bTB in humans before it
enters into an infectious stage.

As previously described, infected animals can represent a source of infection for
slaughterhouse staff during slaughter and meat inspection. Infection control measures should
be considered when animals from infected or suspected herds arrive at the slaughterhouse.
Gloves and protective clothing are measures that might be used to avoid contamination when
handling carcasses or examining sick animals, followed by thorough hand wash/disinfection.
Fine particle masks (FFP3) can be used by slaughterhouse workers and meat inspection
personnel for protection, and especially where aerosol-generating procedures may occur
(Folkehelseinstituttet, 2022).

Similar hygienic measures should be undertaken in herds or animals in herds suspected of
being infected. This would include owners, other farm personnel, veterinarians, and others in
contact with the herd and having contact with other herds (Folkehelseinstituttet, 2022).

It might be an appropriate public health intervention to identify humans who might have been
infected by animals with tuberculosis at farm level through either an airborne or foodborne
(consuming unpasteurised milk) route.

5.8 Molecular surveillance and outbreak investigation

The identified literature describes various molecular typing techniques including
spoligotyping and Multi-Locus Variable number of tandem repeat Analysis (MLVA), that have
been the traditional methods for studying the epidemiology of M. bovis (WOAH, 2022).
However, WGS is becoming the preferred method due to its higher resolution and ability to
provide detailed insights into transmission patterns (Allen et al., 2024; Guimaraes & Zimpel,
2020; Kohl et al., 2020; Perea et al., 2021).

A review from 2020 describes M. bovis genotyping techniques and discusses use of WGS for
transmission investigation, surveillance, and global lineages distribution (Guimaraes & Zimpel,
2020). Most studies use single nucleotide polymorphism (SNP) thresholds to analyse for
clusters and relatedness, using five SNPs as a stringent threshold and up to twelve for a more
relaxed approach. The review highlights that WGS offers superior resolution compared to
traditional methods like MIRU-VNTR and spoligotyping and allows for more accurate
identification of transmission clusters and epidemiological sources.

Other studies support the findings from the review. Research from New Zealand described
three outbreak investigations and demonstrated that WGS could confirm sources of infection
and identify wildlife reservoirs in areas previously thought free of infection (Price-Carter et al.,
2018). In Germany, an OTF country, WGS analysis of strains from animals and humans revealed
persistent infection cycles, indicating challenges in controlling and eliminating the pathogen
(Kohl et al., 2020). The study also showed that MIRU-VNTR types correlated well with
sequence data but did not accurately trace gradual evolution of transmission clusters as well
as WGS. Spoligotyping results correlated with the major groups identified by WGS but could
not be used to determine clusters. Studies from Spain and Northern-Ireland emphasised the
importance of using high-resolution molecular surveillance in low-prevalence settings and for
efficient disease trace back (Allen et al., 2024; Perea et al., 2021). For wildlife surveillance,
WGS provide an excellent tool for investigation and surveillance of transmission in and
between wildlife and cattle (Allen et al., 2024; Perea et al., 2021; Price-Carter et al., 2018).
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More recently WGS has been successfully applied to analyse sequences directly from tissue
samples using an enrichment procedure, enabling rapid and cost-effective outbreak
investigations compared to analysis based on cultured isolates. Further validation is however

necessary (Zeineldin et al., 2023).

Overall, WGS is recognized as the method of choice for molecular surveillance and outbreak
investigations of M. bovis, providing critical insights into the pathogen, epidemiology, and
transmission dynamics.
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6 Risk mitigation measures

This chapter concludes the scientific views of VKM and is based on the current epidemiological
situation for bTB in Norway. Due to the low number of imported farm animals, the risk of a
bTB-infected animal or herd is introduced to Norway is small. However, there is a concern of
spread to cattle and camelids due to internal animal trade should the pathogen be introduced
or established in the population. In addition, the importance of free-ranging animals in spread
after an introduced infection is not known. Furthermore, the source of infection in the recent
outbreak (2022) of bTB in cattle is still unclear, leaving uncertainties to whether the disease
was reintroduced, had a human source or whether it had been silently circulating in animals
for a period of time before its eruption.

6.1 Import of animals and breeding materials

The import of live animals is the single most hazardous activity connected with the risk of
introducing bTB to Norwegian livestock. The current regulations on isolation and testing does
not exclude trading of farm animals from countries that may have M. bovis circulating in the
animal population. Movement of cattle, camelids, domesticated pigs, and small ruminants with
undetected bTB across borders may not be disclosed by the current testing in isolation and
thus pose a risk of introduction. Keeping import of animals and breeding materials to Norway
from other countries (regardless of OTF status) at an absolute minimum are measures which
will have a significant impact on reducing the risk.

The present low number of cattle imports limits the risk of introduction of bTB. There is a
limited import of camelids to Norway, but the prevalence of bTB in camelids is less
documented internationally than for cattle. Therefore, there is a risk of introducing bTB to
Norway by import of camelids.

6.2 Internal trade and movement

To reduce the risk of spreading M. bovis in Norway, if the pathogen is introduced or
established, setting up regular screening programs, strict biosecurity measures, and improved
traceability systems will ensure early detection and containment of bTB. The current
regulations for internal cattle trade and movement may not be sufficient to limit risk of spread.
After establishment of M. bovis in Norway, strict practice of veterinary health certification,
including testing for M. bovis, can mitigate the risk of spread from possible infected animals.
Additionally, educating farmers about biosecurity practices both within herds and between
herds can reduce the spread of M. bovis.

The bTB status of camelids is uncertain in the Norwegian population. Trade with camelids
between farms is common in Norway and is not restricted. Detection of bTB in alpaca in
Norway (2016) disclosed that the infection may exist in the camelid population in Norway.
Therefore, similar to cattle trading and movement, introducing pre-trade testing, and strict
practice of veterinary health certification for the trading and movement of camelids in Norway
will reduce the risk of spread of M. bovis.

To reduce the risk of bTB transmission through shared grazing, it is important to minimise
contact between livestock and between livestock and wildlife. This can be achieved by fencing
pastures to keep wild animals out and carefully distributing feed to avoid attracting them.
Shared watering points can also facilitate the spread of bTB, so it is important to manage these
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areas to limit wildlife access. Additionally, educating farmers about the risks and promoting
practices to reduce wildlife contact can prevent the spread of bTB after potential introduction.

6.3 Transmission by vehicles

Introduction of bTB to Norway may occur by imported roughage. Avoid importing roughage to
Norway from countries and regions with bTB reduces the risk. Roughage produced without use
of livestock manure and at properties that practice high stubble height during forage
harvesting, could further reduce the risk. It is important with properly ensiled roughage and
sorting out poor-quality roughage as roughage containing excrement and carcasses carry the
risk of M. bovis. Recommendations regarding packaging of silage are important because holes
in the packaging might lead to an aerobic deterioration and other conditions for survival of M.
bovis. A veterinary certificate stating the relevant disease status of the area of production and
storing for at least two months in the country of origin before export will reduce the risk of
spreading through roughage.

Sharing and movement of equipment between farms and the transfer of feed and manure
between farms can pose a risk for M. bovis transmission. Compared to solid manure, which
undergo biological composting during storage (minimum 30 days), slurry does not reach
temperatures that inactivate M. bovis (McCallan et al., 2014). Storing slurry on infected farms
for a minimum of six months before spreading is recommended to avoid spread of M. bovis.
Disinfection of slurry before being spread on fields for grazing or forage production may
reduce the risk of M. bovis survival in contaminated manure. Shared equipment is also
relevant for herds of semi-domesticated reindeer, since reindeer herding is based on
cooperation between herders, often sharing corral-systems (fences) for gathering and sorting
animals as well as transport vehicles (trucks and barges). This may necessitate hygienic
measurements in a situation where M. bovis is introduced.,

6.4 Free-ranging animals

Avoiding import of live animals (e.g. red deer, fallow deer), as is the general practice today, will
reduce the risk of introducing bTB to Norway. Trade and transport of red deer between farms
and semi-domesticated reindeer between herders and regions, may represent an effective
spread of the pathogen should M. bovis be introduced to these facilities and herds.

Depending on the current situation (geography, host species, population density, etc.), specific
geographical regions or zones may be defined, with tailored mitigation strategies, such as
avoiding trans-border migration of semi-domesticated reindeer and transport of live animals
from affected populations. The design and establishment of specific and detailed sampling and
testing regimes may be necessary to reduce the contribution of free-ranging animals to the
epidemiology of M. bovis, should the pathogen be introduced and established.

The establishment of an invasive species like the wild boar in Norwegian ecosystems,
represents the introduction of a suited maintenance host and reservoir for M. bovis. Thus,
control (hunt) and surveillance (testing) of the wild boar population, as well as other wildlife
species, such as badgers, wild boars and cervids, will reduce the risk of establishment of bTB in
free-ranging animals. In addition, investigation of suspicious pathological changes reported
from hunters will increase early detection of bTB in wildlife population.

If M. bovis should be introduced to semi-domesticated reindeer, the pathological changes are
expected to be identified through regular meat inspection practices. If M. bovis is expected to
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be present in free-ranging species and populations, it is important to disseminate information
about typical and species-specific pathological changes to hunters, deer farm owners, and
reindeer herders. An early detection of M. bovis in free-ranging species could mitigate spread
and establishment after a potential introduction, and specific species, populations, and
geographical regions may be identified for strengthened and active surveillance. The number
of samples to be analysed will be dependent on the actual situation.

6.5 Zoonotic transfer

Direct zoonotic transfer from animals to humans may occur especially in occupational contact
with animals. In the present situation with a probable bTB free population of cattle and other
animals, special measures against bTB transfer to humans are not recommended. However,
general measures like hand hygiene and pasteurisation of milk are still vital. As described,
some small-scale productions are given exceptions from the regulations, and this poses a risk
of transmission of M. bovis.

The question of bTB transfer from humans to animals is more complicated. Humans carrying
M. bovis may infect animals especially in occupational contact. Possible measures may include
testing of farm workers coming from countries where tuberculosis is endemic in the human
population and/or the cattle population.

6.6 Outbreak management

Rapid outbreak investigation and immediate follow up is essential for prevention of
establishment of bTB. Key elements to effectively control and eradicate the disease include
removal of infected animals/herds, stringent follow-up investigations with regular and
systematic testing and thorough postmortem meat inspections to detect infected animals and
herds. In addition, enhanced farm biosecurity measures are important to reduce the risk of
transmission, both to wildlife and environment locally and to limit the spread of the disease
between herds and regions by strict movement control (WOAH, 2022). A One Health
perspective with close cooperation with public health authorities is important to manage the
zoonotic risk to humans. Regularly updated contingency plans including wildlife will guide
correct handling of the situation.

6.7 Meat inspection

Meat inspection is the cornerstone of surveillance of bTB in Norway and other countries where
the prevalence is extremely low, or where the disease has been considered eradicated. A
stricter enforcement of meat inspection regulations, also including palpations and incisions in
cattle below 20 months of age, was introduced after the 2022 outbreak. Keeping this system
until the situation has been better documented will probably reduce further spread of bTB.

Recommending autopsy or pathological examination of organs with pathological changes in
game will increase the probability of detection in free-ranging animals.

6.8 Diagnostic recommendations

As mentioned above, the diagnosis of bTB is challenging due to the nature of the disease and a
lack of a gold standard. Test-positive animals will often lack visible lesions in postmortem
examination. Cultivation and/or PCR are sensitive methods for diagnostics providing samples
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are taken from tissues containing bacteria. This will obviously not always be the case in many
animals. Any test-strategy aiming to increase the possibility to detect latent infection will
result in a higher number of culled animals where the infection cannot be confirmed. Such
results will inevitably lead to discussions on the test-regime used and whether an animal and a
herd is truly infected or not. Too extensive testing in low-risk herds will give a low positive
predicted value, and the benefits of any testing regime must be balanced against the interest
of the herd owners and the financial costs of culling animals (Byrne et al., 2022c; Madden et
al., 2024).

6.8.1 Testing of live animals

A strategy using a combination of tests will give the best sensitivity. The interpretation of the
available tests can also be adjusted. One can choose the severe interpretation of the skin test,
lower the cut-off threshold on the IFN-y test and use the “high sensitivity” settings of a
boosted Enferplex antibody test. A high sensitivity strategy is recommended in imported
animals before release from isolation. To achieve the best sensitivity, one should apply the
tuberculin test at the same time as the IFN-y test followed by serology 10-30 days after the
tuberculin test. Culling test-positive animals, and retest after at least 60 days of animals with
an inconclusive test will reduce the risk of introducing M. bovis to Norway. A similar strategy is
recommended in outbreak investigation of contact herds. A high sensitivity strategy could also
be considered when moving animals between regions especially from areas where bTB
recently has been detected.

In countries where bTB is endemic, the tuberculin test is used in control and surveillance
programs. This is a labor-intensive and costly method and is not regarded as a cost-efficient
method in OFT countries and areas. However, it can be considered in non-contact herds in
regions with ongoing and recent outbreaks. To date the only other method that may be useful
for general surveillance is serological assays like the Enferplex. The method is approved for
screening of serum and of milk samples, and a large study on bulk-milk samples awaits
publishing. The result of this study may provide information on whether bulk-milk screening is
a strategy to consider in the near future.

6.8.2 PCR and WGS

Although culture is still regarded the gold standard method for confirmation of bTB, real-time
PCR is recommended to be used alongside culture to confirm results and provide a quicker
preliminary diagnosis. Early detection through real-time PCR allows for quicker isolation and
management of infected animals, reducing the risk of further transmission. As discussed above
(chapter 4.4), combining real-time PCR targeting IS6110 with PCR targeting other MTC-specific
sequences is recommended for confirmation of positive samples in situations where speed,
high specificity, and sensitivity are required. This is particularly relevant in low bTB prevalence
areas (Lorente-Leal et al., 2021). WGS is recognized as the method of choice for molecular
surveillance and outbreak investigations of M. bovis, and culture of samples is still
recommended to secure high-quality material for such analyses.
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7 Uncertainties

In risk assessment methodology for infectious diseases, uncertainty is often split into the
inherent biological variability of an event or a chain of events and the uncertainty linked to lack
of information or knowledge. In this report, the assessments are mainly qualitative in nature,
but we have also tried to use some semi-quantitative assessments in our assessment of the
probability of a negative consequence and the confidence linked to this probability. The main
uncertainty addressed is linked to answering the basic question about whether bTB is
established in Norway or not. However, the underlying variability of different factors in the
chain of events described for potential introduction/establishment and spread of bTB adds to
the total uncertainty in our assessments.

7.1 Occurrence in Norwegian domestic animals

There is uncertainty regarding the presence of M. bovis in Norwegian livestock as recent
outbreaks/detections have occurred both in cattle (2022) and camelids (2016). Diagnosis of
bTB in live animals is challenging due to the chronic nature of the disease and the lack of a gold
standard test. Meat inspection is the main tool for surveillance of the disease and relay on
visible lesions in slaughtered animals. Animals with latent infection will often lack visible
lesions in postmortem examination. Taking into account the latency of infection in cattle and
the normal production life of an animal (5-7 years), an index case can potentially spread M.
bovis for a long time before detection. The relatively young animal identified as infected in the
2022 outbreak may thus be an exception. For potential spread to wildlife, an even longer
period before detection may be expected due to less systematic testing/meat inspection.

7.2 Uncertainties related to wildlife

The risk of introduction of M. bovis through wildlife into Norway depends on the occurrence of
the infection in wildlife in neighbouring countries (Russia, Finland, and Sweden), as well as on
the movement of species (badger, deer, wild boar, etc.) into Norway. Data for these factors are
generally lacking, although some testing data from Finland and Sweden are available. In recent
decades, the populations and geographical distribution of wild ungulates have steadily
increased. Badgers are widely distributed in the southern part of the country and a new
species, the wild boar, is establishing in Norway in increasing numbers. Hence, VKM can only
make an educated guess as to the potential for introduction of M. bovis by free ranging
animals crossing our borders. Importantly, wildlife in Norway have not been systematically
tested for bTB, even in the close surroundings of the recent outbreak in cattle. VKM cannot
rule out the possibility of M. bovis already being present in wildlife populations in Norway,
since the source of infection in cattle remains unknown. Depending on animal density and
other ecological factors, wildlife may gain the role as maintenance hosts, as seen in other
European countries.

7.3 Uncertainty regarding zoonotic transmission

There is limited knowledge of the zoonotic potential of M. bovis, and few recent studies assess
this topic. Uncertainty is linked to identification of mycobacteria in older published literature
prior to advances in the field of diagnostic tests for bTB. Older studies examining the zoonotic
potential may be outdated and not comparable to more recent research, adding to the
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uncertainty. Hence, it is unknown whether this result is an under- or overestimation of the
significance of transmission of M. bovis from human-to-cattle and from cattle-to-human.

7.4 Uncertainties regarding environmental survival

The probability of introducing M. bovis to Norway via roughage is unclear. M. bovis can survive
in various environments, particularly in cool and moist conditions. However, its survival in
roughage like hay or silage is less investigated and may depend on factors such as moisture
content and storage conditions. Further, survival of M. bovis in different environments,
including in slurry, is very uncertain. M. bovis can survive in slurry for several months,
depending on temperature and pH levels. This uncertainty complicates risk assessments, as
slurry is commonly used as fertilizer, potentially contaminating pastures and water sources.
This may affect the potential for indirect transmission to domestic and free-ranging animals.

7.5 Risk assessment methods

VKM used expert knowledge to interpret available data to categorise the risk of introduction
and spread of M. bovis. An effort was made to synchronise the assessments; however, a
subjective input can lead to variability in conclusions depending on the expert’s experience,
perspectives, and relative weighting of different factors. Individual subjectivity makes the
outcome of risk assessments partially observer-dependent, as experts might interpret the
same data differently. Our assessments were mainly qualitative, but with some semi-
guantitative elements. A reliable quantitative assessment would not be possible to establish
today due to lack of data. In practice, more detailed assessment can be established if the bTB
situation in Norway changes.
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8 Conclusions with answers to the ToR

This section briefly summarises the answers to the ToR provided by the NFSA on p. 17. Further
details are given in the respective parts of this report. For definition of grade and confidence in
the risk assessment, see subchapter 2.3.

8.1 ToR 1 - Risk assessment of introduction

Assess the current risk of the introducing of infection to Norway, focusing on the movement of
live animals, vectors (e.g. food, feed, equipment, and vehicles) and humans.

VKM has identified import of live animals into Norway as the most important pathway for
introduction of M. bovis to Norway (see subchapter 3.1).

8.1.1 Introduction by cattle

According to the risk assessment, import of cattle constitutes a risk. There is a possibility that
the isolation period required upon import co-insides with the latency of infection and thus bTB
will not be detected during isolation. The risk of importing infected cattle is likely to depend on
the prevalence, the surveillance and the pre-trade testing regime in the country of origin.
However, the number of imported cattle is very low, which makes it unlikely to import infected
animals overall, based on the current situation.

Grade: Unlikely; Confidence: Medium

8.1.2 Introduction by camelids

According to the risk assessment, import of llamas and alpacas constitutes a particular risk as
camelids are susceptible to M. bovis (see subchapter 3.1). Import to Norway has occurred
multiple times over the recent years, also from countries where M. bovis is common in the
cattle population. As for cattle, the risk of importing infected camelids is likely to depend on
the prevalence, the surveillance, and the pre-trade testing regime in the country of origin.

Grade: Likely; Confidence: Medium

8.1.3 Introduction by free-ranging animals

VKM concludes that primary introduction into wild fauna by migration of animals constitutes a
minor risk (see subchapter 3.4). A potential introduction could take place from neighbouring
countries via invasive species like the wild boar. M. bovis has so far not been detected in the
Swedish population of wild boar, but wild boars are not routinely tested. Cross-border
migration of other wildlife species, with shared populations to neighboring countries, like
badger and the red fox, may represent a risk for introduction of M. bovis. However, due to the
M. bovis free status of Sweden and Finland, a primary introduction into free-ranging animals
from these countries is currently regarded as very unlikely. The presence of M. bovis in
livestock and free-ranging animals in the border region in Russia is unknown.

Grade: Very unlikely; Confidence: Medium
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8.1.4 Introduction by roughage

Import of roughage especially in periods of drought when irregular routes for import may be
used. A special concern is import of roughage from countries and regions with bTB (see
subchapter 3.6).

Grade: Unlikely; Confidence: Low

8.1.5 Introduction by vehicles
Vehicles such as transport vehicles (trucks, barges), corrals, and equipment constitute a

minimal risk of introduction.

Grade: Very unlikely; Confidence: Medium

8.1.6 Introduction by humans
Humans may on rare occasions transmit M. bovis to animals and could potentially transmit

from people originating from countries with endemic bTB and working in the cattle husbandry.

