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Situacion epidemiologica mundial
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Age culling

« Rationale: remove older animals to slaughter to
decrease the risk of TB breakdown, removing a
source of infection for the younger animals

* Successfully used in Australia during TB eradication

* Applied to animals 28 years - where disease
prevalence was high (3%), animals > 5 years were
removed

(Cousins and Roberts 2001)









TB bovina en Espana

2014 — prev. rebafno 1.7%

2023 — prev. rebafno 1.6%

TUBERCULOSIS BOVINA. ANO 2014

Prevalencia maxima en rebanos
por comarcas

—] Sin rebafios sometidos a

.
d = pruebas (5 comarcas)
I 0% (274 comarcas)

v ﬁ ﬂ . [ 0,01-1,00% (57 comarcas)
© o [ 1.01-3.00% (50 comarcas)

I 301-52,78 % (105 comarcas)

PREVALENCIA

TUBERCULOSIS 2023

' - : Libres de infeccion por CMT ( OTF)
[ Baja prevalencia (< 1%)

v @ Media prevalencia (>1% y < 2%)
I Atta prevalencia (> 2%)



EU vs NZ
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Intro: Mycobacterium tuberculosis complex

M. canettii in East Africa and STBs

Lineage 1:
The Philippines and Indian Ocean

~2.5 million years ago? ~67,000 years ago?
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Hospedadores domesticos no bovinos

2012

Short Communications

Short CommunNicatioNs veterinary Record doi:10.1136/vr.101347

Hemdandez and others 1996). In 2000, in Asturias (Northern Spain), a

Evidence of goats acting 155 U5 0 a0y or goues sd 52 per come (35 ook of 297

= R goat herds were found positive to the gamma intesferon test, while the
as domest.c reservo. rs prevalence on bovines and bovine herds was 0.1 per cent and 0.4 per
cent, respectively (Balsciro and others 2001). However, in Spain, the
- ® testing of goat herds is only compulsory in mixed {cattle and goats)
of bovine tuberculosis farms, or when they shas pastures with cattle (Anonymous 2012a)
Yet, some autonomous communities (Andalusia, Castile and Leon,
Murcia, and the Canary Islands) have started implementing regional

control and eradication programmes in goat herds,
S. Napp, A. Allepuz, I. Mercader, Even though a possibls role of goses in bTB epidemiology in
M. Nofrarias, S. Lopez-Soria, M. Domingo, Spain has been proposed (Alvarez and others 2002, Bezos and others
2010, Rodriguez and others 201 1), there are no published evidences of

B. Romero, j' Bezos, B. Pérez de val the spread of the bacteria from goats to cattle The aim of the present

AJCM

Journaks.AShMorg

Epidemiological Significance of the Domestic Black Pig (Sus scrofa) in
Maintenance of Bovine Tuberculosis in Sicily
Vincenzo Di Marco,? Piera Mazzone,” Maria Teresa Capucchio,® Maria Beatrice Boniotti,” Vincenzo Aronica,® Miriam Russo,®

Michele Fiasconaro,® Noemi Cifani,®" Sara Corneli,” Elena Biasibetti,” Massimo Biagetti,” Maria Lodovica Pacciarini,” Monica Cagiola,”
Paolo Pasquali,’ and Cinzia Marianelli’

Tfonsboundcry and Emerging Diseases

Transboundary and Eerging Diseases

ORIGINAL ARTICLE

Sheep as a Potential Source of Bovine TB: Epidemiology,
Pathology and Evaluation of Diagnostic Techniques

M. Munoz-Mendoza', B. Romero?, A. del Cerro?, C. Gortazar®, J. F. Garcia-Marin®, S. Menéndez®,
J. Mourelo’, L. de Juan? J.L.Séez’, R. J. Delahay® and A. Balseiro®
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Infeccion
multi-hospedador

A mas especies
afectadas — mayor

estabilidad del
sistema




Episystems

’;K
. ’ E’-
' Environment
Reservoir Target Target & reservoir

“The set of biological, environmental, and
epidemiological elements of an infection in defined
geographic and temporal scales”

Haydon et al. 2002 EID; Tabachnick et al. 2010 J. Exp. Biol.
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Results: TB distribution & prevalence
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* TB detected in 4/5
biorregions (BRs)

* Mean prevalence 14%
(range 0-68%)

* Highest prevalence in
BR 3 (“Dehesa” region)



Results: more MTC host species - more TB
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Results: Red deer weight correlates strongly with TB
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High TB prevalence host communities TB-free host communities
A A
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Are we targeting the right hosts?

a)

Britain and Ireland

Iberian Peninsula

Central-
Western
Europe

c)
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I d . t t . .
Hindawi

Veterinary Medicine International

Volume 2021, Article ID 5812898, 19 pages

https://dolorg/10.1155/2021/8812598

Hindawi

Review Article

Does Mycobacterium tuberculosis var. bovis Survival in the
Environment Confound Bovine Tuberculosis Control and
Eradication? A Literature Review

Adrian R. Allen ", Tom Ford (", and Robin A. Skuce

* M. bovis might be deposited by
excretion and contaminate the
environment

* M. bovis Is relatively resilient in
the environment, where it can
iInfect a range of vertebrate and
iInvertebrate hosts

b i O 1 oOgy Biol. Lerr. (2006) 2, 460-462

I tt doi:10.1098/rsb1.2006.0468
e e rs Published online 22 March 2006

Is Mycobacterium bovis in
the environment important
for the persistence of
bovine tuberculosis?

0. Courtenay’*, L. A. Reilly’, F. P. Sweeney?,
V. Hibberd?, S. Bryan?, A. Ul-Hassan?,

C. Newman?, D. W. Macdonald®, R. J. Delahay*,
G. J. Wilson* and E. M. H. Wellington®*



eDNA targeting MTC

- .
Mud-pool of wild boar

Water (1 1)

0.10 4

MTC DNA in 10%
water samples and
50% mud samples

0.8

(b)

0.6

Shallow and small

Probability to test positive to MTC DNA
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T_ronsboundory and Emerging Diseases :

Transboundary and Emerging Diseases

ORIGINAL ARTICLE

Environmental Presence of Mycobacterium tuberculosis
Complex in Aggregation Points at the Wildlife/Livestock

Interface
3

J. A. Barasona', J. Vicente', I. Diez-Delgado’?, J. Aznar®#, C. Gortazar' and M. J. Torres
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Gestion purines

Proximidad a bosque o matorral

Contacto rebanos bovinos

Contacto ciervo, gamo Contacto jabali ”
Saneamientos

Proximidad a maizal o afines

Almacenes de alimento

Densidad rebanos bovinos &

Contacto gatos, perros Contacto caprinos, ovinos, porcino extensivo...

Distancia rebafios préximos Desinteccion Contacto tején

- ]+
Proximidad a rio Tamano del rebano &‘m Comederos

Movimientos | == ~

Puntos de agua

Cerramiento exterior Proximidad a coto de caza mayor




Tamano del rebano

Movimientos

Saneamientos

Contacto rebanos bovinos
. IDensidad rebanos bovinos

Distancia rebanos proximos

-

Puntos de agua

Almacenes de alimento

&

Comederos

Cerramiento exterior

o

' Cerramiento zona novillas

Gestién purines

Contacto caprinos, ovinos, porcino...