Grade: Unlikely; Confidence: Low

8.2 ToR 2 — Risk assessment of transmission after introduction

Assess the risk of transmission to humans and animals following the introduction of infection
into Norway via the movement of live animals, vectors (e.g. food, feed, equipment, and
vehicles) and humans.

8.2.1 Transmission by domestic animals

VKM has identified movement of live animals inside Norway as a major risk of transmission if
M. bovis is introduced into Norway (see subchapters 3.2 and 3.3). The number of internally
moved cattle without testing requirements is high and some concerns are also raised for trade
with llamas and alpacas. Semi-domesticated reindeer are moved regularly, including between
different seasonal pastures (see subchapter 3.4).

Grade: Very likely; Confidence: High

8.2.2 Transmission by vehicles

Transmission by commercial transport vehicles is considered as low risk due to hygiene
measures. However, there is extensive cooperation between reindeer herders with mixing of
herds, shared pastures and shared use of transport vehicles, corrals, and equipment. This may
constitute a risk of spread among herds if infection is established (see subchapter 3.4).

Grade: Unlikely; Confidence: Medium

8.2.3 Transmission with slurry

Slurry from infected farms that has been stored for less than six months, may be contaminated
with M. bovis and may contribute to the spread of the bacterium to grasslands and wild

animals. Faeces can remain infective for up to six months in winter and for shorter time during
summer before being biodegraded. Slurry is spread during the grazing season, and ploughing is
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not mandatory on grasslands during this period, which makes exposure to contaminated slurry
possible for domestic and wild animals.

Grade: Likely; Confidence: High

8.2.4 Transmission by livestock-wildlife contact

Direct and indirect contact between livestock and free-ranging animals (wildlife and semi-
domesticated reindeer) through shared pastures/habitats and distribution of feed and mineral
supplements (salt licks) may increase risk of transmission after establishment of the pathogen.
Livestock and wildlife are known to shed M. bovis onto pasture, soil, feedstuffs, water, and
other fomites. M. bovis, are relatively resistant and resilient in the environment, and studies
have indicated that persistence in the environment is possible.

Grade: Likely; Confidence: High

8.2.5 Transmission to general human population
For the general human population, the risk of infection resulting from contact with live animals
is very low.

Grade: Unlikely; Confidence: High

8.2.6 Occupational transmission
Farmers or slaughterhouse personnel that have close and prolonged contact with infected
animals have an increased risk of infection.

Grade: Likely; Confidence: Medium

8.2.7 Transmission with unpasteurised milk and dairy products

Given introduction of M. bovis to Norway, there is a risk of infection for people consuming
unpasteurised milk and dairy products from infected herds.

Grade: Likely; Confidence: High

8.3 ToR 3 — Risk assessment of establishment

Assess the risk of reservoirs establishment in Norwegian livestock and in wild fauna.

8.3.1 Establishment in livestock

VKM assesses that it is unlikely that bTB will be established in livestock due to the current
system of meat inspection, surveillance and a very restricted import of live animals.
Furthermore, the risk of establishment in free-ranging animals is unlikely as M. bovis has not
been detected in wildlife in neighbouring countries, although the situation in Russia is
currently unknown. But there is a risk of establishment if the pathogen is introduced to free-
ranging animals via livestock. Detection in live animals is however challenging, thus
subclinically infected animals and latent infections are difficult to identify. Therefore, the time
between introduction of M. bovis to a herd and the point of detection will be of importance in
this context.
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Grade: Unlikely; Confidence: Low

8.3.2 Control of infection given establishment in livestock

VKM assesses that control and subsequently eradication from cattle and camelids is possible
after detection, given no spillover to wildlife. Control and eradication strategies, however,
require a long time, major resources, and demand a high level of compliance from
stakeholders.

Grade: Likely; Confidence: Medium

8.3.3 Establishment in free ranging animals

VKM assesses that establishment of bTB in free-ranging animals will depend on the spillover
effect from livestock. Therefore, it is unlikely that bTB will establish in free-ranging animals
before the disease has been introduced to cattle. However, this scenario is highly dependent
on the OTF status in our neighbouring countries since free-ranging animals cross borders with
Sweden, Finland, and Russia. Based on experience from other countries, M. bovis will be
challenging to eradicate if established in free-ranging animal populations.

Grade: Unlikely; Confidence: Low

8.3.4 Control of infection given establishment in free-ranging animals

Based on experience from other countries, difficulties in control and eradication measures
have been demonstrated after establishment in wildlife. Hence, should the pathogen be
established in free-ranging animals in Norway, it is unlikely that we will be able to eradicate
the disease both from livestock and free-ranging animals.

Grade: Unlikely; Confidence: High

8.4 ToR 4 - Risk mitigation measures and diagnostic options

Describe the risk mitigation measures for the points above. Diagnostic options for detecting
infection are also to be described.

For details we refer to chapter 6.

Import regulations for live animals and breeding material. Keeping import of animals and
breeding materials from other countries at a minimum and avoiding import from countries
that are known to have M. bovis in livestock are important measures to mitigate the risk of
introduction to Norway.

Camelids. Strict practice of veterinary health certification including testing for M. bovis before
trade and movement of camelids in Norway will reduce the risk of spread of bTB. Enhanced
testing of live camelids may be used as a strategy to verify an M. bovis free status.

Import regulations for feed. Restricting import to Norway to OTF countries and regions and
ensuring proper packaging of silage could reduce the risk of introducing bTB from imported
roughage.

Surveillance. Maintaining focus on meat inspection to detect animals with pathological lesions
is important, as necropsy and examination of organs with pathological changes will increase
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the chance of detection. Accordingly, an evaluation of surveillance programs and diagnostic
procedures adapted to Norwegian conditions, also in wildlife, would be helpful.

Diagnosis. A strategy using a combination of tests will give the best possibility of detecting M.
bovis (see subchapter 6.8 and Table 6).

Outbreak management. Rapid outbreak investigation and immediate follow up is essential for
prevention of establishment of bTB. Regularly updated contingency plans including wildlife will
guide correct handling of the situation.

Internal trade regulations. Minimising movement of animals between herds is essential.
Effective sales control and strict biosecurity measures can minimise the risk of spread. Further,
traceability of all animal movements in real time is highly advisable to ensure rapid and ease
responses to outbreaks.

Reducing wildlife contact. Limiting access of free-ranging animals to watering points, salt licks,
and grazing areas used by livestock will reduce the risk of transmission between livestock and
wildlife.

Surveillance of wildlife. Control the increasing Norwegian population of wild boar and test
hunted animals for M. bovis. Include routine testing for M. bovis in other wildlife species, with
a focus on species with a shared population to neighbouring countries (Sweden, Finland,
Russia).

Public awareness campaigns. Educating farmers, hunters, deer farm owners, reindeer herders,
international visitors, and the public about biosecurity practices could reduce the spread of M.
bovis.
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9 Data gaps

In this chapter we mention data available today which could be compiled or data which could
be made available for our surveillance, disease control systems, and animal husbandry data.

e Updated and more accurate data of live animal trading between herds is lacking.

e Data on the current bTB disease status of domestic ruminants (including camelids) and
free-ranging animals in Norway are missing.

e Increased awareness about differences in surveillance systems among European countries
is needed. These differences may result in uncertainties in disease status and is of
relevance for import of animals and roughage.

e Information on volume of sale and systems for traceability of unpasteurised milk and dairy
products are lacking.

69

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment



10 References

Allen, A., Magee, R., Devaney, R., Ardis, T., McNally, C., McCormick, C., Presho, E., Doyle, M.,
Ranasinghe, P., Johnston, P., Kirke, R., Harwood, R., Farrell, D., Kenny, K., Smith, J.,
Gordon, S, Ford, T., Thompson, S., Wright, L., . .. Skuce, R. (2024). Whole-genome
sequencing in routine Mycobacterium bovis epidemiology - scoping the potential.
Microbial Genomics, 10(2). https://dx.doi.org/10.1099/mgen.0.001185

Allen, A,, Porter, S., McCleery, D., Ranasinghe, P. D., Devaney, R., Ardis, T., Lyons, M.,
Whiteside, D., Corrigan, C., McCormick, C., Presho, E., Holmes, C., McCarthy, J.,
Decena, D., Doyle, M., Montgomery, J., Redpath, S., Thompson, S., Wright, L., . ..
Skuce, R. (2025). Assessing the potential role of deer in the dissemination of
Mycobacterium bovis infection to cattle in Northern Ireland. Infection, Genetics and
Evolution, 105721. https://doi.org/10.1016/j.meegid.2025.105721

Allen, A. R, Ford, T., & Skuce, R. A. (2021). Does Mycobacterium tuberculosis var. bovis survival
in the environment confound bovine tuberculosis control and eradication? Veterinary
Medicine International, 8812898. https://doi.org/10.1155/2021/8812898

Alvarez, A. H., Gutierrez-Ortega, A., Gomez-Entzin, V., Perez-Mayorga, G., Naranjo-Bastien, J.,
Gonzalez-Martinez, V., Milian-Suazo, F., Martinez-Velazquez, M., Herrera-Rodriguez,
S., & Hinojoza-Loza, E. (2017). Assessment of antigenic supplementation of bovine
purified protein derivative for diagnosis of subclinical infection with Mycobacterium
bovis in cattle. Microbial Pathogenesis, 108, 114-121.
https://dx.doi.org/10.1016/j.micpath.2017.05.012

Animal & Plant Health Agency. (2023, May 24). Tuberculosis in South American camelids —
surveillance and control policy in England. Camelid Symposium organised by the British
Society of Veterinary Pathology (BSVP), Bristol, UK. https://tbhub.co.uk/wp-
content/uploads/2023/05/TB _in _camelids in GB.pdf

Animalia. (2017, April 07). KOORIMP - import. https://www.animalia.no/no/Dyr/koorimp---
import /

Animalia. (2021a). Den norske kjgttbransjens retningslinje for omsetning av livdyr i
storfeproduksjonen. Retrieved 2024, December 6 from
https://www.animalia.no/contentassets/6bdace028cc34c65b762c9215ab9c5a3/retnin
gslinje-for-omsetning-av-livdyr-i-storfeproduksjon.pdf

Animalia. (2021b, November 4). Retningslinjer for livdyrhandel. Retrieved 2024, November 18
from https://www.animalia.no/no/Dyr/storfe/nye-helsekrav-ved-livdyromsetning-av-

storfe/

Animalia. (2022, October 17). Utegang for gris.
https://www.animalia.no/no/Dyr/svin/utegang-for-gris/

Animaliebiproduktforskriften. (2016). Forskrift om animalske biprodukter som ikke er beregnet
pa konsum. FOR-2024-07-08-1649. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2016-09-14-1064

Appegren, A., Boschiroli, M. L., De Cruz, K., Michelet, L., Hery-Arnaud, G., Kempf, M., Lanotte,
P., Bemer, P., Peuchant, O., Pestel-Caron, M., Skalli, S., Brasme, L., Martin, C., Enault,
C., Carricajo, A., Guet-Revillet, H., Ponsoda, M., Jacomo, V., Bourgoin, A., . .. Godreuil,
S. (2023). Genetic diversity and population structure of Mycobacterium bovis at the
human-animal-ecosystem interface in France: "A One Health approach". Pathogens,
12(4), 548. https://doi.org/10.3390/pathogens12040548

70

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.1099/mgen.0.001185
https://doi.org/10.1016/j.meegid.2025.105721
https://doi.org/10.1155/2021/8812898
https://dx.doi.org/10.1016/j.micpath.2017.05.012
https://tbhub.co.uk/wp-content/uploads/2023/05/TB_in_camelids_in_GB.pdf
https://tbhub.co.uk/wp-content/uploads/2023/05/TB_in_camelids_in_GB.pdf
https://www.animalia.no/no/Dyr/koorimp---import%20/
https://www.animalia.no/no/Dyr/koorimp---import%20/
https://www.animalia.no/contentassets/6bdace028cc34c65b762c9215ab9c5a3/retningslinje-for-omsetning-av-livdyr-i-storfeproduksjon.pdf
https://www.animalia.no/contentassets/6bdace028cc34c65b762c9215ab9c5a3/retningslinje-for-omsetning-av-livdyr-i-storfeproduksjon.pdf
https://www.animalia.no/no/Dyr/storfe/nye-helsekrav-ved-livdyromsetning-av-storfe/
https://www.animalia.no/no/Dyr/storfe/nye-helsekrav-ved-livdyromsetning-av-storfe/
https://www.animalia.no/no/Dyr/svin/utegang-for-gris/
https://lovdata.no/dokument/SF/forskrift/2016-09-14-1064
https://doi.org/10.3390/pathogens12040548

Arnold, M. E., Courcier, E. A,, Stringer, L. A., McCormick, C. M., Pascual-Linaza, A. V., Collins, S.
F., Trimble, N. A,, Ford, T., Thompson, S., Corbett, D., & Menzies, F. D. (2021). A
Bayesian analysis of a test and vaccinate or remove study to control bovine
tuberculosis in badgers (Meles meles). PloS ONE, 16(1), e0246141.
https://dx.doi.org/10.1371/journal.pone.0246141

Avismaterialeforskriften. (2022). Forskrift som utfyller dyrehelseforskriften med bestemmelser
om avlsmateriale fra holdte landdyr. FOR-2022-04-06-630. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2022-04-06-630

Bailey, S. S., Crawshaw, T. R., Smith, N. H., & Palgrave, C. J. (2013). Mycobacterium bovis
infection in domestic pigs in Great Britain. The Veterinary Journal, 198(2), 391-397.
https://doi.org/10.1016/j.tvjl.2013.08.035

Balseiro, A., Gonzalez-Quiros, P., Rodriguez, O., Copano, M. F., Merediz, I., de Juan, L.,
Chambers, M. A,, Delahay, R. J., Marreros, N., Royo, L. J., Bezos, J., Prieto, J. M., &
Gortazar, C. (2013). Spatial relationships between Eurasian badgers (Meles meles) and
cattle infected with Mycobacterium bovis in Northern Spain. Veterinary Journal,
197(3), 739-745. https://doi.org/10.1016/j.tvjl.2013.03.017

Barandiaran, S., Marfil, M. J., Capobianco, G., Perez, A., Maria, S., Zumarraga, M. J., Eirin, M. E.,
Cuerda, M. X., Winter, M., Martinez, V., Marcela, Perez, A. M., & La Sala, L. F. (2021).
Epidemiology of pig tuberculosis in Argentina. Frontiers in Veterinary Science, 8,
693082. https://dx.doi.org/10.3389/fvets.2021.693082

Barker, E. N., O'Halloran, C., & Gunn-Moore, D. A. (2024). Review canine tuberculosis - An
emerging concern. Veterinary Journal, 305, 106111.
https://doi.org/10.1016/j.tvjl.2024.106111

Barton, P., Robinson, N., Middleton, S., O'Brien, A., Clarke, J., Dominguez, M., Gillgan, S.,
Selmes, J., & Rhodes, S. (2023). Evaluation of antibody tests for Mycobacterium bovis
infection in pigs and deer. Veterinary Sciences, 10(8).
https://dx.doi.org/10.3390/vetscil0080489

Benton, C. H., Phoenix, J., Robertson, A., & Delahay, R. J. (2023). Vaccinating badgers in a post-
cull landscape; insights from the field. Ecological Solutions and Evidence, 4(1), e12208.
https://doi.org/10.1002/2688-8319.12208

Bevanger, K. (2021, July 9). Greviling Meles meles. Artsdatabanken.
https://www.artsdatabanken.no/Pages/182509/Grevling

Bhuachalla, D. N., Corner, L. A. L., More, S. J., & Gormley, E. (2014). The role of badgers in the
epidemiology of Mycobacterium bovis infection (tuberculosis) in cattle in the United
Kingdom and the Republic of Ireland: current perspectives on control strategies.
Veterinary Medicine (Auckland), 6, 27-38. https://doi.org/10.2147/VMRR.S553643

Bianco, C., Sanchez-Cordon, P., Spiropoulos, J., Schock, A., & Vidana, B. (2021). Never forget
the pulmonary pathology of Mycobacterium bovis in the alpaca (Vicugna pacos)!
Veterinary Record Case Reports, 9, 1. https://doi.org/10.1002/vrc2.31

Black, H. (1972). The association of tuberculosis in man with a recurrent infection in a dairy
herd. New Zealand Veterinary Journal, 20(1-2), 14-15.
https://doi.org/10.1080/00480169.1972.33991

Blom, I. (2002). Opplysningskampanjer i kampen mot tuberkulose frem til ca. 1940
[Information campaigns in the fight against tuberculosis until about 1940]. Tidsskrift
Norske Legeforening, 122(1), 73-75. https://tidsskriftet.no/sites/default/files/pdf2002-

-73-5.pdf

71

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.1371/journal.pone.0246141
https://lovdata.no/dokument/SF/forskrift/2022-04-06-630
https://doi.org/10.1016/j.tvjl.2013.08.035
https://doi.org/10.1016/j.tvjl.2013.03.017
https://dx.doi.org/10.3389/fvets.2021.693082
https://doi.org/10.1016/j.tvjl.2024.106111
https://dx.doi.org/10.3390/vetsci10080489
https://www.artsdatabanken.no/Pages/182509/Grevling
https://doi.org/10.2147/VMRR.S53643
https://doi.org/10.1002/vrc2.31
https://doi.org/10.1080/00480169.1972.33991
https://tidsskriftet.no/sites/default/files/pdf2002--73-5.pdf
https://tidsskriftet.no/sites/default/files/pdf2002--73-5.pdf

Boggiatto, P. M., Kanipe, C. R., Putz, E. J., Olsen, S. C., & Palmer, M. V. (2023). Wildlife Immune
Responses to Mycobacterium bovis and to Bacille of Calmette-Guerin. Journal of
Immunology, 211(8), 1173-1179. https://doi.org/10.4049/jimmunol.2300323

Borham, M., Oreiby, A., EI-Gedawy, A., Hegazy, Y., Hemedan, A., & Al-Gaabary, M. (2022).
Abattoir survey of bovine tuberculosis in Tanta, centre of the Nile delta, with in silico
analysis of gene mutations and protein-protein interactions of the involved
mycobacteria. Transboundary and Emerging Diseases, 69(2), 434-450.
https://dx.doi.org/10.1111/tbed.14001

Bouchez-Zacria, M., Payne, A., Girard, S., Richomme, C., Boschiroli, M. L., Marsot, M., Durand,
B., & Desvaux, S. (2023). Spatial association of Mycobacterium bovis infection in cattle
and badgers at the pasture interface in an endemic area in France. Preventive
Veterinary Medicine, 220, 106044. https://doi.org/10.1016/j.prevetmed.2023.106044

Brooks-Pollock, E., Roberts, G. O., & Keeling, M. J. (2014). A dynamic model of bovine
tuberculosis spread and control in Great Britain. Nature, 511(7508), 228-231.
https://doi.org/10.1038/nature13529

Broughan, J. M., Downs, S. H., Crawshaw, T. R., Upton, P. A., Brewer, J., & Clifton-Hadley, R. S.
(2013). Mycobacterium bovis infections in domesticated non-bovine mammalian
species. Part 1: Review of epidemiology and laboratory submissions in Great Britain
2004-2010. Veterinary Journal, 198(2), 339-345.
https://doi.org/10.1016/j.tvjl.2013.09.006

Broughan, J. M., Judge, J., Ely, E., Delahay, R. J., Wilson, G., Clifton-Hadley, R. S., Goodchild, A.
V., Bishop, H., Parry, J. E., & Downs, S. H. (2016). A review of risk factors for bovine
tuberculosis infection in cattle in the UK and Ireland. Epidemiology and Infection,
144(14), 2899-2926. 10.1017/s095026881600131x

Brunton, L. A., Donnelly, C. A., O'Connor, H., Prosser, A., Ashfield, S., Ashton, A., Upton, P.,
Mitchell, A., Goodchild, A. V., Parry, J. E., & Downs, S. H. (2017). Assessing the effects
of the first 2 years of industry-led badger culling in England on the incidence of bovine
tuberculosis in cattle in 2013-2015. Ecology and Evolution, 7(18), 7213-7230.
https://doi.org/10.1002/ece3.3254

Busch, F., Bannerman, F., Liggett, S., Griffin, F., Clarke, J., Lyashchenko, K. P., & Rhodes, S.
(2017). Control of bovine tuberculosis in a farmed red deer herd in England. The
Veterinary Record, 180(3), 68. https://dx.doi.org/10.1136/vr.103930