J

&

W

Contacto gatos, perros

)

-

Proximidad a rio

Proximidad a maizal o afines”

Proximidad a bosque o matorral

(¥

Contacto tején \

Contacto jabali

Contacto ciervo, gamo

Proximidad a coto de caza mayor /




Ejemplo en ganaderias de carne: Salamanca, Espana

European Journal of Wildlife Research (2024) 70:81
https://doi.org/10.1007/510344-024-01833-z

RESEARCH

Farm management practices and host species richness associated
with higher likelihood of tuberculosis positive farms in Western Spain P ——

® TB-positive farms
* Recurrently positive

Bl Municipalities
Salamanca Province

Gloria Herrero-Garcia' - Rita Vaz-Rodrigues? - Pilar Pozo?? - Patricia Barroso' - David Relimpio? - Jests Nacar® - —{ad
Anna Grau® . Olga Minguez’ - Alberto Garcia-Rodriguez' - Ana Balseiro™® . Christian Gortazar?

Gloria Herrero-Garcia

<
-
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Predicted probability

0.00

3 4 5 £ 7 g
Number of hosts



Ejemplo en ganaderias de leche: Navarra, Espana

Animal
The international journal of animal biosciences

Contribution of herd management, biosecurity, and environmental
factors to the risk oﬁ bovine tuberculosis in a historically low prevalence
region

P. Pozo®'", J. Isla®™!, A. Asiain ¢, D. Navarro ¢, C. Gortazar*®

Julio Isla
(Sabiotec)




Ejemplo en ganaderias de leche: Navarra, Espana

Animal

The international journal of animal biosciences Pl’inCipales factores de rieng:

L . . . - Contacto con ovinos
Contribution of herd management, biosecurity, and environmental

factors to the risk of bovine tuberculosis in a historically low prevalence - Presencia de fauna (teJOI’l, ja ba ll)
region - Ausencia vallado completo
a,1,* b,1 f4im € d 4 a . .
P. Pozo® " ]. Isla™", A. Asiain ¢, D. Navarro “, C. Gortazar _ MOVlmlentOS
Prevalence index 95%
Confidence
interval
Variable Level 0 1 2 >3  Total % OR 25% 975%  P-value®  P-value”
Multivariable
Leasing pastures for sheep flocks during Winter  No 25 15 16 11 67 713 NA NA NA NA 0.05
Yes 3 6 4 14 27 287 309 102 999 0.05
Use of pastures No 17 9 7 3 36 383 NA NA NA NA 0.34
Yes 11 12 13 22 58 61.7 199 048 8.47 0.34
Frequency of badger sightings 0 (never) 21 10 9 6 46 489 NA NA NA NA 0.03
1 (sporadically) 6 9 8 13 36 383 303 112 851 003
>1 (monthlytodaily) 1 2 3 6 12 128 434 113 1748 0.3
Solid fencing around farmyard No 15 15 16 22 68 723 NA NA NA NA 0.06
Yes 13 6 4 3 26 27.7 042 0.16 1.04 0.06
Movement to pastures On foot 4 3 7 18 32 340 NA NA NA NA 0.001
None 17 9 9 4 39 41.5 0.57 012 2.74 0.48
Transport 1 2 2 1 6 6.4 049 0.08 2.89 0.42
Vehicle 6 7 2 2 17 18.1 0.09 0.02 0.31 0.001
0]1 Intercept 043 NA NA 0.33
112 Intercept 156 NA NA 0.61

2]|=3 Intercept 6.09 NA NA 0.04




Ejemplo en ganaderias de carne: Navarra, Espana

Se analiza la comunidad de hospedadores y se
identifican como relevantes:

PLOS ONE ~ Bovinos
- Jabali
RESEARCH ARTICLE .,
Environmental DNA: A promising factor for - Tejon
tuberculosis risk assessment in multi-host - Ovinos

settings

Jordi Martinez-Guijosa'® *, Beatriz Romero?®, José Antonio Infantes-Lorenzo??,

Elena Diez’,Warlana Boadel’, Ana Balselo”, Miguel Velgac, Davd Navarr”, Los predios se clasifican en (+) o (-) segun se detecte
ADN ambiental de CMT en esponjas.