Byrne, A. W., Barrett, D., Breslin, P., Fanning, J., Casey, M., Madden, J. M., Lesellier, S., &
Gormley, E. (2022a). Bovine tuberculosis in youngstock cattle: A narrative review.
Frontiers in Veterinary Science, 9, 1000124.
https://dx.doi.org/10.3389/fvets.2022.1000124

Byrne, A. W., Barrett, D., Breslin, P., O'Keeffe, J., Murphy, K. J., Conteddu, K., Morera-Pujol, V.,
Ryan, E., & Ciuti, S. (2022b). Disturbance ecology meets bovine tuberculosis (bTB)
epidemiology: A before-and-after study on the association between forest clearfelling
and bTB herd risk in cattle herds. Pathogens, 11(7), 807.
https://doi.org/10.3390/pathogens11070807

Byrne, A. W., Barrett, D., Breslin, P., & Ryan, E. (2022c). Can more information be extracted
from bovine TB skin test outcomes to inform animal risk management? A retrospective
observational animal-level study. Preventive Veterinary Medicine, 208, 105761.
https://doi.org/10.1016/j.prevetmed.2022.105761

Campbell, E. L., Byrne, A. W., Menzies, F. D., Milne, G., McBride, K. R., McCormick, C. M.,
Scantlebury, D. M., & Reid, N. (2020a). Quantifying intraherd cattle movement metrics:

72

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.4049/jimmunol.2300323
https://dx.doi.org/10.1111/tbed.14001
https://doi.org/10.1016/j.prevetmed.2023.106044
https://doi.org/10.1038/nature13529
https://doi.org/10.1016/j.tvjl.2013.09.006
https://doi.org/10.1002/ece3.3254
https://dx.doi.org/10.1136/vr.103930
https://dx.doi.org/10.3389/fvets.2022.1000124
https://doi.org/10.3390/pathogens11070807
https://doi.org/10.1016/j.prevetmed.2022.105761

Implications for disease transmission risk. Preventive Veterinary Medicine, 185,
105203. https://doi.org/10.1016/j.prevetmed.2020.105203

Campbell, E. L., Menzies, F. D., Byrne, A. W., Porter, S., McCormick, C. M., McBride, K. R.,
Scantlebury, D. M., & Reid, N. (2020b). Grazing cattle exposure to neighbouring herds
and badgers in relation to bovine tuberculosis risk. Research in Veterinary Science, 133,
297-303. https://doi.org/10.1016/j.rvsc.2020.09.032

Carter, S. P, Robertson, A., Palphramand, K. L., Chambers, M. A., McDonald, R. A., & Delahay,
R. J. (2018). Bait uptake by wild badgers and its implications for oral vaccination
against tuberculosis. PloS ONE, 13(11), e0206136.
https://doi.org/10.1371/journal.pone.0206136

Casal, C., Diez-Guerrier, A., Alvarez, J., Rodriguez-Campos, S., Mateos, A., Linscott, R., Martel,
E., Lawrence, J. C., Whelan, C,, Clarke, J., O'Brien, A., Dominguez, L., & Aranaz, A.
(2014). Strategic use of serology for the diagnosis of bovine tuberculosis after
intradermal skin testing. Veterinary Microbiology, 170(3-4), 342-351.
https://doi.org/10.1016/j.vetmic.2014.02.036

Chambers, M., Gordon, S., Olea-Popelka, F., & Barrow, P. (2018). Bovine tuberculosis. Bovine
Tuberculosis. https://dx.doi.org/10.1079/9781786391520.0000

Ciambrone, L., Gioffre, A., Musarella, R., Samele, P., Visaggio, D., Pirolo, M., Clausi Maria, T., Di
Natale, R., Gherardi, M., Spatari, G., Visca, P., & Casalinuovo, F. (2020). Presence of
Mycobacterium bovis in slaughterhouses and risks for workers. Preventive Veterinary
Medicine, 181, 105072. https://dx.doi.org/10.1016/j.prevetmed.2020.105072

Ciaravino, G., Laranjo-Gonzalez, M., Casal, J., Saez-Llorente, J. L., & Allepuz, A. (2021). Most
likely causes of infection and risk factors for tuberculosis in Spanish cattle herds.
Veterinary Record, 189(2), e140. https://doi.org/10.1002/vetr.140

Conteddu, K., English Holly, M., Byrne Andrew, W., Amin, B., Griffin Laura, L., Kaur, P., Morera-
Pujol, V., Murphy Kilian, J., Salter-Townshend, M., Smith Adam, F., & Ciuti, S. (2024). A
scoping review on bovine tuberculosis highlights the need for novel data streams and
analytical approaches to curb zoonotic diseases. Veterinary Research, 55(64).
https://dx.doi.org/10.1186/s13567-024-01314-w

Cousins, D. V. (2001). Mycobacterium bovis infection and control in domestic livestock. Revue
Scientifique et Technique, 20(1), 71-85. https://doi.org/10.20506/rst.20.1.1263

Crispell, J., Benton, C. H., Balaz, D., De Maio, N., Ahkmetova, A., Allen, A., Biek, R., Presho, E. L.,
Dale, J., & Hewinson, G. (2019). Combining genomics and epidemiology to analyse bi-
directional transmission of Mycobacterium bovis in a multi-host system. Elife, 8,
e45833. https://doi.org/10.7554/elife.45833

de la Rua-Domenech, R. (2006). Human Mycobacterium bovis infection in the United Kingdom:
Incidence, risks, control measures and review of the zoonotic aspects of bovine
tuberculosis. Tuberculosis, 86(2), 77-109. https://doi.org/10.1016/j.tube.2005.05.002

Delahay, R. J., Smith, G. C., Barlow, A. M., Walker, N., Harris, A., Clifton-Hadley, R. S., &
Cheeseman, C. L. (2007). Bovine tuberculosis infection in wild mammals in the South-
West region of England: a survey of prevalence and a semi-quantitative assessment of
the relative risks to cattle. Veterinary Journal, 173(2), 287-301.
https://doi.org/10.1016/j.tvjl.2005.11.011

Department for Environment, Food & Rural Affairs. (2024). Data on TB in non-bovine species
from 2011 to 2024. Gov. UK. https://www.gov.uk/government/statistical-data-
sets/other-tb-statistics

73

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1016/j.prevetmed.2020.105203
https://doi.org/10.1016/j.rvsc.2020.09.032
https://doi.org/10.1371/journal.pone.0206136
https://doi.org/10.1016/j.vetmic.2014.02.036
https://dx.doi.org/10.1079/9781786391520.0000
https://dx.doi.org/10.1016/j.prevetmed.2020.105072
https://doi.org/10.1002/vetr.140
https://dx.doi.org/10.1186/s13567-024-01314-w
https://doi.org/10.7554/eLife.45833
https://doi.org/10.1016/j.tvjl.2005.11.011
https://www.gov.uk/government/statistical-data-sets/other-tb-statistics
https://www.gov.uk/government/statistical-data-sets/other-tb-statistics

Department of Agriculture, Environment and Rural Affairs. (n.d.). TB Statuses that may be
Applied to Cattle Herds. Retrieved 2024, December 17 from https://www.daera-
ni.gov.uk/articles/tb-statuses-may-be-applied-cattle-herds

Didkowska, A., Zmuda, P., Ortowska, B., & Anusz, K. (2023). Mycobacterial infections in cats
(Felis catus) as a potential threat to humans —a review 2014-2023. Medycyna
Weterynaryjna, 80(2), 53-57. https://doi.org/10.21521/mw.6842

Drewe, J. A., O'Connor, H. M., Weber, N., McDonald, R. A., & Delahay, R. J. (2013). Patterns of
direct and indirect contact between cattle and badgers naturally infected with
tuberculosis. Epidemiology and Infection, 141(7), 1467-1475.
https://doi.org/10.1017/s0950268813000691

Duignan, A., Kenny, K., Bakker, D., & Good, M. (2019). Tuberculin PPD potency assays in
naturally infected tuberculous cattle as a quality control measure in the Irish bovine
tuberculosis eradication programme. Frontiers in Veterinary Science, 6, 328.
https://dx.doi.org/10.3389/fvets.2019.00328

Dyrehelseforskriften. (2022). Forskrift om dyrehelse. FOR-2024-12-09-2995 Retrieved from
https://lovdata.no/dokument/SF/forskrift/2022-04-06-631

Dyrehelseovervikningsforskriften. (2022). Vedlegg 1. Godkjent sykdomsfri og ikke-
vaksinerende status for landdyr for visse listefgrte sykdommer i Norge eller deler av
Norge. FOR-2022-04-06-632. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2022-04-06-632/KAPITTEL 4#KAPITTEL 4

EFSA. (2003). Tuberculosis in Bovine Animals: Risks for human health and control strategies.
EFSA Panel on Biological Hazards (BIOHAZ). EFSA Journal, 13, 1-52.
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2004.13

EFSA. (2013). Scientific Opinion on the public health hazards to be covered by inspection of
meat (bovine animals). EFSA Panel on Biological Hazards (BIOHAZ). EFSA Journal, 11(6),
3266. https://doi.org/10.2903/j.efsa.2013.3266

EFSA. (2014). Statement on a conceptual framework for bovine tuberculosis. EFSA Panel on
Animal Health and Welfare (AHAW). EFSA Journal, 12(5), 3711.
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2014.3711

EFSA. (2017). Assessment of listing and categorisation of animal disease swithin the framework
of the Animal Health Law (Regulation (EU) No 2016/429): bovine tuberculosis. EFSA
Panel on Animal Health and Welfare (AHAW). EFSA Journal, 15(8), 4959.
https://doi.org/10.2903/j.efsa.2017.4959

EFSA & ECDC. (2023). The European Union One Health 2022 Zoonoses Report. European Food
Safety Authority (EFSA) & European Centre for Disease Prevention and Control (ECDC).
EFSA Journal, 21(12), e8442. https://doi.org/10.2903/j.efsa.2023.8442

EFSA, Hart, A., Maxim, L., Siegrist, M., Von Goetz, N., da Cruz, C., Merten, C., Mosbach-Schulz,
0., Lahaniatis, M., Smith, A., & Hardy, A. (2019). Guidance on Communication of
Uncertainty in Scientific Assessments. EFSA Journal, 17(1), e05520.
https://doi.org/10.2903/j.efsa.2019.5520

European Commission. (n.d.). Bovine tuberculosis. Retrieved 2024, December 12 from
https://hadea.ec.europa.eu/programmes/single-market-programme-food/veterinary-
programmes/bovine-tuberculosis en

European Union. (2018). Commission implementing regulation (EU) 2018/1882. The European
Parliament. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/HTML/?uri=CELEX:32018R1882

74

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://www.daera-ni.gov.uk/articles/tb-statuses-may-be-applied-cattle-herds
https://www.daera-ni.gov.uk/articles/tb-statuses-may-be-applied-cattle-herds
https://doi.org/10.21521/mw.6842
https://doi.org/10.1017/s0950268813000691
https://dx.doi.org/10.3389/fvets.2019.00328
https://lovdata.no/dokument/SF/forskrift/2022-04-06-631
https://lovdata.no/dokument/SF/forskrift/2022-04-06-632/KAPITTEL_4#KAPITTEL_4
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2004.13
https://doi.org/10.2903/j.efsa.2013.3266
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2014.3711
https://doi.org/10.2903/j.efsa.2017.4959
https://doi.org/10.2903/j.efsa.2023.8442
https://doi.org/10.2903/j.efsa.2019.5520
https://hadea.ec.europa.eu/programmes/single-market-programme-food/veterinary-programmes/bovine-tuberculosis_en
https://hadea.ec.europa.eu/programmes/single-market-programme-food/veterinary-programmes/bovine-tuberculosis_en
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32018R1882
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32018R1882

European Union. (2019a). Commission delegated regulation (EU) 2020/689. The European
Parliament. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32020R0689

European Union. (2019b). Commission implementing regulation (EU) 2019/627. The European
Parliament. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32019R0627

European Union. (2021a). Commission implementing regulation (EU) 2021/620. Retrieved from
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32021R0620

European Union. (2021b). EFTA surveillance authority decision of 21 April 2021 regarding
approval of disease-free and non-vaccination statuses and eradication programmes of
Norway and Iceland or certain zones or compartments thereof as regards certain listed
diseases in accordance with Regulation (EU) 2016/429 of the European Parliament and
of the Council and Commission Delegated Regulation (EU) 2020/689 [2021/1332]. The
European Parliament. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:E2021C0032

European Union Reference Laboratory. (2024, January 30). Bovine tuberculosis.
https://www.visavet.es/bovinetuberculosis/animal-tb/diagnosis.php

Falk, M., Reiersen, A., Wolff, C., Heier, B. T., Paulson, B., & Hofshagen, M. (2024).
Dyrehelserapporten 2023. Veterinarinstituttets rapportserie 22-2024.
https://www.vetinst.no/rapporter-og-
publikasjoner/rapporter/2024/dyrehelserapporten-2023

Ferreira, E. M., Cunha, M. V., Duarte, E. L., Mira, A., Pinto, D., Mendes, |., Pereira, A. C., Pinto,
T., Acevedo, P., & Santos, S. M. (2024). Mapping high-risk areas for Mycobacterium
tuberculosis complex bacteria transmission: Linking host space use and environmental
contamination. Science of the Total Environment, 953, 176053.
https://dx.doi.org/10.1016/].scitotenv.2024.176053

Ferreira, E. M., Duarte, E. L., Cunha, M. V., Mira, A., & Santos, S. M. (2023). Disentangling
wildlife—cattle interactions in multi-host tuberculosis scenarios: systematic review and
meta-analysis. Mammal Review, 53(4), 287-302. https://doi.org/10.1111/mam.12324

Fevre, E. M., Bronsvoort, B. M., Hamilton, K. A., & Cleaveland, S. (2006). Animal movements
and the spread of infectious diseases. Trends in Microbiology, 14(3), 125-131.
https://doi.org/10.1016/.tim.2006.01.004

Fielding, H. R., McKinley, T. J., Delahay, R. J., Silk, M. J., & McDonald, R. A. (2021).
Characterization of potential superspreader farms for bovine tuberculosis: A review.
Veterinary Medicine & Science, 7(2), 310-321. https://doi.org/10.1002/vms3.358

Fitzgerald, S. D., & Kaneene, J. B. (2013). Wildlife reservoirs of bovine tuberculosis worldwide:
hosts, pathology, surveillance, and control. Veterinary Pathology, 50(3), 488-499.
https://doi.org/10.1177/0300985812467472

Folkehelseinstituttet. (2022). Smitteverntiltak i forbindelse med M. bovis-infeksjon hos storfe.
In Smittevernhdndboka.
https://www.fhi.no/contentassets/0129528e12c44ad28682bac8190b80c7/smittevern
tiltak-i-forbindelse-med-m.bovis.pdf

Folkehelseinstituttet. (2024). Tuberkulose i Norge 2023 — med behandlingsresultater for 2022:
Arsrapport.
https://www.fhi.no/contentassets/e45556c8ccc24275b751ac4aad0b2797/arsrapport-
tuberkulose-2023 endelig.pdf

75

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0689
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0689
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0627
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0627
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32021R0620
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:E2021C0032
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:E2021C0032
https://www.visavet.es/bovinetuberculosis/animal-tb/diagnosis.php
https://www.vetinst.no/rapporter-og-publikasjoner/rapporter/2024/dyrehelserapporten-2023
https://www.vetinst.no/rapporter-og-publikasjoner/rapporter/2024/dyrehelserapporten-2023
https://dx.doi.org/10.1016/j.scitotenv.2024.176053
https://doi.org/10.1111/mam.12324
https://doi.org/10.1016/j.tim.2006.01.004
https://doi.org/10.1002/vms3.358
https://doi.org/10.1177/0300985812467472
https://www.fhi.no/contentassets/0129528e12c44ad28682bac8190b80c7/smitteverntiltak-i-forbindelse-med-m.bovis.pdf
https://www.fhi.no/contentassets/0129528e12c44ad28682bac8190b80c7/smitteverntiltak-i-forbindelse-med-m.bovis.pdf
https://www.fhi.no/contentassets/e45556c8ccc24275b751ac4aad0b2797/arsrapport-tuberkulose-2023_endelig.pdf
https://www.fhi.no/contentassets/e45556c8ccc24275b751ac4aad0b2797/arsrapport-tuberkulose-2023_endelig.pdf

Forskrift om handel med levende dyr m.v. (1999). Forskrift om tilsyn og kontroll ved import og
eksport av levende dyr, annet avlsmateriale og animalsk avfall innen E@S, og ved
import av levende dyr fra tredjestater. FOR-1998-12-31-1484. Retrieved from
https://lovdata.no/dokument/SF/forskrift/1998-12-31-1484

Forskrift om hold av storfe. (2004). FOR-2004-04-22-665. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2004-04-22-665

Forskrift om naeringsmessig transport av dyr. (2012). FOR-2012-02-08-139. Retrieved from
https://lovdata.no/dokument/LTI/forskrift/2012-02-08-139

Fresco-Taboada, A., Risalde Maria, A., Gortazar, C., Tapia, |., Gonzalez, I., Venteo, A., Sanz, A.,
& Rueda, P. (2019). A lateral flow assay for the rapid diagnosis of Mycobacterium bovis
infection in wild boar. Transboundary and Emerging Diseases, 66(5), 2175-2179.
https://dx.doi.org/10.1111/tbed.13260

Gaughran, A,, Kelly, D. J.,, MacWhite, T., Mullen, E., Maher, P., Good, M., & Marples, N. M.
(2018). Super-ranging. A new ranging strategy in European badgers. PloS ONE, 13(2),
e0191818. https://doi.org/10.1371/journal.pone.0191818

Gilbert, M., Mitchell, A., Bourn, D., Mawdsley, J., Clifton-Hadley, R., & Wint, W. (2005). Cattle
movements and bovine tuberculosis in Great Britain. Nature, 435(7041), 491-496.
https://doi.org/10.1038/nature03548

Gilbride, B., Schmidt Garcia, M., Gustavo, M., Hust, M., Cao, C., & Stewart, L. (2021). Catalytic
ferromagnetic gold nanoparticle immunoassay for the detection and differentiation of
Mycobacterium tuberculosis and Mycobacterium bovis. Analytica Chimica Acta, 1184,
339037. https://dx.doi.org/10.1016/j.aca.2021.339037

Gomez-Buendia, A., Romero, B., Bezos, J., Saez Jose, L., Archetti, |., Pacciarini Maria, L.,
Boschiroli Maria, L., Girard, S., Gutu, E., Barbuceanu, F., Karaoulani, O., Stournara, A.,
de Juan, L., & Alvarez, J. (2023). Evaluation of the performance of the IFN-gamma
release assay in bovine tuberculosis free herds from five European countries.
Veterinary Research, 54(1), 55. https://dx.doi.org/10.1186/s13567-023-01187-5

Goodchild, A. V., & Clifton-Hadley, R. S. (2001). Cattle-to-cattle transmission of Mycobacterium
bovis. Tuberculosis, 81(1), 23-41. https://doi.org/10.1054/tube.2000.0256

Gortazar, C., Vicente, J., Boadella, M., Ballesteros, C., Galindo, R. C., Garrido, J., Aranaz, A., &
de la Fuente, J. (2011). Progress in the control of bovine tuberculosis in Spanish
wildlife. Veterinary Microbiology, 151(1-2), 170-178.
https://doi.org/10.1016/j.vetmic.2011.02.041

Grange, J. M., & Yates, M. D. (1994). Zoonotic aspects of Mycobacterium bovis infection.
Veterinary Microbiology, 40(1), 137-151. https://doi.org/10.1016/0378-
1135(94)90052-3

Green, P. (2022). Management, diseases and treatment of deer in UK deer parks. In J. Fletcher
(Ed.), The management of enclosed and domesticated deer (pp. 113-154). Springer
International Publishing AG. https://doi.org/10.1007/978-3-031-05386-3_6.
https://doi.org/10.1007/978-3-031-05386-3 6

Grooms, D. L., Bolin, S. R., Plastow, J. L., Lim, A,, Hattey, J., Durst, P. T., Rust, S. R., Allen, M. S.,
Buskirk, D. D., & Smith, R. W. (2019). Survival of Mycobacterium bovis during forage
ensiling. American Journal of Veterinary Research, 80(1), 87-94.
https://dx.doi.org/10.2460/ajvr.80.1.87

Guetin-Poirier, V., Dufour, B., & Riviere, J. (2022). A framework for multicriteria decision-aid
analyses in animal health surveillance applied to periodic screening for French bovine

76

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://lovdata.no/dokument/SF/forskrift/1998-12-31-1484
https://lovdata.no/dokument/SF/forskrift/2004-04-22-665
https://lovdata.no/dokument/LTI/forskrift/2012-02-08-139
https://dx.doi.org/10.1111/tbed.13260
https://doi.org/10.1371/journal.pone.0191818
https://doi.org/10.1038/nature03548
https://dx.doi.org/10.1016/j.aca.2021.339037
https://dx.doi.org/10.1186/s13567-023-01187-5
https://doi.org/10.1054/tube.2000.0256
https://doi.org/10.1016/j.vetmic.2011.02.041
https://doi.org/10.1016/0378-1135(94)90052-3
https://doi.org/10.1016/0378-1135(94)90052-3
https://doi.org/10.1007/978-3-031-05386-3_6

tuberculosis. Transboundary and Emerging Diseases, 69(3), 1281-1293.
https://dx.doi.org/10.1111/tbed.14091

Guimaraes, A. M. S., & Zimpel, C. K. (2020). Mycobacterium bovis: from genotyping to genome
sequencing. Microorganisms, 8(5), 667.
https://dx.doi.org/10.3390/microorganisms8050667

Gunn-Moore, D. A,, McFarland, S. E., Brewer, J. |, Crawshaw, T. R., Clifton-Hadley, R. S.,
Kovalik, M., & Shaw, D. J. (2011). Mycobacterial disease in cats in Great Britain: I.
Culture results, geographical distribution and clinical presentation of 339 cases.
Journal of Feline Medicine and Surgery, 13(12), 934-944.
https://doi.org/10.1016/j.iffms.2011.07.012

Hale, O. J., Morris, M., Jones, B., Reynolds, C. K., & Cramer, R. (2019). Liquid atmospheric
pressure matrix-assisted laser desorption/ionization mass spectrometry adds
enhanced functionalities to MALDI MS profiling for disease diagnostics. ACS Omega,
4(7), 12759-12765. https://doi.org/10.1021/acsomega.9b01476

Halsby, K., Twomey, D. F., Featherstone, C., Foster, A., Walsh, A., Hewitt, K., & Morgan, D.
(2017). Zoonotic diseases in South American camelids in England and Wales.
Epidemiology and Infection, 145, 1037-1043.
https://doi.org/10.1017/s0950268816003101

Ham, C., Donnelly, C. A., Astley, K. L., Jackson, S. Y. B., & Woodroffe, R. (2019). Effect of culling
on individual badger Meles meles behaviour: Potential implications for bovine
tuberculosis transmission. Journal of Applied Ecology, 56(11), 2390-2399.
https://doi.org/10.1111/1365-2664.13512

Hektoen, L. (2015). Risiko ved hold og import av lama og alpakka Norsk Sau og Geit. 2/2015.
https://www.fag.nsg.no/default.cfm?sok dyreslag id=&sok fagomrade id=&sok teks
t=&sok _artikkel id=247

Holder, T., Srinivasan, S., McGoldrick, A., Williams, G. A., Palmer, S., Clarke, J., O’Brien, A,,
Conlan, A. J. K., Juleff, N., Vordermeier, H. M., Jones, G. J., & Kapur, V. (2024).
Temporal dynamics of the early immune response following Mycobacterium bovis
infection of cattle. Scientific Reports, 14(1), 2600. https://doi.org/10.1038/s41598-024-
52314-x

Huitema, H. (1969). The eradication of bovine tuberculosis in cattle in the Netherlands and the
significance of man as a source of infection for cattle. KNCV Tuberculosis Foundation,
12, 62-67.

Infantes-Lorenzo, J. A., Moreno, |., de Los Risalde, M. A., Roy, A., Villar, M., Romero, B.,
Ibarrola, N., de la Fuente, J., Puentes, E., de Juan, L., Gortazar, C., Bezos, J., Dominguez,
L., & Dominguez, M. (2017). Proteomic characterisation of bovine and avian purified
protein derivatives and identification of specific antigens for serodiagnosis of bovine
tuberculosis. Clinical Proteomics, 14, 36. https://dx.doi.org/10.1186/s12014-017-9171-
Z

Infantes-Lorenzo, J. A., Whitehead, C. E., Moreno, |., Bezos, J., Roy, A., Dominguez, L.,
Dominguez, M., & Salguero, F. J. (2018). Development and evaluation of a serological
assay for the diagnosis of tuberculosis in alpacas and llamas. Frontiers in Veterinary
Science, 5, 189. https://doi.org/10.3389/fvets.2018.00189

Instruks til Mattilsynet, Distriktskontorene, vedrgrende isolasjon og undersgkelse av dyr.
(2006). FOR-2016-11-01-1287. Retrieved from
https://lovdata.no/dokument/INS/forskrift/2006-02-14-199

77

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.1111/tbed.14091
https://dx.doi.org/10.3390/microorganisms8050667
https://doi.org/10.1016/j.jfms.2011.07.012
https://doi.org/10.1021/acsomega.9b01476
https://doi.org/10.1017/s0950268816003101
https://doi.org/10.1111/1365-2664.13512
https://www.fag.nsg.no/default.cfm?sok_dyreslag_id=&sok_fagomrade_id=&sok_tekst=&sok_artikkel_id=247
https://www.fag.nsg.no/default.cfm?sok_dyreslag_id=&sok_fagomrade_id=&sok_tekst=&sok_artikkel_id=247
https://doi.org/10.1038/s41598-024-52314-x
https://doi.org/10.1038/s41598-024-52314-x
https://dx.doi.org/10.1186/s12014-017-9171-z
https://dx.doi.org/10.1186/s12014-017-9171-z
https://doi.org/10.3389/fvets.2018.00189
https://lovdata.no/dokument/INS/forskrift/2006-02-14-199

lovane, V., Ferrara, G., Petruccelli, A., Veneziano, V., D'Alessio, N., Ciarcia, R., Fioretti, A.,
Pagnini, U., & Montagnaro, S. (2020). Prevalence of serum antibodies against the
Mycobacterium tuberculosis complex in wild boar in Campania region, Italy. European
Journal of Wildlife Research, 66(1), 20. https://dx.doi.org/10.1007/s10344-019-1359-2

Ippolito, D., Fiasconaro, M., Ciarello, F. P., Aliberti, A., Vitale, M., Amato, B., Pasquali, P., & Lo
Presti, V. D. M. (2020). Intra-vitam diagnosis of tuberculosis in pigs: Concordance
between interferon-gamma release assay and comparative tuberculin skin test.
Frontiers in Veterinary Science, 7, 591444. https://doi.org/10.3389/fvets.2020.591444

Iversen, K. K., Meling, S., Vatn, S., Hordern-Larsen, T., Norheim, D., Jetmundsen, S. C., & Tveter,
B. S. (2024). Outbreak of bovine tuberculosis in Norway [Utbrudd av storfetuberkulose
i Norge.]. Norsk Veterinaertidsskrift, 136(4), 242-249.
https://nvt.vetnett.no/journal/2024/4/m-506/Utbrudd av_storfetuberkulose i Norge

Josefsen, T. D., Mgrk, T., & Nymo, |. H. (2019). Bacterial infections and diseases. In Reindeer
and Caribou - Health and Disease (pp. 237-272). CRC Press.
https://doi.org/10.1007/978-3-031-05386-3 6

Justus, W., Valle, S., Barton, O., Gresham, A., & Shannon, G. (2024). A review of bovine
tuberculosis transmission risk in European wildlife communities. Mammal Review,
54(3), 325-340. https://doi.org/10.1111/mam.12347

Kaneene, J. B., Hattey, J. A,, Bolin, C. A., Averill, J., & Miller, R. (2017). Survivability of
Mycobacterium bovis on salt and salt-mineral blocks fed to cattle. American Journal of
Veterinary Research, 78(1), 57-62. https://dx.doi.org/10.2460/ajvr.78.1.57

Kohl, T. A., Kranzer, K., Andres, S., Wirth, T., Niemann, S., & Moser, I. (2020). Population
structure of Mycobacterium bovis in Germany: a long-term study using whole-genome
sequencing combined with conventional molecular typing methods. Journal of Clinical
Microbiology, 58, 10. https://dx.doi.org/10.1128/JCM.01573-20

Konieczny, K., & Pomorska-Mol, M. (2024). A literature review of selected bacterial diseases in
alpacas and llamas-epidemiology, clinical signs and diagnostics. Animals, 14(1), 45.
https://dx.doi.org/10.3390/ani14010045

Koo, H. C,, Park, Y. H., Ahn, J., Waters, W. R., Palmer, M. V., Hamilton, M. J., Barrington, G.,
Mosaad, A. A,, Park, K. T., Jung, W. K., Hwang, I. Y., Cho, S. N., Shin, S. J., & Davis, W. C.
(2005). Use of rMPB70 protein and ESAT-6 peptide as antigens for comparison of the
enzyme-linked immunosorbent, immunochromatographic, and latex bead
agglutination assays for serodiagnosis of bovine tuberculosis. Journal of Clinical
Microbiology, 43(9), 4498-4506. https://doi.org/10.1128/JCM.43.9.4498-4506.2005

KOORIMP & KIF. (2023). Arsmelding 2023.
https://www.animalia.no/contentassets/7b27e28ef6bf4e878416cc6664a440el/koori
mp-arsmelding-2023.pdf

Krajewska-Wedzina, M., Miller Michele, A., Didkowska, A., Kycko, A., Radulski, L., Lipiec, M., &
Weiner, M. (2022a). The potential risk of international spread of Mycobacterium bovis
associated with movement of alpacas. Journal of Veterinary Research, 66(1), 53-59.
https://dx.doi.org/10.2478/jvetres-2022-0012

Krajewska-Wedzina, M., Radulski, L., Waters, W. R., Didkowska, A., Zabost, A., Augustynowicz-
Kopec, E., Brzezinska, S., & Weiner, M. (2022b). Mycobacterium bovis transmission
between cattle and a farmer in central Poland. Pathogens (Basel, Switzerland), 11(10),
1170. https://dx.doi.org/10.3390/pathogens11101170

Krajewska-Wedzina, M., Weiner, M., Anusz, K., Augustynowicz-Kopec, E., Lipiec, M., &
Szulowski, K. (2019). Human as a potential vector of bovine tuberculosis in cattle.

78

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.1007/s10344-019-1359-2
https://doi.org/10.3389/fvets.2020.591444
https://nvt.vetnett.no/journal/2024/4/m-506/Utbrudd_av_storfetuberkulose_i_Norge
https://doi.org/10.1007/978-3-031-05386-3_6
https://doi.org/10.1111/mam.12347
https://dx.doi.org/10.2460/ajvr.78.1.57
https://dx.doi.org/10.1128/JCM.01573-20
https://dx.doi.org/10.3390/ani14010045
https://doi.org/10.1128/JCM.43.9.4498-4506.2005
https://www.animalia.no/contentassets/7b27e28ef6bf4e878416cc6664a440e1/koorimp-arsmelding-2023.pdf
https://www.animalia.no/contentassets/7b27e28ef6bf4e878416cc6664a440e1/koorimp-arsmelding-2023.pdf
https://dx.doi.org/10.2478/jvetres-2022-0012
https://dx.doi.org/10.3390/pathogens11101170

Annals of Aricultural and Environmental Medicine, 26(3), 396-399.
https://dx.doi.org/10.26444/aaem/102814

Krosness, M. M., Hopp, P., Kolbjgrnsen, @., Tessema, G. T., & Ytrehus, B. (2024a). The
surveillance programme for bovine tuberculosis in Norway 2023. Surveillance
programme report. Report 37/2024. https://www.vetinst.no/overvaking/tuberkulose-
storfe-kameldyr-oppdrettshjort

Krosness, M. M., Haaland, A. H., Lange, H., Lyngstad, T. M., & Heier, B. T. (2024b). The
Norwegian Zoonoses Report 2023. Report 38/2024. https://www.vetinst.no/rapporter-
og-publikasjoner/rapporter/2024/zoonoserapporten-2023

Lambert, S., Hars, J., Reveillaud, E., Moyen, J. L., Gares, H., Rambaud, T., Gueneau, E., Faure, E.,
Boschiroli, M. L., & Richomme, C. (2017). Host status of wild roe deer in bovine
tuberculosis endemic areas. European Journal of Wildlife Research, 63(1), 15.
https://dx.doi.org/10.1007/s10344-016-1071-4

Landbruksdirektoratet. (2023). Ressursregnskapet for reindriftsnaeringen Report 46/2023.
https://www.landbruksdirektoratet.no/nb/nyhetsrom/rapporter/ressursregnskapet-
for-reindriftsnaeringen

Landdyrforflytningsforskriften. (2022). Forskrift som utfyller dyrehelseforskriften med
bestemmelser om forflytning av landdyr, rugeegg og animalske produkter fra landdyr i
E@S-omradet. FOR-2022-04-07-636. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2022-04-07-636

Landdyrhelsesertifikatforskriften. (2022). Forskrift om helsesertifikater — landdyr og
avlsmateriale derav — forordning (EU) 2021/403. FOR-2022-04-06-627. Retrieved from
https://lovdata.no/dokument/SF/forskrift/2022-04-06-627

Langer, A. J., & LoBue, P. A. (2014). Public health significance of zoonotic tuberculosis caused
by the Mycobacterium tuberculosis complex. In C. O. Thoen, J. H. Steele, & J. B.
Kaneene (Eds.), Zoonotic tuberculosis: Mycobacterium bovis and other pathogenic
mycobacteria (3 ed., pp. 21-33). John Wiley & Sons.

Larenas-Munoz, F., Sanchez-Carvajal Jose, M., Galan-Relano, A., Ruedas-Torres, I., Vera-
Salmoral, E., Gomez-Gascon, L., Maldonado, A., Carrasco, L., Tarradas, C., Luque, I.,
Rodriguez-Gomez Irene, M., & Gomez-Laguna, J. (2022). The role of histopathology as
a complementary diagnostic tool in the monitoring of bovine tuberculosis. Frontiers in
Veterinary Science, 9, 816190. https://dx.doi.org/10.3389/fvets.2022.816190

Lellman, S. E., Reynolds, C. K., Jones, A. K. B., Taylor, N., & Cramer, R. (2023). LAP-MALDI MS
profiling and identification of potential biomarkers for the detection of bovine
tuberculosis. Journal of Agricultural and Food Chemistry, 71(37), 13899-13905.
https://dx.doi.org/10.1021/acs.jafc.3c01879

Liestgl, K., Tretli, S., Tverdal, A., & Mahlen, J. (2007). Hvem fikk tuberkulose — og var de
generelt skrgpelige? In R. R. Bore (Ed.), Pd liv og d@d. Helsestatistikk i 150 dr.
Statistiske analyser 94. (pp. 120-134). Statistics Norway.
http://www.ssb.no/helse/artiklerog-publikasjoner/paa-liv-og-dod

Liven, E. (2023). Om storfetuberkulose i Norge. Norsk Veterinaertidsskrift, 135(7), 447-449.

Lombard, J. E., Patton, E. A., Gibbons-Burgener, S. N, Klos, R. F., Tans-Kersten, J. L., Carlson, B.
W., Keller, S. J., Pritschet, D. J., Rollo, S., Dutcher, T. V., Young, C., A., Hench, W. C,,
Thacker, T. C., Perea, C., Lehmkuhl, A. D., & Robbe-Austerman, S. (2021). Human-to-
cattle Mycobacterium tuberculosis complex transmission in the United States.
Frontiers in Veterinary Science, 8, 691192.
https://dx.doi.org/10.3389/fvets.2021.691192

79

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.26444/aaem/102814
https://www.vetinst.no/overvaking/tuberkulose-storfe-kameldyr-oppdrettshjort
https://www.vetinst.no/overvaking/tuberkulose-storfe-kameldyr-oppdrettshjort
https://www.vetinst.no/rapporter-og-publikasjoner/rapporter/2024/zoonoserapporten-2023
https://www.vetinst.no/rapporter-og-publikasjoner/rapporter/2024/zoonoserapporten-2023
https://dx.doi.org/10.1007/s10344-016-1071-4
https://www.landbruksdirektoratet.no/nb/nyhetsrom/rapporter/ressursregnskapet-for-reindriftsnaeringen
https://www.landbruksdirektoratet.no/nb/nyhetsrom/rapporter/ressursregnskapet-for-reindriftsnaeringen
https://lovdata.no/dokument/SF/forskrift/2022-04-07-636
https://lovdata.no/dokument/SF/forskrift/2022-04-06-627
https://dx.doi.org/10.3389/fvets.2022.816190
https://dx.doi.org/10.1021/acs.jafc.3c01879
http://www.ssb.no/helse/artiklerog-publikasjoner/paa-liv-og-dod
https://dx.doi.org/10.3389/fvets.2021.691192

Lorente-Leal, V., Liandris, E., Castellanos, E., Bezos, J., Dominguez, L., de Juan, L., & Romero, B.
(2019). Validation of a real-time PCR for the detection of Mycobacterium tuberculosis
complex members in bovine tissue samples. Frontiers in Veterinary Science, 6, 61.
https://dx.doi.org/10.3389/fvets.2019.00061

Lorente-Leal, V., Liandris, E., Pacciarini, M., Botelho, A., Kenny, K., Loyo, B., Fernandez, R.,
Bezos, J., Dominguez, L., de Juan, L., & Romero, B. (2021). Direct PCR on tissue samples
to detect Mycobacterium tuberculosis complex: an alternative to the bacteriological
culture. Journal of Clinical Microbiology, 59(2). https://dx.doi.org/10.1128/JCM.01404-
20

Lov angaaende saeregne Foranstaltninger mod tuberkulgse Sygdomme. (1901). LOV-1994-07-
15-55. Retrieved from https://lovdata.no/dokument/NLO/lov/1900-05-
08?g=tuberkulose

Lover vedtatt pd det seksogadttiende ordentlige Storting. (1937). J. Chr. Gundersens boktrykkeri.