Lucas Dominguez®?, Christian Gortazar’

Factores de riesgo principales:
- “uso de pastos regionales” (ovino, jabali)
- “proximidad a bosques” (jabali, tejon)

24 predios El muestreo de ADN ambiental mediante esponjas
20 variables ayuda en analisis de riesgo
Jordi Martinez Guijosa ::::: o

100 *
LR 2 R A
OMTC DNA negative @ MTC DNA positive



Esponjas para detectar TB

Esponjaimpregnada con liquido que
destruye patdgenos pero conserva
su ADNyARN

La esponjarecoge ADNy ARN
ambiental sobre superficies como
comederos, bebederos o piel

La muestra se traslada al
laboratorio para extraer ADN y
ARN ambiental

RT PCR a tiempo real
siguiendo protocolos en
laboratorio acreditado

ORIGINAL ARTICLE

Detection of environmental SARS-CoV-2 RNA in a high
prevalence setting in Spain

Isabel G. Fernandez-de-Mera! | Francisco J. Rodriguez del-Rio? | José de la Fuente
“ 2| >
1

Inmaculada Moreno
o

Marta Pérez-Sancho Dolores Hervas

Mercedes Doml’ngue25 | Lucas Dominguez Christian Gortazar

1,3 |




Proyecto ONE HEALTH FARMING

Vigilancia medioambiental y mitigacion de riesgos para una produccion alimentaria ganadera segura 'y
sostenible y la conservacion de la biodiversidad

* Plan de )
B oW Recuperacion,
A s Transformacién
Financiado por > £ h
la Unién Europea o y Resiliencia mﬁ

© NextGenerationEU

Objetivo: mejorar la bioseguridad de las explotaciones
extensivas para hacerlas mas resistentes a las
enfermedades emergentes, mas competitivas y mas
sostenibles.
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WILDLIFE RESCUE CENTER

Other NHPs in captivity

Locals

Cattle and other livestock

VILLAGES

NP Rangers }

Localforestusers

Tourists

Wild chimpanzees

Habituated wild
gorillas

Other wild NHPs

Nonhabituated
wild gorillas

NATIONAL PARK




Estructura de la presentacion

* Situacion actual de la TB animal

* Epidemiologia: hospedadores y transmision

* Analisis de riesgos y diagndstico epidemiologico
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e Vacunacion
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e _ =
A.- No actuar ni

Control R
vigilancia sanitaria igilancia

poblacionaly

(desaconsejado) Sl
d e sanitaria
B.- No actuar
(coste>beneficio),
T B pero realizar Prevenciony
vigilancia sanitaria bioseguridad
C.- Actuar Control de

(coste<beneficio), >_< pemediones
siempre realizando

I . e ™ Vacunacion
vigilancia sanitaria
¥ ——————

1. Diagnodstico 2. Decision entre 3. Intervencion
epidemiolodgico tres opciones (control integrado)

MINISTERIO DE AGRICULTURA Y
PESCA, ALIMENTACION Y
MEDIO AMBIENTE

4. Valorarel efecto
de la intervenciony
nueva decision

PATUBES

Plan de Actuacion sobre TUBerculosis en Especies

Silvestres



Standard TB control in cattle

TR, T

| MOVEMENTCONTROL

These tools work

but are
expensive

SKIN TESTING & limited to ¥ SLAUGHTER INSPECTION
cattle £
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Farm biosafety; Michigan (USA




PLOS ONE

RESEARCH ARTICLE

Environmental DNA: A promising factor for
tuberculosis risk assessment in multi-host
settings

Jordi Martinez-Guijosa ' *, Beatriz Romera®, José Antonia Infantes-Lorenzo®?,
Elena Diez*, Mariana Boadella®, Ana Balseiro®, Miguel Veiga(»', David Navarra®,
Inmaculada Mareno’, Javier Ferreres', Mercedes Dominguez’, Cesar Fernandez’,
Lucas Dominguez””, Christian Gortazar'

* Poblaciones

Diagnéstico *fauna
epidemioldgico *ganado

e Situacion TB

Contents lists available at ScienceDirect

Preventive Veterinary Medicine

journal homepage: www.elsevier.com/locate/prevetmed

Spatially explicit modeling of animal tuberculosis at the
wildlife-livestock interface in Ciudad Real province, Spain

Nathaniel P. LaHue ", Joaquin Vicente Banos", Pelayo Acevedo", Christian Gortazar®,

Beatriz Martinez-Lépez*

.