Lyashchenko, K. P., Grandison, A., Keskinen, K., Sikar-Gang, A., Lambotte, P., Esfandiari, J.,
Ireton, G. C., Vallur, A., Reed, S. G., Jones, G., Vordermeier, H. M., Stabel, J. R., Thacker,
T. C., Palmer, M. V., & Waters, W. R. (2017). Identification of novel antigens recognized
by serum antibodies in bovine tuberculosis. Clinical and Vaccine Immunology, 24(12),
e00259-00217. https://dx.doi.org/10.1128/CVI.00259-17

Madden, J. M., Casey-Bryars, M., More, S. J., Barrett, D., Gormley, E., & Ryan, E. (2024).
Investigation of the association between the Enferplex bovine tuberculosis antibody
test and the future risk of bovine tuberculosis in irish cattle in infected herds: a pilot
field study. Veterinary Research Communications, 48(1), 555-561.
https://doi.org/10.1007/s11259-023-10200-3

Malmsten, A., Magnusson, U., Ruiz-Fons, F., Gonzalez-Barrio, D., & Dalin, A. M. (2018). A
serologic survey of pathogens in wild boar (Sus scrofa) in Sweden. Journal of Wildlife
Diseases, 54(2), 229-237. https://dx.doi.org/10.7589/2017-05-120

Matos, A. C., Figueira, L., Martins, M. H., Pinto, M. L., Matos, M., & Coelho, A. C. (2016). New
insights into Mycobacterium bovis prevalence in wild mammals in Portugal.
Transboundary and Emerging Diseases, 63(5), E313-E322.
https://doi.org/10.1111/tbed.12306

McCallan, L., McNair, J., & Skuce, R. (2014). A review of the potential role of cattle slurry in the
spread of bovine tuberculosis. Retrieved from https://www.daera-
ni.gov.uk/publications/review-potential-role-cattle-slurry-spread-bovine-tuberculosis

Mia, M. M., Hasan, M., & Pory, F. S. (2022). Occupational exposure to livestock and risk of
tuberculosis and brucellosis: A systematic review and meta-analysis. One Health, 15,
100432. https://doi.org/10.1016/j.onehlt.2022.100432

Michelet, L., Cruz, K. d., Henault, S., Tambosco, J., Richomme, C., Reveillaud, E., Gares, H.,
Moyen, J. L., & Boschiroli, M. L. (2018). Mycobacterium bovis infection of red fox,
France. Emerging Infectious Diseases, 24(6), 1151-1153.
https://doi.org/10.3201/eid2406.180094

Middleton, S., Steinbach, S., Coad, M., McGill, K., Brady, C., Duignan, A., Wiseman, J., Gormley,
E., Jones Gareth, J., & Vordermeier, H. M. (2021). A molecularly defined skin test
reagent for the diagnosis of bovine tuberculosis compatible with vaccination against
Johne's Disease. Scientific Reports, 11(1), 2929. https://dx.doi.org/10.1038/s41598-
021-82434-7

80

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://dx.doi.org/10.3389/fvets.2019.00061
https://dx.doi.org/10.1128/JCM.01404-20
https://dx.doi.org/10.1128/JCM.01404-20
https://lovdata.no/dokument/NLO/lov/1900-05-08?q=tuberkulose
https://lovdata.no/dokument/NLO/lov/1900-05-08?q=tuberkulose
https://dx.doi.org/10.1128/CVI.00259-17
https://doi.org/10.1007/s11259-023-10200-3
https://dx.doi.org/10.7589/2017-05-120
https://doi.org/10.1111/tbed.12306
https://www.daera-ni.gov.uk/publications/review-potential-role-cattle-slurry-spread-bovine-tuberculosis
https://www.daera-ni.gov.uk/publications/review-potential-role-cattle-slurry-spread-bovine-tuberculosis
https://doi.org/10.1016/j.onehlt.2022.100432
https://doi.org/10.3201/eid2406.180094
https://dx.doi.org/10.1038/s41598-021-82434-7
https://dx.doi.org/10.1038/s41598-021-82434-7

Midtveit, I. (n.d.). Storfetransport og dyrevelferd. Animalia. Retrieved 2024, December 17 from
https://www.animalia.no/globalassets/storfe-bilder-og-
dokumenter/storfetransport faktaark.pdf

Millan, J., Jimenez, M. A., Viota, M., Candela, M. G, Pena, L., & Leon-Vizcaino, L. (2008).
Disseminated bovine tuberculosis in a wild red fox (Vulpes vulpes) in southern Spain.
Journal of Wildlife Diseases, 44(3), 701-706. https://doi.org/10.7589/0090-3558-
44.3.701

Milne, G., Allen, A., Graham, J., Lahuerta-Marin, A., McCormick, C., Presho, E., Reid, N., Skuce,
R., & Byrne, A. W. (2020). Bovine tuberculosis breakdown duration in cattle herds: an
investigation of herd, host, pathogen and wildlife risk factors. PeerJ Life &
Environmental Sciences, 8, e8319 https://doi.org/10.7717/peerj.8319

More, S. J., Radunz, B., & Glanville, R. J. (2015). Lessons learned during the successful
eradication of bovine tuberculosis from Australia. Veterinary Record, 177(9), 224-232.
https://doi.org/10.1136/vr.103163

Murphy, D., Gormley, E., Costello, E., O'Meara, D., & Corner, L. A. L. (2010). The prevalence and
distribution of Mycobacterium bovis infection in European badgers (Meles meles) as
determined by enhanced post mortem examination and bacteriological culture.
Research in Veterinary Science, 88(1), 1-5. https://doi.org/10.1016/j.rvsc.2009.05.020

Nava-Vargas, A., Milidan-Suazo, F., Canté-Alarcén, G. J., & Gutiérrez-Pabello, J. A. (2021).
Intracellular survival of Mycobacterium bovis strains with high and low frequency in
cattle populations in a bovine macrophage model. Revista Mexicana de Ciencias
Pecuarias, 12(2), 487-502. https://doi.org/10.22319/rmcp.v12i2.5542

Norwegian Biodiversity Information Centre. (2021). Resultater. Norsk r@dliste for arter 2021.
Retrieved 2024, December 6 from
https://www.artsdatabanken.no/rodlisteforarter2021/Resultater

Norwegian Veterinary Institute. (2016). Funn av Mycobacterium bovis hos lama ved PCR -
faglige vurderinger av smittefare samt forslag til tiltak. Letter June 28, 2016. Case
number 16/38837.

O'Brien, A., Clarke, J., Hayton, A., Adler, A, Cutler, K., Shaw, D. J., Whelan, C., Watt, N. J., &
Harkiss, G. D. (2023). Diagnostic accuracy of the Enferplex Bovine tuberculosis
antibody test in cattle sera. Scientific Reports, 13(1), 1875.
https://dx.doi.org/10.1038/s41598-023-28410-9

O'Brien, A., Hayton, A, Cutler, K., Adler, A., Shaw, D. J., Clarke, J., Watt, N., & Harkiss, G. D.
(2024). Diagnostic accuracy of the Enferplex Bovine TB antibody test using individual
milk samples from cattle. PloS ONE, 19(4), e0301609.
https://dx.doi.org/10.1371/journal.pone.0301609

O’Halloran, C., Tgrnqvist-Johnsen, C., Woods, G., Mitchell, J., Reed, N., Burr, P., Gascoyne-Binzi,
D., Wegg, M., Beardall, S., Hope, J., & Gunn-Moore, D. (2021). Feline tuberculosis
caused by Mycobacterium bovis infection of domestic UK cats associated with feeding
a commercial raw food diet. Transboundary and Emerging Diseases, 68(4), 2308-2320.
https://doi.org/10.1111/tbed.13889

Ouzzani, M., Hammady, H., Fedorowicz, Z., & Elmagarmid, A. (2016). Rayyan—a web and
mobile app for systematic reviews. Systematic Reviews, 5, 210.
https://doi.org/10.1186/s13643-016-0384-4

Palmer, M. V., Kanipe, C., Lombard, J. E., & Boggiatto, P. M. (2023). Bovine tuberculosis at the
interface of cattle, wildlife, and humans. In N. Rezaei (Ed.), Tuberculosis: Integrated

81

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://www.animalia.no/globalassets/storfe-bilder-og-dokumenter/storfetransport_faktaark.pdf
https://www.animalia.no/globalassets/storfe-bilder-og-dokumenter/storfetransport_faktaark.pdf
https://doi.org/10.7589/0090-3558-44.3.701
https://doi.org/10.7589/0090-3558-44.3.701
https://doi.org/10.7717/peerj.8319
https://doi.org/10.1136/vr.103163
https://doi.org/10.1016/j.rvsc.2009.05.020
https://doi.org/10.22319/rmcp.v12i2.5542
https://www.artsdatabanken.no/rodlisteforarter2021/Resultater
https://dx.doi.org/10.1038/s41598-023-28410-9
https://dx.doi.org/10.1371/journal.pone.0301609
https://doi.org/10.1111/tbed.13889
https://doi.org/10.1186/s13643-016-0384-4

studies for a complex disease (pp. 829-846). Springer International Publishing.
https://doi.org/10.1007/978-3-031-15955-8 40

Palmer, M. V., O’Brien, D. J., Griffin, J. F., Nugent, G., Lisle, G. W., Ward, A., & Delahay, R. J.
(2015). Tuberculosis in wild and captive deer. In H. Mukundan, M. Chambers, R.
Waters, & M. Larsen (Eds.), Tuberculosis, Leprosy and Mycobacterial Diseases of Man
and Animals (1 ed., pp. 334-364). CABI. https://doi.org/10.1079/9781780643960.0334

Palmer, M. V., Waters, W. R., Thacker, T. C., Stoffregen, W. C., & Thomsen, B. V. (2006).
Experimentally induced infection of reindeer (Rangifer tarandus) with Mycobacterium
bovis. Journal of Veterinary Diagnostic Investigation, 18(1), 52-60.
https://doi.org/10.1177/104063870601800107

Pascual-Linaza, A. V., Gordon, A. W., Stringer, L. A., & Menzies, F. D. (2017). Efficiency of
slaughterhouse surveillance for the detection of bovine tuberculosis in cattle in
Northern Ireland. Epidemiology and Infection, 145(5), 995-1005.
https://dx.doi.org/10.1017/50950268816003095

Pavlik, I., Jahn, P., Dvorska, L., Bartos, M., Novotny, L., & Halouzka, R. (2004). Mycobacterial
infections in horses: a review of the literature. Veterinarni Medicina, 49(11), 427-440.
https://doi.org/10.17221/5733-vetmed

Payne, A., Boschiroli, M. L., Gueneau, E., Moyen, J. L., Rambaud, T., Dufour, B., Gilot-Fromont,
E., & Hars, J. (2013). Bovine tuberculosis in "Eurasian" badgers (Meles meles) in France.
European Journal of Wildlife Research, 59(3), 331-339.
https://doi.org/10.1007/s10344-012-0678-3

Payne, A., Philipon, S., Hars, J., Dufour, B., & Gilot-Fromont, E. (2017). Wildlife interactions on
baited places and waterholes in a French area infected by bovine tuberculosis.
Frontiers in Veterinary Science, 3, 122. https://dx.doi.org/10.3389/fvets.2016.00122

Perea, C., Ciaravino, G., Stuber, T., Thacker Tyler, C., Robbe-Austerman, S., Allepuz, A., & Val
Bernat Perez, d. (2021). Whole-genome SNP analysis identifies putative
Mycobacterium bovis transmission clusters in livestock and wildlife in Catalonia, Spain.
Microorganisms, 9(8), 1629. https://dx.doi.org/10.3390/microorganisms9081629

Pesciaroli, M., Alvarez, J., Boniotti, M. B., Cagiola, M., Di Marco, V., Marianelli, C., Pacciarini,
M., & Pasquali, P. (2014). Tuberculosis in domestic animal species. Research in
Veterinary Science, 97, S78-S85. https://doi.org/10.1016/j.rvsc.2014.05.015

Phillips, C. J. C. (2005). The epidemiology and control of bovine tuberculosis. In L. T. Smithe
(Ed.), Focus on Tuberculosis Research (pp. 203-247). Nova Biomedical Books.

Phillips, C. J. C., Foster, C. R. W., Morris, P. A., & Teverson, R. (2003). The transmission of
Mycobacterium bovis infection to cattle. Research in Veterinary Science, 74(1), 1-15.
https://doi.org/10.1016/S0034-5288(02)00145-5

Plackett, P., Ripper, J., Corner, L. A., Small, K., de Witte, K., Melville, L., Hides, S., & Wood, P. R.
(1989). An ELISA for the detection of anergic tuberculous cattle. Australian Veterinary
Journal, 66(1), 15-19. https://doi.org/10.1111/j.1751-0813.1989.tb09706.x

Pozo, P., Isla, J., Asiain, A., Navarro, D., & Gortazar, C. (2024). Contribution of herd
management, biosecurity, and environmental factors to the risk of bovine tuberculosis
in a historically low prevalence region. Animal, 18(3), 101105.
https://dx.doi.org/10.1016/j.animal.2024.101105

Pozo, P., VanderWaal, K., Grau, A., de la Cruz, M. L., Nacar, J., Bezos, J., Perez, A., Minguez, O.,
& Alvarez, J. (2019). Analysis of the cattle movement network and its association with
the risk of bovine tuberculosis at the farm level in Castilla y Leon, Spain.

82

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1007/978-3-031-15955-8_40
https://doi.org/10.1079/9781780643960.0334
https://doi.org/10.1177/104063870601800107
https://dx.doi.org/10.1017/S0950268816003095
https://doi.org/10.17221/5733-vetmed
https://doi.org/10.1007/s10344-012-0678-3
https://dx.doi.org/10.3389/fvets.2016.00122
https://dx.doi.org/10.3390/microorganisms9081629
https://doi.org/10.1016/j.rvsc.2014.05.015
https://doi.org/10.1016/S0034-5288(02)00145-5
https://doi.org/10.1111/j.1751-0813.1989.tb09706.x
https://dx.doi.org/10.1016/j.animal.2024.101105

Transboundary and Emerging Diseases, 66(1), 327-340.
https://doi.org/10.1111/tbed.13025

Praud, A., Bourely, C., Boschiroli, M.-L., & Dufour, B. (2019). Assessment of the specificity of a
gamma-interferon test performed with specific antigens to detect bovine tuberculosis,
after non-negative results to intradermal tuberculin testing. Veterinary Record Open,
6(1), e000335. https://dx.doi.org/10.1136/vetreco-2019-000335

Price-Carter, M., Brauning, R., Lisle, G. W. d., Livingstone, P., Neill, M., Sinclair, J., Paterson, B.,
Atkinson, G., Knowles, G., Crews, K., Crispell, J., Kao, R., Robbe-Austerman, S., Stuber,
T., Parkhill, J., Wood, J., Harris, S., & Collins, D. M. (2018). Whole genome sequencing
for determining the source of Mycobacterium bovis infections in livestock herds and
wildlife in New Zealand. Frontiers in Veterinary Science, 5, 272.
https://dx.doi.org/10.3389/fvets.2018.00272

Ramos, B., Pereira, A. C., Reis, A. C., & Cunha, M. V. (2020). Estimates of the global and
continental burden of animal tuberculosis in key livestock species worldwide: A meta-
analysis study. One Health, 10, 100169. https://doi.org/10.1016/j.0onehlt.2020.100169

Rao, M., Streur, T. L., Aldwell, F. E., & Cook, G. M. (2001). Intracellular pH regulation by
Mycobacterium smegmatis and Mycobacterium bovis BCG. Microbiology, 147(4), 1017-
1024. https://doi.org/10.1099/00221287-147-4-1017

Ravna, @. (2020). Den grenseoverskridende reindriften og beiterettighetene. Lov og Rett,
59(8), 474-492. https://doi.org/10.18261/issn.1504-3061-2020-08-03

Reiten, M. R., Ytrehus, B., Mjelde, H. K., Hagelin, J., Granstad, S., Davidson, R., Olsen, L., Nymo,
I. H., Mgrk, T., Tarpai, A., Hopp, P., Mork, J., Jordal, E. S., Falk, M., & Vage, J. (2024).
Helseovervdkingsprogrammet for vilt (ViltHOP) 2023 Report 20/2024.
https://www.vetinst.no/overvaking/helseovervakingsprogrammet-for-vilt-hop

Reveillaud, E., Desvaux, S., Boschiroli, M. L., Hars, J., Faure, E., Fediaevsky, A., Cavalerie, L.,
Chevalier, F., Jabert, P., Poliak, S., Tourette, |., Hendrikx, P., & Richomme, C. (2018).
Infection of wildlife by Mycobacterium bovis in France assessment through a national
surveillance system, Sylvatub. Frontiers in Veterinary Science, 5, 262.
https://dx.doi.org/10.3389/fvets.2018.00262

Richomme, C., Reveillaud, E., Moyen, J. L., Sabatier, P., De Cruz, K., Michelet, L., & Boschiroli,
M. L. (2020). Mycobacterium bovis infection in red foxes in four animal tuberculosis
endemic areas in France. Microorganisms, 8(7), 1070.
https://doi.org/10.3390/microorganisms8071070

Risalde, M. A., Thomas, J., Sevilla, 1., Serrano, M., Ortiz Jose, A., Garrido, J., Dominguez, M.,
Dominguez, L., Gortazar, C., & Ruiz-Fons, J. F. (2017). Development and evaluation of
an interferon gamma assay for the diagnosis of tuberculosis in red deer experimentally
infected with Mycobacterium bovis. BMC Veterinary Research, 13(1), 341.
https://dx.doi.org/10.1186/s12917-017-1262-6

Ritacco, V., Lépez, B., De Kantor, I. N., Barrera, L., Errico, F., & Nader, A. (1991). Reciprocal
cellular and humoral immune responses in bovine tuberculosis. Research in Veterinary
Science, 50(3), 365—367. https://doi.org/10.1016/0034-5288(91)90143-c

Rossi, G., Crispell, J., Brough, T., Lycett, S. J., White, P. C. L., Allen, A, Ellis, R. J., Gordon, S. V.,
Harwood, R., Palkopoulou, E., Presho, E. L., Skuce, R., Smith, G. C., & Kao, R. R. (2022).
Phylodynamic analysis of an emergent Mycobacterium bovis outbreak in an area with
no previously known wildlife infections. Journal of Applied Ecology, 59(1), 210-222.
https://doi.org/10.1111/1365-2664.14046

83

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1111/tbed.13025
https://dx.doi.org/10.1136/vetreco-2019-000335
https://dx.doi.org/10.3389/fvets.2018.00272
https://doi.org/10.1016/j.onehlt.2020.100169
https://doi.org/10.1099/00221287-147-4-1017
https://www.vetinst.no/overvaking/helseovervakingsprogrammet-for-vilt-hop
https://dx.doi.org/10.3389/fvets.2018.00262
https://doi.org/10.3390/microorganisms8071070
https://dx.doi.org/10.1186/s12917-017-1262-6
https://doi.org/10.1016/0034-5288(91)90143-c
https://doi.org/10.1111/1365-2664.14046

Roy, A., Infantes-Lorenzo, J. A., de la Cruz, M. L., Dominguez, L., Alvarez, J., & Bezos, J. (2020).
Accuracy of tuberculosis diagnostic tests in small ruminants: A systematic review and
meta-analysis. Preventive Veterinary Medicine, 182, 12, Article 105102.
https://doi.org/10.1016/j.prevetmed.2020.105102

Ryan, E. G., Dwyer, P. J., Connolly, D. J., Fagan, J., Costello, E., & More, S. J. (2008). Tuberculosis
in alpaca (Lama pacos) on a farm in Ireland. 1. A clinical report. Irish Veterinary
Journal, 61(8), 527. https://doi.org/10.1186/2046-0481-61-8-527

Sanchez-Carvajal, J. M., Galan-Relano, A., Ruedas-Torres, |., Jurado-Martos, F., Larenas-Munoz,
F., Vera, E., Gomez-Gascon, L., Cardoso-Toset, F., Rodriguez-Gomez Irene, M.,
Maldonado, A., Carrasco, L., Tarradas, C., Gomez-Laguna, J., & Luque, I. (2021). Real-
time PCR validation for Mycobacterium tuberculosis complex detection targeting
1S6110 directly from bovine lymph nodes. Frontiers in Veterinary Science, 8, 643111.
https://dx.doi.org/10.3389/fvets.2021.643111

Sanchez-Carvajal, J. M., Vera-Salmoral, E., Huerta, B., Galan-Relano, A., Ruedas-Torres, |.,
Larenas-Munoz, F., Luque, I., Carrasco, L., & Gomez-Laguna, J. (2024). Droplet digital
PCR as alternative to microbiological culture for Mycobacterium tuberculosis complex
detection in bovine lymph node tissue samples. Frontiers in Cellular and Infection
Microbiology, 14, 1349999. https://dx.doi.org/10.3389/fcimb.2024.1349999

Saxegaard, F., Grgnstel, H., & Holstad, G. (1996). Tuberkulose. Norsk Veterinaertidsskrift,
108(10), 647-651.

Scientific Panel on biological hazards. (2003). Tuberculosis in Bovine Animals: Risks for human
health and control strategies. The EFSA Journal, 13, 1-52.
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2004.13

Serrano, M., Sevilla Iker, A., Fuertes, M., Geijo, M., Risalde Maria, A., Ruiz-Fons Jose, F.,
Gortazar, C., Juste Ramon, A., Dominguez, L., Elguezabal, N., & Garrido Joseba, M.
(2018). Different lesion distribution in calves orally or intratracheally challenged with
Mycobacterium bovis: implications for diagnosis. Veterinary Research, 49(1), 74.
https://dx.doi.org/10.1186/s13567-018-0566-2

Sinclair, J., New, D., & Neill, M. (2023). Bovine TB in New Zealand — journey from epidemic
towards eradication. Irish Veterinary Journal, 76(1), 21.
https://doi.org/10.1186/s13620-023-00248-7

Smith, G. C., Barber, A., Breslin, P., Birch, C., Chambers, M., Dave, D., Hogarth, P., Gormley, E.,
Lesellier, S., Balseiro, A., & Budgey, R. (2022). Simulating partial vaccine protection:
BCG in badgers. Preventive Veterinary Medicine, 204, 105635.
https://doi.org/10.1016/j.prevetmed.2022.105635

Smith, K., Kleynhans, L., Warren, R. M., Goosen, W. J., & Miller, M. A. (2021). Cell-mediated
immunological biomarkers and their diagnostic application in livestock and wildlife
infected with Mycobacterium bovis. Frontiers in Immunology, 12.
https://dx.doi.org/10.3389/fimmu.2021.639605

Statens veterindrmedicinska anstalt. (2024). Smittldget i Sverige for djursjukdomar och
zoonoser 2023. Uppsala: SVA:s rapportserie 104.
https://www.sva.se/media/y5sfs1i4/tuberkulos.pdf

Statistics Norway. (n.d.-a). Husdyrhald. 03791: Husdyr, etter husdyrslag, statistikkvariabel og
ar. Statistikkbanken. Retrieved 2024, October 28 from
https://www.ssb.no/statbank/table/03791/

84

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1016/j.prevetmed.2020.105102
https://doi.org/10.1186/2046-0481-61-8-527
https://dx.doi.org/10.3389/fvets.2021.643111
https://dx.doi.org/10.3389/fcimb.2024.1349999
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2004.13
https://dx.doi.org/10.1186/s13567-018-0566-2
https://doi.org/10.1186/s13620-023-00248-7
https://doi.org/10.1016/j.prevetmed.2022.105635
https://dx.doi.org/10.3389/fimmu.2021.639605
https://www.sva.se/media/y5sfs1i4/tuberkulos.pdf
https://www.ssb.no/statbank/table/03791/

Statistics Norway. (n.d.-b). Utenrikshandel med varer. 11009: Utenrikshandel med varer, etter
varenummer (HS) og handelsomrdde/verdensdel 1988 - 2023. Statistikkbanken.
Retrieved 2024, December 13 from https://www.ssb.no/statbank/table/11009/

Steinset, T. A., & Rundtom, T. 0. (2021, August 30). Stadig flere villsvin skutt i Norge. Statistisk
sentralbyra. https://www.ssb.no/jord-skog-jakt-og-fiskeri/jakt/statistikk/smavilt-og-
radyrjakt/artikler/stadig-flere-villsvin-skutt-i-norge

Stewart, L. D., McCallan, L., McNair, J., McGoldrick, A., Morris, R., Moyen, J.-L., De Juan, F. L.,
Romero, B., Alonso, E., Parsons, S. D. C., Van Helden, P., Araujo, F. R., & Grant, I. R.
(2017). Multilaboratory evaluation of a novel lateral flow immunochromatographic
assay for confirming isolation of Mycobacterium bovis from veterinary diagnostic
specimens. Journal of Clinical Microbiology, 55(12), 3411-3425.
https://dx.doi.org/10.1128/JCM.00728-17

Stokstad, G. (2023, March 31). @nsker mer kunnskap om hestenaeringa i Norge og Sverige.
https://www.nibio.no/nyheter/onsker-mer-kunnskap-om-hestenaeringa-i-norge-og-
sverige#:~:text=Norge%20har%20et%20hesteregister%2C%20men,hvor%20n%C3%B8y
aktig%20dette%20tallet%20er

Swift, B. M. C., Meade, N., Barron, E. S., Bennett, M., Perehenic, T., Hughes, V., Stevenson, K.,
& Rees, C. E. D. (2020). The development and use of Actiphage to detect viable
mycobacteria from bovine tuberculosis and Johne's disease-infected animals.
Microbial Biotechnology, 13(3), 738-746. https://dx.doi.org/10.1111/1751-7915.13518

Thoen, C. O., LoBue, P. A,, & Enarson, D. A. (2013). Tuberculosis in animals and humans. In C.
O. Thoen, J. H. Steele, & J. B. Kaneene (Eds.), Zoonotic tuberculosis: Mycobacterium
bovis and other pathogenic mycobacteria (3 ed.).

Thomas, R., & Chambers, M. (2021). Review of methods used for diagnosing tuberculosis in
captive and free-ranging non-bovid species (2012-2020). Pathogens (Basel,
Switzerland), 10(5), 584. https://dx.doi.org/10.3390/pathogens10050584

Todd, E. C. D. (2024). Mycobacterium bovis. In G. W. Smithers (Ed.), Encyclopedia of Food
Safety (2 ed., pp. 189-200). Academic Press. https://doi.org/10.1016/B978-0-12-
822521-9.00064-2

Torgerson, P. R. (2022). What is the role of badger culling as a control measure for bovine TB?
Veterinary Record, 190(6), 236-238. https://doi.org/10.1002/vetr.1603

Torgerson, P. R., Hartnack, S., Rasmussen, P., Lewis, F., & Langton, T. E. S. (2024). Absence of
effects of widespread badger culling on tuberculosis in cattle. Scientific Reports, 14(1),
16326. https://dx.doi.org/10.1038/s41598-024-67160-0

Tryland, M., Stubsjgen, S. M., Agren, E., Johansen, B., & Kielland, C. (2016). Herding conditions
related to infectious keratoconjunctivitis in semi-domesticated reindeer: a
questionnaire-based survey among reindeer herders. Acta Veterinaria Scandinavica,
58(1), 22. https://doi.org/10.1186/s13028-016-0203-x

van Tonder, A. J., Thornton, M. J., Conlan, A. J. K., Jolley, K. A., Goolding, L., Mitchell, A. P,
Dale, J., Palkopoulou, E., Hogarth, P. J., Hewinson, R. G., Wood, J. L. N., & Parkhill, J.
(2021). Inferring Mycobacterium bovis transmission between cattle and badgers using
isolates from the randomised badger culling trial. PLoS Pathogens, 17(11), e1010075.
https://dx.doi.org/10.1371/journal.ppat.1010075

Varela-Castro, L., Torrontegi, O., Sevilla, I. A., & Barral, M. (2020). Detection of wood mice
(Apodemus sylvaticus) carrying non-tuberculous mycobacteria able to infect cattle and
interfere with the diagnosis of bovine tuberculosis. Microorganisms, 8(3), 374.
https://doi.org/10.3390/microorganisms8030374

85

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://www.ssb.no/statbank/table/11009/
https://www.ssb.no/jord-skog-jakt-og-fiskeri/jakt/statistikk/smavilt-og-radyrjakt/artikler/stadig-flere-villsvin-skutt-i-norge
https://www.ssb.no/jord-skog-jakt-og-fiskeri/jakt/statistikk/smavilt-og-radyrjakt/artikler/stadig-flere-villsvin-skutt-i-norge
https://dx.doi.org/10.1128/JCM.00728-17
https://www.nibio.no/nyheter/onsker-mer-kunnskap-om-hestenaeringa-i-norge-og-sverige#:~:text=Norge%20har%20et%20hesteregister%2C%20men,hvor%20n%C3%B8yaktig%20dette%20tallet%20er
https://www.nibio.no/nyheter/onsker-mer-kunnskap-om-hestenaeringa-i-norge-og-sverige#:~:text=Norge%20har%20et%20hesteregister%2C%20men,hvor%20n%C3%B8yaktig%20dette%20tallet%20er
https://www.nibio.no/nyheter/onsker-mer-kunnskap-om-hestenaeringa-i-norge-og-sverige#:~:text=Norge%20har%20et%20hesteregister%2C%20men,hvor%20n%C3%B8yaktig%20dette%20tallet%20er
https://dx.doi.org/10.1111/1751-7915.13518
https://dx.doi.org/10.3390/pathogens10050584
https://doi.org/10.1016/B978-0-12-822521-9.00064-2
https://doi.org/10.1016/B978-0-12-822521-9.00064-2
https://doi.org/10.1002/vetr.1603
https://dx.doi.org/10.1038/s41598-024-67160-0
https://doi.org/10.1186/s13028-016-0203-x
https://dx.doi.org/10.1371/journal.ppat.1010075
https://doi.org/10.3390/microorganisms8030374

Vayr, F., Martin-Blondel, G., Savall, F., Soulat, J.-M., Deffontaines, G., & Herin, F. (2018).
Occupational exposure to human Mycobacterium bovis infection: A systematic review.
PLoS Neglected Tropical Diseases, 12(1), e0006208.
https://doi.org/10.1371/journal.pntd.0006208

Vera-Salmoral, E., Gomez-Laguna, J., Galan-Relano, A., Ruedas-Torres, |., Carrasco, L., Luque, I.,
Huerta, B., & Sanchez-Carvajal Jose, M. (2023). Optimization of real-time PCR protocols
from lymph node bovine tissue for direct detection of Mycobacterium tuberculosis
complex. Microbiology spectrum, 11, e0034823.
https://dx.doi.org/10.1128/spectrum.00348-23

Vidal, E., Burgaya, J., Michelet, L., Arrieta-Villegas, C., Cantero, G., de Cruz, K., Tambosco, J., Di
Bari, M., Nonno, R., Boschiroli, M. L., & Perez de Val, B. (2022). Experimental
Mycobacterium microti infection in bank voles (Myodes glareolus). Microorganisms,
10(1), 135. https://doi.org/10.3390/microorganisms10010135

VKM. (2006). A qualitative assessment of the risks of transmission of microorganisms to
humans resulting from the consumption of raw milk and raw cream in Norway. (VKM
Report 2006:10). Norwegian Scientific Committee for Food and Environment (VKM).
Retrieved from
https://vkm.no/download/18.d44969415d027c43cf1f75a/1500301248650/dc6299d06

4.pdf
VKM. (2023). Kriterier for forfatterskap og faglig ansvar i VKMs uttalelser. Retrieved from

https://vkm.no/download/18.31466e2518a903f269871472/1695193122273/Forfatter
skapskriterier%20i%20VKM august%202023.pdf

VKM. (2024). Rutine for godkjenning av risikovurderinger. Retrieved from
https://vkm.no/download/18.b0c9d0418d19b83a4labae/1705568203133/Rutine%20f
or%20godkjenning%20av%20VKMs%20vitenskapelige%20vurderinger 2024.pdf

VKM, Nesbakken, T., Steinshamn, H., Thomsen, I. M., Basic, D., Klem, T. B. B., Gifstad, T.,
Kausrud, K., Melby, K. K., Kirkendall, L., Magnusson, C., Maren, I., Nicolaisen, M.,
Randby, A. T., Stokstad, M., Yazdankhah, S., Wendell, M., Agdestein, A., de Boer, H., . .
. Velle, G. (2022). Importation of roughage to Norway - Implications for plant health,
biodiversity, animal and human health. (VKM report 2021:02). Norwegian Scientific
Committee for Food and Environment (VKM). Retrieved from
https://vkm.no/risikovurderinger/allevurderinger/konsekvenseravaimporteregrovfor.4
.372fcd091727089bb664ab15.html

von Ostertag, R. (1899). Handbuch der Fleischbeschau fiir Tieréirzte, Arzte und Richter. Enke.

Wabhlstrom, H., Frossling, J., Lewerin, S. S., Ljung, A., Cedersmyg, M., & Cameron, A. (2010).
Demonstrating freedom from Mycobacterium bovis infection in Swedish farmed deer
using non-survey data sources. Preventive Veterinary Medicine, 94(1-2), 108-118.
https://doi.org/10.1016/].prevetmed.2009.11.017

Waters, W. R., Buddle, B. M., Vordermeier, H. M., Gormley, E., Palmer, M. V., Thacker, T. C,,
Bannantine, J. P., Stabel, J. R., Linscott, R., Martel, E., Milian, F., Foshaug, W., &
Lawrence, J. C. (2011). Development and evaluation of an enzyme-linked
immunosorbent assay for use in the detection of bovine tuberculosis in cattle. Clinical
and Vaccine Immunology, 18(11), 1882-1888. https://doi.org/10.1128/CVI1.05343-11

Waters, W. R., Palmer, M. V., Stafne, M. R., Bass, K. E., Maggioli, M. F., Thacker, T. C., Linscott,
R., Lawrence, J. C., Nelson, J. T., Esfandiari, J., Greenwald, R., & Lyashchenko, K. P.
(2015). Effects of serial skin testing with purified protein derivative on the level and
quality of antibodies to complex and defined antigens in Mycobacterium bovis-infected

86

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1371/journal.pntd.0006208
https://dx.doi.org/10.1128/spectrum.00348-23
https://doi.org/10.3390/microorganisms10010135
https://vkm.no/download/18.d44969415d027c43cf1f75a/1500301248650/dc6299d064.pdf
https://vkm.no/download/18.d44969415d027c43cf1f75a/1500301248650/dc6299d064.pdf
https://vkm.no/download/18.31466e2518a903f269871472/1695193122273/Forfatterskapskriterier%20i%20VKM_august%202023.pdf
https://vkm.no/download/18.31466e2518a903f269871472/1695193122273/Forfatterskapskriterier%20i%20VKM_august%202023.pdf
https://vkm.no/download/18.b0c9d0418d19b83a41abae/1705568203133/Rutine%20for%20godkjenning%20av%20VKMs%20vitenskapelige%20vurderinger_2024.pdf
https://vkm.no/download/18.b0c9d0418d19b83a41abae/1705568203133/Rutine%20for%20godkjenning%20av%20VKMs%20vitenskapelige%20vurderinger_2024.pdf
https://vkm.no/risikovurderinger/allevurderinger/konsekvenseravaimporteregrovfor.4.372fcd091727089bb664ab15.html
https://vkm.no/risikovurderinger/allevurderinger/konsekvenseravaimporteregrovfor.4.372fcd091727089bb664ab15.html
https://doi.org/10.1016/j.prevetmed.2009.11.017
https://doi.org/10.1128/CVI.05343-11

cattle. Clinical and Vaccine Immunology, 22(6), 641-649.
https://doi.org/10.1128/CVI.00119-15

Waters, W. R., Palmer, M. V., Thacker, T. C., Orloski, K., Nol, P., Harrington, N. P., Olsen, S. C., &
Nonnecke, B. J. (2008). Blood culture and stimulation conditions for the diagnosis of
tuberculosis in cervids by the Cervigam assay. Veterinary Record, 162(7), 203-208.
https://doi.org/10.1136/vr.162.7.203

Waters, W. R., Vordermeier, H. M., Rhodes, S., Khatri, B., Palmer Mitchell, V., Maggioli Mayara,
F., Thacker Tyler, C., Nelson Jeffrey, T., Thomsen Bruce, V., Robbe-Austerman, S.,
Bravo, G., Doris, M., Schoenbaum Mark, A., Camacho Mark, S., Ray Jean, S., Esfandiari,
J., Lambotte, P., Greenwald, R., Grandison, A, . . . Lyashchenko Konstantin, P. (2017).
Potential for rapid antibody detection to identify tuberculous cattle with non-reactive
tuberculin skin test results. BMC Veterinary Research, 13(1), 164.
https://dx.doi.org/10.1186/s12917-017-1085-5

Whelan, C., Shuraley, E., O'Keeffe, G., Hyland, P., Kwok, H. F., Snoddy, P., O'Brien, A., Connolly,
M., Quinn, P., Groll, M., Watterson, T., Call, S., Kenny, K., Duignan, A., Hamilton, M. J.,
Buddle, B. M., Johnston, J. A., Davis, W. C., Olwill, S. A., & Clarke, J. (2008). Multiplex
immunoassay for serological diagnosis of Mycobacterium bovis infection in cattle.
Clinical and Vaccine Immunology, 15(12), 1834-1838.
https://doi.org/10.1128/CVI.00238-08

Whelan, C., Whelan, A. O., Shuralev, E., Kwok, H. F., Hewinson, G., Clarke, J., & Vordermeier, H.
M. (2010). Performance of the Enferplex TB assay with cattle in Great Britain and
assessment of its suitability as a test to distinguish infected and vaccinated animals.
Clinical and Vaccine Immunology, 17(5), 813-817. https://doi.org/10.1128/CV1.00489-
09

WOAH. (2022). Chapter 3.1.13. Mammalian tuberculosis (infection with Mycobacterium
tuberculosis complex). WOAH Terrestrial Manual 2022.
https://www.woah.org/fileadmin/Home/fr/Health standards/tahm/3.01.13 Mammali
an_tuberculosis.pdf

WOAH. (n.d.). Bovine tuberculosis. WOAH (World Organisation for Animal Health). Retrieved
2024, October 14 from https://www.woah.org/en/disease/bovine-tuberculosis/

Woldemariyam, F. T., Markos, T., Shegu, D., Abdi, K. D., & Paeshuyse, J. (2021). Evaluation of
postmortem inspection procedures to diagnose bovine tuberculosis at Debre Birhan
municipal abattoir. Animals, 11(9), 2620. https://dx.doi.org/10.3390/ani11092620

Woodroffe, R., Donnelly, C. A., Chapman, K., Ham, C., Moyes, K., Stratton, N. G., & Cartwright,
S. J. (2021). Successive use of shared space by badgers and cattle: implications for
Mycobacterium bovis transmission. Journal of Zoology, 314(2), 132-142.
https://dx.doi.org/10.1111/jz0.12863

Yates, G. F., Price-Carter, M., Bland, K., Joyce, M. A., Khan, F., Surrey, M., & Lisle, G. W. d.
(2017). Comparison of the BBL mycobacteria growth indicator tube, the BACTEC 128,
and solid media for the isolation of Mycobacterium bovis. Journal of Veterinary
Diagnostic Investigation, 29(4), 508-512.
https://dx.doi.org/10.1177/1040638717697763

Zeineldin, M., Camp, P., Farrell, D., Lehman, K., & Thacker, T. (2023). Whole genome
sequencing of Mycobacterium bovis directly from clinical tissue samples without
culture. Frontiers in Microbiology, 14, 1141651.
https://dx.doi.org/10.3389/fmicb.2023.1141651

87

Risk of bovine tuberculosis in Norway ¢ Norwegian Scientific Committee for Food and Environment


https://doi.org/10.1128/CVI.00119-15
https://doi.org/10.1136/vr.162.7.203
https://dx.doi.org/10.1186/s12917-017-1085-5
https://doi.org/10.1128/CVI.00238-08
https://doi.org/10.1128/CVI.00489-09
https://doi.org/10.1128/CVI.00489-09
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.01.13_Mammalian_tuberculosis.pdf
https://www.woah.org/fileadmin/Home/fr/Health_standards/tahm/3.01.13_Mammalian_tuberculosis.pdf
https://www.woah.org/en/disease/bovine-tuberculosis/
https://dx.doi.org/10.3390/ani11092620
https://dx.doi.org/10.1111/jzo.12863
https://dx.doi.org/10.1177/1040638717697763
https://dx.doi.org/10.3389/fmicb.2023.1141651

Appendix |

Documentation of literature search provided by the library for the healthcare administration.
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4 TITLE-ABS((human or humans) W/4 (transmission or transmissions)) OR 50.476
AUTHKEY((human or humans) W/4 (transmission or transmissions)) ’
TITLE-ABS(slaughter* or abattoir* or eviscerat* or (meat PRE/O

5 (inspection or inspections or hygiene or production))) 71 516

OR AUTHKEY(slaughter* or abattoir* or eviscerat* or (meat PRE/O
(inspection or inspections or hygiene or production)))

 FHI




Litteratursgk fra Bibliotek for helseforvaltningen
Dokumentasjon av sgkestrategi

TITLE-ABS(inhalation™* OR inhaling™ OR inhaled OR "respiratory
inspiration") OR AUTHKEY(inhalation* OR inhaling* OR inhaled OR
"respiratory inspiration")

156,484

2or3ordor5or6

779,628

(o]

land?7

2,833

8 AND PUBYEAR > 2016 AND PUBYEAR < 2025

1136

10
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AFFILCOUNTRY, "Denmark" ) OR LIMIT-TO ( AFFILCOUNTRY , "Finland"
) OR LIMIT-TO ( AFFILCOUNTRY, "Sweden" ) OR LIMIT-TO (
AFFILCOUNTRY/, "Russian Federation" ) OR LIMIT-TO ( AFFILCOUNTRY,
"Norway" ) OR LIMIT-TO ( AFFILCOUNTRY , "Hungary" ) OR LIMIT-TO (
AFFILCOUNTRY/, "Estonia" ) OR LIMIT-TO ( AFFILCOUNTRY, "Slovenia" )
OR LIMIT-TO ( AFFILCOUNTRY/, "Croatia" ) OR LIMIT-TO (
AFFILCOUNTRY/, "Bulgaria" ) OR LIMIT-TO ( AFFILCOUNTRY , "Georgia" )
OR LIMIT-TO ( AFFILCOUNTRY, "Czech Republic" ) OR LIMIT-TO (
AFFILCOUNTRY , "Austria" ) OR LIMIT-TO ( AFFILCOUNTRY , "Ukraine" )
OR LIMIT-TO ( AFFILCOUNTRY, "Luxembourg" ) OR LIMIT-TO (
AFFILCOUNTRY , "Kyrgyzstan" ) OR LIMIT-TO ( AFFILCOUNTRY,
"Kazakhstan" ) OR LIMIT-TO ( AFFILCOUNTRY , "Greece" ) OR LIMIT-TO (
AFFILCOUNTRY , "Bosnia and Herzegovina" ) )

762

11

INDEX(embase OR medline) OR (PMID(0* OR 1* OR 2* OR 3* OR 4* OR
5* OR6* OR 7* OR 8* OR 9%))

39,257,488

12

10 AND NOT 11

147

13

12 AND ( EXCLUDE ( LANGUAGE, "Russian" ) OR EXCLUDE ( LANGUAGE
, "Polish" ) OR EXCLUDE ( LANGUAGE, "German" ) OR EXCLUDE (
LANGUAGE , "French" ) OR EXCLUDE ( LANGUAGE, "Italian" ) OR
EXCLUDE ( LANGUAGE, "Hungarian" ) OR EXCLUDE ( LANGUAGE,
"Croatian"))

136

14

13 AND ( LIMIT-TO ( DOCTYPE, "re"))

15

15

13 AND ( EXCLUDE ( DOCTYPE , "re"))

121
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Database: CAB Abstracts <1973 to 2024 Week 38>

Dato:

21.09.24

Antall treff: 719 (og 21 systematiske oversikter)

1 | exp Mycobacterium bovis/ 7154
((((bovine or animal) adj (tuberculos#s or TB or "tubercle bacill*")) or
((mycobacterium or M) adj (bovis or excretion)) or ((Mycobacterium or M)

2 . . X . . . 10137
adj ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis typus
bovinus" or "tuberculosis variation bovis"))) not Moraxella bovis).tw.

3 |1lor2 10141

4 | zoonoses/ or zoono*.tw. 75115

5 herds/ or animal husbandry/ or (herd? or flock? or husbandr* or 681494
agriculture or livestock? or (live adj (animal? or stock?))).tw.
horizontal transmission/ or mechanical transmission/ or occupational

6 .. . . 14634
transmission/ or (human? adj5 transmission?).tw.
abattoirs/ or slaughter/ or carcasses/ or destruction of animals/ or
evisceration/ or slaughter premiums/ or stunning/ or abattoir workers/ or

7 | meat hygiene/ or meat inspection/ or meat production/ or slaughter/ or 142818
slaughterhouse waste/ or (slaughter* or abattoir? or eviscerat* or (meat
adj (inspection? or hygiene or production))).tw.
inhalation/ or (inhalation* or inhaling* or inhaled or respiratory

8 | . .. 15472
inspiration).tw.

9 | or/4-8 877609

10 | 3and9 4400
11 | limit 10 to yr="2017 -Current" 1358
12 | exp Africa/ or exp Asia/ or South America/ 3028579
13 | 11 not 12 840
14 | (comment or editorial or letter).pt. 3326
15 | 13 not 14 840
16 | (case adj (stud* or report?)).tw. 329674
17 | 15 not 16 810
18 | limit 17 to (danish or english or norwegian or swedish) 740
(meta-analysis or systematic reviews).sh. or ((systematic* adj2 review*) or
metaanal* or "meta anal*" or (review and ((structured or database* or
19 . . . . . . . 82196
systematic*) adj2 search*)) or "integrative review*" or (evidence adj2
review*)).tw.
20 | 18 and 19 21
21 | 18 not 20 719
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Database: Cochrane Database of Systematic Reviews

Dato:

Issue 9 of 12, September 2024
Cochrane Central Register of Controlled Trials

Issue 8 of 12, August 2024
21.09.24

Antall treff: 3 (trials)

#1 | [mh A"Tuberculosis, Bovine"] 1
(((bovine NEXT (tuberculos?s or TB)) or ("bovine tubercle" NEXT bacill*) or
((mycobacterium or M) NEXT (bovis or excretion)) or ((Mycobacterium or

#2 | M) NEXT ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis 77
typus bovinus" or "tuberculosis variation bovis"))) not "Moraxella
bovis"):ti,ab

#3 | #Hlor#2 77

#4 | [mh AZoonoses] or [mh A"Bacterial zoonoses"] or zoono*:ti,ab 154

45 [mh A"Animal Husbandry"] or (herd? or flock? or husbandr* or agriculture 1256
or livestock? or (live NEXT (animal? or stock?))):ti,ab
[mh A"Disease Transmission, Infectious"] or (human? NEAR/5

#6 . . 467
transmission?):ti,ab

47 [mh MAbattoirs] or (slaughter* or abattoir? or eviscerat* or (meat NEXT 344
(inspection? or hygiene or production))):ti,ab

48 .[mh."ln'halati(?n] or (inhalation* or inhaling® or inhaled or "respiratory 31370
inspiration"):ti,ab

#9 | {or #4-#8} 33519

#10 | #3 and #9 5

#11 | #10 with Publication Year from 2017 to 2024, in Trials 3
#10 with Cochrane Library publication date Between Jan 2017 and Sep

#12 L 3
2024, in Trials
#10 with Cochrane Library publication date Between Jan 2017 and Sep

#13 . . 0
2024, in Cochrane Reviews

#14 | {or #11-#13} 3

#15 | [mh Africa] or [mh Asia] or [mh "South America"] 50220

#16 | #14 not #15 3

#17 | (case NEXT (stud* or report?)):ti,ab 6761

#18 | #16 not #17 3
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BOVIN TUBERKOLOSE - VILT OG PRODUKSJONSDYR

Kontaktperson: Kristin Opdahl Seljetun

Sek: Ragnhild Agathe Tornes

Fagfelle: Marita Heintz

Kommentar: Seket er kjgrt og kontrollert for dubletter av Marita Heintz

Dublettsjekk i EndNote:

publikasjonar

Fgr dublettkontroll: 47 systematiske oversikter, 1350 gvrige

Etter dublettkontroll: 33 systematiske oversikter, 748 gvrige

publikasjonar

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review &
Other Non-Indexed Citations, Daily and Versions <1946 to September 26,
2024>

Dato: 30.09.24

Antall treff: 9 systematiske oversikter, 386 @gvrige publikasjonar

1 Tuberculosis, Bovine/ 3871
2 ((((bovine or animal) adj (tuberculos#s or TB or "tubercle bacill*")) or ((mycobacterium or | 11827
M) adj (bovis or excretion)) or ((Mycobacterium or M) adj ("tuberculosis var. bovis" or
"tuberculosis bovis" or "tuberculosis typus bovinus" or "tuberculosis variation bovis")))
not ("Moraxella bovis" or "Mycoplasma bovis")).tw,kf.
3 lor2 13020
4 Sus scrofa/ or exp Camelidae/ or Deer/ or Reindeer/ or Animals, Wild/ 53722
5 (badger? or "meles meles" or (wild adj (boar? or pig?)) or (sus adj (scrofa or gigas or 78302
leucomystax)) or (feral adj (hog? or pig? or swine)) or continentalis or dromedar* or
alpaca? or guanaco? or lama? or llama? or (vicugna adj (pacos or vicugna)) or vicuna? or
camel* or deer? or reindeer? or caribou or "alces alces" or moose? or wildlife or "wild
life" or ((wild or feral or nondomestic or "non domestic") adj animal?) or (nature adj
(conservation or reserves))).tw,kf.
6 4o0r5 105037
7 Disease Transmission, Infectious/ or Infectious Disease Transmission, Vertical/ or Disease | 401727
Reservoirs/ or Prevalence/
8 (transmission or reservoir? or prevalence?).tw,kf. 1393407
9 7o0r8 1499575
10 6and9 18767
11 Cattle/ or Goats/ or exp Sheep/ or Livestock/ or Animal Husbandry/ or Farms/ or Dogs/ 983531
or exp Felis/
12 (cattle or bos or oxen or buffalo or bull? or bullock or cow? or calf or calves or heifer or 946312
bovines or goat? or capra? or caprines or ibex or sheep or ovine? or ovis or ewe or lamb?
or herd? or flock? or husbandr* or agriculture or livestock? or (live adj (animal? or
stock?)) or farm? or pastureland? or rangeland? or dog? or cat? or feline).tw,kf.
13 1lor12 1359296
14 Disease Reservoirs/ or Host-Pathogen Interactions/ or Host Specificity/ or exp Aerosols/ 170189
or Animal Feed/ or Drinking Water/
15 ((clinical adj (sign? or disease?)) or (disease adjl (control or prevent*)) or treatment? or 7036266
reservoir? or host? or vector* or airborne or aerosol* or feed or forage or silage or hay
or roughage or fodder or "drink* water" or ("live animal?" adj2 (import* or transport* or
trading?)) or pasture? or "grazing lands").tw,kf.
16 14 or 15 7089856
17 13 and 16 295612
18 10or 17 308919
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19 3and 18 2040
20 limit 19 to yr="2017 -Current" 668
21 limit 20 to (danish or english or norwegian or swedish) 664
22 exp Africa/ or exp Asia/ 1419251
23 Humans/ not (Animals/ and Humans/) 19967573
24 (comment or editorial or letter).pt. 2283606
25 (Ethiopia or Egypt or Ghana or India or (case adj (stud* or report?)) or "conference 3416609
abstract?" or genomic or genome or genes or genotyping or proteome or macrophages
or RNA).tw,kf.
26 22 or23or24or 25 22815708
27 21 not 26 395
28 limit 27 to "reviews (maximizes specificity)" 7
29 Meta-Analysis/ or Network Meta-Analysis/ or ((systematic* adj2 review*) or metaanal* 590083
or "meta anal*" or (review and ((structured or database* or systematic*) adj2 search*))
or "integrative review*" or (evidence adj2 review*)).tw,kf,bt.
30 28 or (27 and 29) 9
31 27 not 30 386
Database: Embase <1974 to 2024 September 27>
Dato: 30.09.24
Antall treff: 10 systematiske oversikter, 341 gvrige publikasjonar
1 | exp Mycobacterium bovis/ 13938
2 | ((((bovine or animal) adj (tuberculos#s or TB or "tubercle bacill*")) or ((mycobacterium or 12082
M) adj (bovis or excretion)) or ((Mycobacterium or M) adj ("tuberculosis var. bovis" or
"tuberculosis bovis" or "tuberculosis typus bovinus" or "tuberculosis variation bovis"))) not
("Moraxella bovis" or "Mycoplasma bovis")).tw,kf.
3 lor2 18381
4 Meles meles/ or European wild boar/ or exp camelid/ or exp deer/ or wildlife/ 33848
5 | (badger? or "meles meles" or (wild adj (boar? or pig?)) or (sus adj (scrofa or gigas or 85933
leucomystax)) or (feral adj (hog? or pig? or swine)) or continentalis or dromedar* or
alpaca? or guanaco? or lama? or llama? or (vicugna adj (pacos or vicugna)) or vicuna? or
camel* or deer? or reindeer? or caribou or "alces alces" or moose? or wildlife or "wild life"
or ((wild or feral or nondomestic or "non domestic") adj animal?) or (nature adj
(conservation or reserves))).tw,kf.
6 dor5 91895
7 aerosol transmission/ or airborne transmission/ or bacterial transmission/ or direct 1177930
contact transmission/ or disease transmission/ or droplet transmission/ or fecal oral
transmission/ or fomite transmission/ or horizontal disease transmission/ or maternal fetal
transmission/ or oral transmission/ or pathogen transmission/ or patient-to-patient
transmission/ or vector transmission/ or vertical transmission/ or animal reservoir/ or
prevalence/
8 | (transmission or reservoir? or prevalence?).tw,kf. 1825467
9 7o0r8 2150857
10 | 6and 9 18124
11 | bovine/ or exp goat/ or exp sheep/ or livestock/ or herd/ or agriculture/ or agricultural 677633
land/ or pastureland/ or rangeland/ or exp dog/ or exp cat/
12 | (cattle or bos or oxen or buffalo or bull? or bullock or cow? or calf or calves or heifer or 997810
bovines or goat? or capra? or caprines or ibex or sheep or ovine? or ovis or ewe or lamb?
or herd? or flock? or husbandr* or agriculture or livestock? or (live adj (animal? or stock?))
or farm? or pastureland? or rangeland? or dog? or cat? or feline).tw,kf.
13 | 11or12 1187585
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14 | disease control/ or animal reservoir/ or exp host/ or airborne infection/ or airborne 238470
microorganism/ or airborne transmission/ or aerosol/ or forage/ or drinking water/ or
pasture/
15 | ((clinical adj (sign? or disease?)) or (disease adjl (control or prevent*)) or treatment? or 9457134
reservoir? or host? or vector* or airborne or aerosol* or feed or forage or silage or hay or
roughage or fodder or "drink* water" or ("live animal?" adj2 (import* or transport* or
trading?)) or pasture? or "grazing lands").tw,kf.
16 | 14 or 15 9513832
17 | 13 and 16 305268
18 | 10 or 17 318304
19 | 3and 18 1892
20 | limit 19 to yr="2017 -Current" 736
21 | limit 20 to (danish or english or norwegian or swedish) 726
22 | limit 21 to embase 575
23 | exp Africa/ or exp Asia/ 1838197
24 | exp human/ not ((animal/ or exp nonhuman/ or Animal experiment/) and exp human/) 24310812
25 | (Conference Abstract or Letter or Editorial).pt. 7406914
26 | (Ethiopia or Egypt or Ghana or India or (case adj (stud* or report?)) or "conference 4243763
abstract?" or genomic or genome or genes or genotyping or proteome or macrophages or
RNA).tw, kf.
27 | 23 or24 or 25 0r 26 28489981
28 | 22 not 27 351
29 | limit 28 to "reviews (maximizes specificity)" 7
30 | exp Meta-Analysis/ or "systematic review"/ or ((systematic* adj2 review*) or metaanal* or | 845337
"meta anal*" or (review and ((structured or database* or systematic*) adj2 search*)) or
"integrative review*" or (evidence adj2 review*)).tw,kf,bt.
31 | 29 or (28 and 30) 10
32 | 28 not 31 341
Database: Scopus
Dato: 30.09.24
Antall treff: 18 systematiske oversikter, 116 @gvrige publikasjonar
(TITLE-ABS(((bovine or animal) PRE/O (tuberculoses or tuberculosis or TB or "tubercle
bacill*")) or ((mycobacterium or M) PRE/O (bovis or excretion)) or ((Mycobacterium or
M) PRE/O ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis typus
bovinus" or "tuberculosis variation bovis"))) OR AUTHKEY(((bovine or animal) PRE/O
1 (tuberculoses or tuberculosis or TB or "tubercle bacill*")) or ((mycobacterium or M) 13,844
PRE/O (bovis or excretion)) or ((Mycobacterium or M) PRE/O ("tuberculosis var. bovis"
or "tuberculosis bovis" or "tuberculosis typus bovinus" or "tuberculosis variation
bovis")))) AND NOT (TITLE-ABS("Moraxella bovis" or "Mycoplasma bovis") OR
AUTHKEY("Moraxella bovis" or "Mycoplasma bovis"))
TITLE-ABS(badger or badgers or "meles meles" or (wild PRE/O (boar or boars or pig or
pigs)) or (sus PRE/O (scrofa or gigas or leucomystax)) or (feral PRE/O (hog or hogs or pig
or pigs or swine)) or continentalis or dromedar* or alpaca or alpacas or guanaco or
guanacos or lama or lamas or llama or llamas or (vicugna PRE/O (pacos or vicugna)) or
vicuna or vicunas or camel* or deer or deers or reindeer* or caribou or "alces alces" or
) moose or mooses or wildlife or "wild life" or ((wild or feral or nondomestic or "non 224,459

domestic") PRE/O animal*) or (nature PRE/O (conservation or reserves))) OR
AUTHKEY(badger or badgers or "meles meles" or (wild PRE/O (boar or boars or pig or
pigs)) or (sus PRE/O (scrofa or gigas or leucomystax)) or (feral PRE/O (hog or hogs or pig
or pigs or swine)) or continentalis or dromedar* or alpaca or alpacas or guanaco or
guanacos or lama or lamas or llama or llamas or (vicugna PRE/O (pacos or vicugna)) or
vicuna or vicunas or camel* or deer or deers or reindeer* or caribou or "alces alces" or
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moose or mooses or wildlife or "wild life" or ((wild or feral or nondomestic or "non
domestic") PRE/O animal*) or (nature PRE/O (conservation or reserves)))

TITLE-ABS(transmission or reservoir or reservoirs or prevalence*) OR
AUTHKEY(transmission or reservoir or reservoirs or prevalence*)

3,297,728

2and3

20,466

TITLE-ABS(cattle or bos or oxen or buffalo or bull or bulls or bullock or cow or cows or
calf or calves or heifer or bovines or goat or goats or capra or capras or caprines or ibex
or sheep or ovine or ovines or ovis or ewe or lamb or lambs or herd or herds or flock or
flocks or husbandr* or agriculture or livestock* or (live PRE/O (animal or animals or
stock*)) or farm or farms or pastureland* or rangeland* or dog or dogs or cat or cats or
feline) OR AUTHKEY(cattle or bos or oxen or buffalo or bull or bulls or bullock or cow or
cows or calf or calves or heifer or bovines or goat or goats or capra or capras or
caprines or ibex or sheep or ovine or ovines or ovis or ewe or lamb or lambs or herd or
herds or flock or flocks or husbandr* or agriculture or livestock* or (live PRE/O (animal
or animals or stock*)) or farm or farms or pastureland* or rangeland* or dog or dogs or
cat or cats or feline)

2,159,249

TITLE-ABS((clinical PRE/O (sign or signs or disease*)) or (disease W/0 (control or
prevent*)) or treatment* or reservoir* or host or hosts or vector* or airborne or
aerosol* or feed or forage or silage or hay or roughage or fodder or "drink* water" or
("live animal*" W/1 (import* or transport* or trading*)) or pasture or pastures or
"grazing lands") OR AUTHKEY((clinical PRE/O (sign or signs or disease*)) or (disease W/0
(control or prevent*)) or treatment* or reservoir* or host or hosts or vector* or
airborne or aerosol* or feed or forage or silage or hay or roughage or fodder or "drink*
water" or ("live animal*" W/1 (import* or transport* or trading*)) or pasture or
pastures or "grazing lands")

12,304,014

5and 6

502,299

0o

4or7

517,304

land8

2,297

10

9 AND PUBYEAR > 2016 AND PUBYEAR < 2025

821

11

10 AND ( LIMIT-TO ( LANGUAGE , "English" ) )

796

12

INDEX(embase OR medline) OR (PMID(0* OR 1* OR 2* OR 3* OR 4* OR 5* OR 6* OR 7*
OR 8* OR 9*))

39,296,883

13

11 AND NOT 12

190

14

13 AND ( LIMIT-TO ( AFFILCOUNTRY, "United Kingdom" ) OR LIMIT-TO ( AFFILCOUNTRY
, "United States" ) OR LIMIT-TO ( AFFILCOUNTRY , "Spain" ) OR LIMIT-TO (
AFFILCOUNTRY, "France" ) OR LIMIT-TO ( AFFILCOUNTRY, "Italy" ) OR LIMIT-TO (
AFFILCOUNTRY, "Ireland" ) OR LIMIT-TO ( AFFILCOUNTRY, "New Zealand" ) OR LIMIT-
TO ( AFFILCOUNTRY, "Brazil" ) OR LIMIT-TO ( AFFILCOUNTRY, "Canada" ) OR LIMIT-TO (
AFFILCOUNTRY , "Australia" ) OR LIMIT-TO ( AFFILCOUNTRY , "Poland" ) OR LIMIT-TO (
AFFILCOUNTRY, "Portugal" ) OR LIMIT-TO ( AFFILCOUNTRY , "Germany" ) OR LIMIT-TO (
AFFILCOUNTRY , "Belgium" ) OR LIMIT-TO ( AFFILCOUNTRY , "Undefined" ) OR LIMIT-TO
( AFFILCOUNTRY , "Kazakhstan" ) OR LIMIT-TO ( AFFILCOUNTRY, "Fiji" ) OR LIMIT-TO (
AFFILCOUNTRY, "Argentina" ) OR LIMIT-TO ( AFFILCOUNTRY , "Ukraine" ) OR LIMIT-TO (
AFFILCOUNTRY, "Switzerland" ) OR LIMIT-TO ( AFFILCOUNTRY , "Sweden" ) OR LIMIT-
TO ( AFFILCOUNTRY, "Peru" ) OR LIMIT-TO ( AFFILCOUNTRY, "Norway" ) OR LIMIT-TO (
AFFILCOUNTRY/, "Hungary" ) OR LIMIT-TO ( AFFILCOUNTRY, "Ecuador" ) OR LIMIT-TO (
AFFILCOUNTRY, "Czech Republic" ) OR LIMIT-TO ( AFFILCOUNTRY, "Chile" ) )

164

15

TITLE-ABS(Ethiopia or Egypt or Ghana or India or (case PRE/O (stud* or report*)) or
"conference abstract*" or genomic or genome or genes or genotyping or proteome or
macrophages or RNA) OR AUTHKEY(Ethiopia or Egypt or Ghana or India or (case PRE/O
(stud* or report*)) or "conference abstract*" or genomic or genome or genes or
genotyping or proteome or macrophages or RNA)

6,885,606

16

14 AND NOT 15

134

17

16 AND ( LIMIT-TO ( DOCTYPE, "re"))

18

18

16 AND ( EXCLUDE ( DOCTYPE, "re"))

116
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Database: CAB Abstracts <1973 to 2024 Week 39>

Dato:

30.09.24

Antall treff: 10 systematiske oversikter, 506 gvrige publikasjonar

1 exp Mycobacterium bovis/ 7162
2 ((((bovine or animal) adj (tuberculos#s or TB or "tubercle bacill*")) or ((mycobacterium 9091
or M) adj (bovis or excretion)) or ((Mycobacterium or M) adj ("tuberculosis var. bovis"
or "tuberculosis bovis" or "tuberculosis typus bovinus" or "tuberculosis variation
bovis"))) not ("Moraxella bovis" or "Mycoplasma bovis")).tw.
3 lor2 9138
4 Meles meles/ or Sus scrofa/ or exp Camelidae/ or Alces alces/ or deer/ or wildlife/ or 402833
wild animals/
5 (badger? or "meles meles" or (wild adj (boar? or pig?)) or (sus adj (scrofa or gigas or 548578
leucomystax)) or (feral adj (hog? or pig? or swine)) or continentalis or dromedar* or
alpaca? or guanaco? or lama? or llama? or (vicugna adj (pacos or vicugna)) or vicuna? or
camel* or deer? or reindeer? or caribou or "alces alces" or moose? or wildlife or "wild
life" or ((wild or feral or nondomestic or "non domestic") adj animal?) or (nature adj
(conservation or reserves))).tw.
6 4or5 548578
7 disease transmission/ or horizontal transmission/ or maternal transmission/ or 298433
mechanical transmission/ or occupational transmission/ or transmammary
transmission/ or transmission/ or transplacental transmission/ or vertical transmission/
or reservoirs/ or disease prevalence/
8 (transmission or reservoir? or prevalence?).tw. 635024
9 7o0r8 635024
10 6and9 62573
11 cattle/ or Bovidae/ or exp goats/ or exp sheep/ or exp livestock/ or herds/ or animal 1220929
husbandry/ or exp farms/ or dogs/ or exp cats/
12 (cattle or bos or oxen or buffalo or bull? or bullock or cow? or calf or calves or heifer or | 2236495
bovines or goat? or capra? or caprines or ibex or pig? or suidae or swine or piglet? or
gilt? or hogs or sheep or ovine? or ovis or ewe or lamb? or herd? or flock? or husbandr*
or agriculture or livestock? or (live adj (animal? or stock?)) or farm? or pastureland? or
rangeland? or dog? or cat? or feline).tw.
13 11lor12 2247208
14 reservoirs/ or exp hosts/ or exp vectors/ or airborne infection/ or exp aerosols/ or exp 684547
feeds/ or drinking water/ or pastures/
15 ((clinical adj (sign? or disease?)) or (disease adj1 (control or prevent*)) or treatment? or | 3339244
reservoir? or host? or vector* or airborne or aerosol* or feed or forage or silage or hay
or roughage or fodder or "drink* water" or ("live animal?" adj2 (import* or transport*
or trading?)) or pasture? or "grazing lands").tw.
16 14 or 15 3392096
17 13 and 16 757115
18 100r17 797218
19 3 and 18 3668
20 limit 19 to yr="2017 -Current" 1088
21 limit 20 to (danish or english or norwegian or swedish) 987
22 exp Africa/ or exp Asia/ 2579401
23 (comment or editorial or letter or conference or conference paper or conference 897013
proceedings or conference slides).pt.
24 (Ethiopia or Egypt or Ghana or India or (case adj (stud* or report?)) or "conference 2390605
abstract?" or genomic or genome or genes or genotyping or proteome or macrophages
or RNA).tw.
25 22 or23 or 24 4698579
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26 21 not 25 516

27 (meta-analysis or systematic reviews).sh. or ((systematic* adj2 review*) or metaanal* 82348
or "meta anal*" or (review and ((structured or database* or systematic*) adj2 search*))
or "integrative review*" or (evidence adj2 review*)).tw.

28 26 and 27 10

29 26 not 28 506

Database: Cochrane Central Register of Controlled Trials Issue 9 of 12, September 2024
og Cochrane Database of Systematic Reviews Issue 9 of 12, September 2024

Dato: 30.09.24

Antall treff: 0 systematiske oversikter, 1 gvrige publikasjonar

#1 [mh A"Tuberculosis, Bovine"] 1

(((bovine NEXT (tuberculos?s or TB)) or ("bovine tubercle" NEXT bacill*) or
((mycobacterium or M) NEXT (bovis or excretion)) or ((Mycobacterium or M) NEXT

#2 ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis typus bovinus" or 78
"tuberculosis variation bovis"))) not ("Moraxella bovis" or "Mycoplasma bovis")):ti,ab

#3 #1 or #2 78
[mh A"Sus scrofa"] or [mh Camelidae] or [mh ADeer] or [mh *Reindeer] or [mh A"Animals,

#4 . 137
wild"]
(badger? or "meles meles" or (wild NEXT (boar? or pig?)) or (sus NEXT (scrofa or gigas or
leucomystax)) or (feral NEXT (hog? or pig? or swine)) or continentalis or dromedar* or

45 alpaca? or guanaco? or lama? or llama? or (vicugna NEXT (pacos or vicugna)) or vicuna? or 1589

camel* or deer? or reindeer? or caribou or "alces alces" or moose? or wildlife or "wild
life" or ((wild or feral or nondomestic or "non domestic") NEXT animal?) or (nature NEXT
(conservation or reserves))):ti,ab

#6 #4 or #5 1659

[mh A"Disease Transmission, Infectious"] or [mh A"Infectious Disease Transmission,

#1 Vertical"] or [mh A"Disease Reservoirs"] or [mh APrevalence] 8481
#8 (transmission or reservoir? or prevalence?):ti,ab 54171
#9 #7 or #8 57137
#10 | #6 and #9 48
[mh ~Cattle] or [mh Sheep] or [mh ALivestock] or [mh A"Animal Husbandry"] or [mh
#11 | N . 4003
Farms] or [mh ADogs] or [mh Felis]
(cattle or bos or oxen or buffalo or bull? or bullock or cow? or calf or calves or heifer or
412 bovines or goat? or capra? or caprines or ibex or sheep or ovine? or ovis or ewe or lamb? 18113

or herd? or flock? or husbandr* or agriculture or livestock? or (live NEXT (animal? or
stock?)) or farm? or pastureland? or rangeland? or dog? or cat? or feline):ti,ab

#13 | #11 or #12 19974

[mh ~"Disease Reservoirs"] or [mh A"Host-Pathogen Interactions"] or [mh A"Host

#14 Specificity"] or [mh Aerosols] or [mh ~"Animal Feed"] or [mh A"Drinking Water"] 4354
((clinical NEXT (sign? or disease?)) or (disease NEAR/1 (control or prevent*)) or
treatment? or reservoir? or host? or vector* or airborne or aerosol* or feed or forage or
#15 | silage or hay or roughage or fodder or (drink* NEXT water) or (("live animal" or "live 927861
animals") NEAR/2 (import* or transport* or trading?)) or pasture? or "grazing
lands"):ti,ab
#16 | #14 or #15 928829
#17 | #13 and #16 9616
#18 | #10 or #17 9659
#19 | #3 and #18 1
#20 | #19 with Cochrane Library publication date from Jan 2017 and Dec 2024 1
#21 | #19 with Publication Year from 2017 to 2024, in Trials 1
#22 | #20 or #21 1
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(Ethiopia or Egypt or Ghana or India or (case NEXT (stud* or report?)) or (conference

#23 | NEXT abstract?) or genomic or genome or genes or genotyping or proteome or 59504
macrophages or RNA):ti,ab

#24 | #22 not #23 1

#25 | #24 in Cochrane Reviews

#26 | #24in Trials 1
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BOVIN TUBERKULOSE - diagnostikk

Kontaktperson: Kristin Opdal Seljetun
Sek: Ragnhild Agathe Tornes
Fagfelle: Nataliya Byelyey
Dublettsjekk i Eppi

Reviewer: For dublettkontroll: 4176

Etter dublettkontroll: 2571

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review &
Other Non-Indexed Citations, Daily and Versions <1946 to September 13,
2024>

Dato: 16.09.24

Antall treff: 1140

1 | Tuberculosis, Bovine/ 3869

((((bovine or animal) adj (tuberculos#s or TB or "tubercle bacill*")) or
((mycobacterium or M) adj (bovis or excretion)) or ((Mycobacterium or
2 | M) adj ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis 12433
typus bovinus" or "tuberculosis variation bovis"))) not Moraxella
bovis).tw,kf.

3 |1lor2 13620

4 | Diagnosis/ or diagnos*.tw,kf. 3306223
Tuberculin Test/ or (tuberculin or PPD or purified protein derivate or

5 | ((skin or tubercul*) adj test*) or (pirquet adj2 (react® or test*)) or 50310

(Mantoux adj (injection? or react* or test*))).tw,kf.

6 | ((interferon adjl gamma) or IFNg or IFNy).tw,kf. 69844

Enzyme-Linked Immunosorbent Assay/ or (serolog* or humoral or
7 | antibod* or milk or enzyme-linked immunosorbent assay? or ELISA or 1483358

lateral-flow or multiantigen print immunoassay? or MAPIA).tw,kf.

Polymerase Chain Reaction/ or (molecular-based detection? or
8 | polymerase chain reaction? or PCR or nucleic acid amplification test* or 906516
NAATS).tw,kf.

9 Whole Genome Sequencing/ or (line probe assay? or spoligotyping* or 108944
MIRU VNTR* or ((whole or complete or full or entire) adj genome
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sequencing®) or WGS or ((second or next) adj generation sequencing®*)
or NGS).tw,kf.
10 | or/4-9 5396851
11 {3 and 10 6187
12 | limit 11 to yr="2017 -Current" 1595
13 | exp Africa/ or exp Asia/ or exp South America/ 1614694
14 | 12 not 13 1355
15 | (comment or editorial or letter).pt. 2279775
16 | 14 not 15 1344
17 | (case adj (stud* or report?)).tw,kf. 675876
18 | 16 not 17 1286
19 | limit 18 to (danish or english or norwegian or swedish) 1276
20 | limit 19 to "reviews (maximizes specificity)" 16
Meta-Analysis/ or Network Meta-Analysis/ or ((systematic* adj2
review*) or metaanal® or "meta anal*" or (review and ((structured or
21 _ _ _ _ _ 587255
database* or systematic*) adj2 search*)) or "integrative review*" or
(evidence adj2 review*)).tw,kf,bt.
22 | 200r(19and 21) 20
23 | 19 not 22 1256
24 | Humans/ not (Animals/ and Humans/) 19942875
25 | 23 not 24 1140
Database: Embase <1974 to 2024 September 13>
Dato: 16.09.24
Antall treff: 1470
1 | exp Mycobacterium bovis/ 13920
(((bovine adj (tuberculos#s or TB or "tubercle bacill*")) or
((mycobacterium or M) adj (bovis or excretion)) or ((Mycobacterium or
2 | M) adj ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis 12633
typus bovinus" or "tuberculosis variation bovis"))) not Moraxella
bovis).tw,kf.
3 |1lor2 18914
4 | diagnosis/ or diagnos*.tw,kf. 5409998
tuberculin test/ or (tuberculin or PPD or purified protein derivate or
5 | ((skin or tubercul*) adj test*) or (pirquet adj2 (react™ or test*)) or 63197
(Mantoux adj (injection? or react® or test*))).tw,kf.
6 | ((interferon adjl gamma) or IFNg or IFNy).tw,kf. 88664
enzyme linked immunosorbent assay/ or (serolog* or humoral or
7 | antibod* or milk or enzyme-linked immunosorbent assay? or ELISA or 2053296
lateral-flow or multiantigen print immunoassay? or MAPIA).tw,kf.
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polymerase chain reaction/ or (molecular-based detection? or
8 | polymerase chain reaction? or PCR or nucleic acid amplification test* or 1310347
NAATS).tw,kf.
whole genome sequencing/ or (line probe assay? or spoligotyping* or
MIRU VNTR* or ((whole or complete or full or entire) adj genome
9 - : , . 186140
sequencing*) or WGS or ((second or next) adj generation sequencing*)
or NGS).tw,kf.
10 | or/4-9 8202737
11 |3and 10 8961
12 | limit 11 to yr="2017 -Current" 3467
13 | exp Africa/ or exp Asia/ or South America/ 1845880
14 | 12 not 13 3047
15 | (Conference Abstract or Letter or Editorial).pt. 7394286
16 | 14 not 15 2380
17 | (case adj (stud* or report?)).tw,kf. 858790
18 | 16 not 17 2267
19 | limit 18 to (danish or english or norwegian or swedish) 2214
20 | limit 19 to "reviews (maximizes specificity)" 26
exp Meta-Analysis/ or "systematic review"/ or ((systematic* adj2
21 review*) or metaanal* or "meta anal*" or (review and ((structured or 842391
database* or systematic*) adj2 search*)) or "integrative review*" or
(evidence adj2 review*)).tw,kf,bt.
22 | 200r(19and 21) 59
23 | 19 not 22 2155
24 exp human/ not ((animal/ or exp nonhuman/ or Animal experiment/) 24266931
and exp human/)
25 | 23 not 24 1703
26 | limit 25 to embase 1470
Database: Scopus
Dato: 16.09.24
Antall treff: 0
Kommentar: Her er nokre avgrensingar utelatt grunna manglande treff
TITLE-ABS(((bovine PRE/O (tuberculoses or tuberculosis or TB or "tubercle
bacill*")) or ((mycobacterium or M) PRE/O (bovis or excretion)) or
((Mycobacterium or M) PRE/O ("tuberculosis var. bovis" or "tuberculosis
bovis" or "tuberculosis typus bovinus" or "tuberculosis variation bovis")))
1 | not "Moraxella bovis") OR AUTHKEY(((bovine PRE/O (tuberculoses or 84
tuberculosis or TB or "tubercle bacill*")) or ((mycobacterium or M) PRE/O
(bovis or excretion)) or ((Mycobacterium or M) PRE/O ("tuberculosis var.
bovis" or "tuberculosis bovis" or "tuberculosis typus bovinus" or
"tuberculosis variation bovis"))) not "Moraxella bovis")
2 | TITLE-ABS(diagnos*) OR AUTHKEY(diagnos*) 4,523,630

 FHI




Litteratursgk fra Bibliotek for helseforvaltningen
Dokumentasjon av sgkestrategi

TITLE-ABS(tuberculin or PPD or "purified protein derivate" or ((skin or
tubercul*) PRE/O test*) or (pirquet W/1 (react* or test*)) or (Mantoux

3 PRE/O (injection* or react* or test*))) OR AUTHKEY(tuberculin or PPD or 58 847
"purified protein derivate" or ((skin or tubercul*) PRE/O test*) or (pirquet ’
W/1 (react* or test*)) or (Mantoux PRE/O (injection* or react* or test*)))

4 TITLE-ABS((interferon W/0 gamma) or IFNg or IFNy) OR 74,868
AUTHKEY((interferon W/0 gamma) or IFNg or IFNy) ’
TITLE-ABS(serolog* or humoral or antibod* or milk or "enzyme-linked
immunosorbent assay*" or ELISA or "lateral-flow" or "multiantigen print

5 | immunoassay*" or MAPIA) OR AUTHKEY(serolog* or humoral or antibod* 1,778,606
or milk or "enzyme-linked immunosorbent assay*" or ELISA or "lateral-
flow" or "multiantigen print immunoassay*" or MAPIA)

TITLE-ABS("molecular-based detection*" or "polymerase chain reaction*"

6 | o PCR or "nucleic acid amplification test*" or NAATs) OR 991 334
AUTHKEY("molecular-based detection*" or "polymerase chain reaction*" or ’
PCR or "nucleic acid amplification test*" or NAATSs)

TITLE-ABS("line probe assay*" or spoligotyping®* or "MIRU VNTR*" or
((whole or complete or full or entire) PRE/O "genome sequencing*") or

7 WGS or ((second or next) PRE/O "generation sequencing*") or NGS) OR 124 219
AUTHKEY("line probe assay*" or spoligotyping® or "MIRU VNTR*" or ’
((whole or complete or full or entire) PRE/O "genome sequencing*") or
WGS or ((second or next) PRE/O "generation sequencing*") or NGS)

8 |2or3ord4or5or6or7 6,958,846

9 [1and 8 26

10 | 9 AND PUBYEAR > 2016 AND PUBYEAR < 2023 5

11 | 10 AND (EXCLUDE (AFFILCOUNTRY, "Brazil")) 4
INDEX ( embase OR medline ) OR ( PMID (0* OR 1* OR 2* OR 3* OR 4* OR

12 5* OR6* OR7* OR8* OR9*)) 39,218,297

13 | 11 AND NOT 12 0

Database: CAB Abstracts <1973 to 2024 Week 37>
Dato: 16.09.24
Antall treff: 1556
1 | exp Mycobacterium bovis/ 7144
(((bovine adj (tuberculos#s or TB or "tubercle bacill*")) or
((mycobacterium or M) adj (bovis or excretion)) or ((Mycobacterium or
2 | M) adj ("tuberculosis var. bovis" or "tuberculosis bovis" or "tuberculosis 10073
typus bovinus" or "tuberculosis variation bovis"))) not Moraxella
bovis).tw.

3 |lor2 10077

4 | diagnosis/ or diagnos*.tw. 572247

skin tests/ or (tuberculin or PPD or purified protein derivate or ((skin or

5 | tubercul*) adj test*) or (pirquet adj2 (react® or test*)) or (Mantoux adj 13718

(injection? or react™ or test*))).tw.
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6 | ((interferon adjl gamma) or IFNg or IFNy).tw. 20575
(serolog™ or humoral or antibod* or milk or enzyme-linked
7 | immunosorbent assay? or ELISA or lateral-flow or multiantigen print 795628
immunoassay? or MAPIA).tw.
polymerase chain reaction/ or (molecular-based detection? or
8 | polymerase chain reaction? or PCR or nucleic acid amplification test* or 358933
NAATS).tw.
next generation sequencing/ or (line probe assay? or spoligotyping* or
MIRU VNTR* or ((whole or complete or full or entire) adj genome
9 N . . - 24942
sequencing*) or WGS or ((second or next) adj generation sequencing®*) or
NGS).tw.
10 | or/4-9 1550204
11 | 3and 10 5924
12 | limit 11 to yr="2017 -Current" 1651
13 | (comment or editorial or letter).pt. 3326
14 | 12 not 13 1650
15 | (case adj (stud™® or report?)).tw. 329259
16 | 14 not 15 1581
17 | limit 16 to (danish or english or norwegian or swedish) 1412
(meta-analysis or systematic reviews).sh. or ((systematic* adj2 review*)
or metaanal* or "meta anal*" or (review and ((structured or database* or
18 . . . . . . . 82012
systematic*) adj2 search*)) or "integrative review*" or (evidence adj2
review*)).tw.
19 | 17and 18 25
20 | 16 not 19 1556
Database: Cochrane Central Register of Controlled Trials
Issue 8 of 12, August 2024
Dato: 16.09.24
Antall treff: 10
#1 | [mh A" Tuberculosis, Bovine"] 1
(((bovine NEXT (tuberculos?s or TB)) or ("bovine tubercle" NEXT bacill*)
or ((mycobacterium or M) NEXT (bovis or excretion)) or ((Mycobacterium
#2 | or M) NEXT ("tuberculosis var. bovis" or "tuberculosis bovis" or 77
"tuberculosis typus bovinus" or "tuberculosis variation bovis"))) not
"Moraxella bovis"):ti,ab
#3 | #Hlor#2 77
#4 | [mh ~Diagnosis] or diagnos*:ti,ab 217784
[mh A"Tuberculin Test"] or (tuberculin or PPD or "purified protein
#5 | derivate" or ((skin or tubercul*) NEXT test*) or (pirquet NEAR/2 (react* 4565
or test*)) or (Mantoux NEXT (injection? or react® or test*))):ti,ab
#6 | ((interferon NEAR/1 gamma) or IFNg or IFNy):ti,ab 2203
47 [mh A"Enzyme-Linked Immunosorbent Assay"] or (serolog* or humoral or 24498

antibod* or milk or ("enzyme-linked immunosorbent" NEXT assay?) or
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ELISA or "lateral-flow" or ("multiantigen print" NEXT immunoassay?) or
MAPIA):ti,ab

[mh A"Polymerase Chain Reaction"] or (("molecular-based" NEXT

#8 | detection?) or ("polymerase chain" NEXT reaction?) or PCR or ("nucleic 20487

acid amplification" NEXT test*) or NAATSs):ti,ab

[mh A"Whole Genome Sequencing"] or (("line probe" NEXT assay?) or

spoligotyping* or "MIRU VNTR" or ((whole or complete or full or entire)
#9 | NEXT ("genome sequencing" or "genome sequencings")) or WGS or 2827

((second or "next") NEXT ("generation sequencing" or "generation

sequencings")) or NGS).tw,kf.
#10 | {or #4-#9} 301677
#11 | #3 and #10 32
#12 | #11 with Publication Year from 2017 to 2024, in Trials 11
#13 | [mh Africa] or [mh Asia] or [mh "South America"] 50220
#14 | #12 not #13 11
#15 | (case NEXT (stud* or report?)):ti,ab 6761
#16 | #14 not #15 10
#17 | [mh "Humans] not ([mh A*Animals] and [mh A"Humans]) 881265
#18 | #14 not #17 10
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