Analisis de e Explotacion
riesgos e/0Na

Contents lists available at SciciceDirect

Preventive Veterinary Medicine

ELSEVIER journal homepage: www.elsevier.com/locate/prevetmed

Description and implementation of an On-farm Wildlife Risk Mitigation
Protocol at the wildlife-livestock interface: Tuberculosis in
Mediterranean environments

Jordi Martinez-Guijosa ***, Jose Francisco Lima-Barbero ", Pelayo Acevedo®,
David Cano-Terriza, Satil Jiménez-Ruiz *, Jose Angel Barasona ", Mariana Boadella ",
Ignacio Garcia-Bocanegra ‘, Christian Gortazar °, Joaquin Vicente *

¢ Infraestructuras
Intervencion * Manejo

e Animales

TUBERCULOSIS

Medidas de bioseguridad
en explotaciones extensivas de ganado bovino



TB vaccines

* Bacillus Calmette Guerin (BCG)

1920 s Institut Pasteur

Live, natural deletion mutant
Mycobacterium bovis

Causes cross-reaction with CMl tests
Survives in vaccinated — safety concerns

* MtbVac (UNIZAR-Zendal)

2000’s Carlos Martin, Zaragoza

Live, targeted deletion mutant
Mycobacterium tuberculosis

Causes cross-reactions

Human TB - safety concerns in animals

« HIMB (NEIKER-Sabiotec + Consortium)

2010’s Ramon Juste, NEIKER
Heat-killed field strain
Mycobacterium bovis

No cross-reaction by oral route
Heat-killed — no safety concerns
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* Attenuated M. bovis mutant obtained
after several re-cultures by Albert
Calmette & Camille Guérin at Inst.
Pasteur (Calmette 1927)

AVEC- L. 4 COLLABORATION DE
GUERIN, A. BOQUET et L. NEGRE
e BCG is still the most used TB vaccine

(Franco-Paredes et al. 2006)




} frontiers REVIEW
in Veterinary Science )

B C G i n C att le A Meta-Analysis of the Effect of

Bacillus Calmette-Guérin Vaccination
Against Bovine Tuberculosis: Is
Perfect the Enemy of Good?

Sreenidhi Srinivasan'?, Andrew J. K. Conlan®, Laurel A. Easterling*, Christian Herrera'?,
Premanshu Dandapat®, Maroudam Veerasami®, Gobena Ameni’, Naresh Jindal®,
Gopal Dhinakar Raj®, James Wood?, Nick Juleff'’, Douwe Bakker'!,

* Meta-analysis: 25% efficacy against infection e e e
* Field studies only: 28-85% efficacy

* At low to moderate TB prevalence (<15%), BCG use can lead to OTF in 10 years

Database # Authors Location BCG source BCG route BCG dose Controls_ n Vaccinates n  Reported
efficacy

574 Ameni et al. (35) Ethiopia BCG Danish 1331 Subcutaneous 14 x 10° CFU 26 23 30%

1266 Ameni et al. (23) Ethiopia BCG Danish 1331 Subcutaneous 1 10° CFU 14 13 B80%

1368 Mugent et al. (34) MNew Zealand BCG Danish 133 O%7§wd S.JDCUtElﬂE:D?E‘} 1% 10% CFU 531 844 B7%

1373 Lopez-Valencia et al. Mexico BCG Tolkyo Subcutaneous 1 x 108 CFU 66 Bb B80%

25)
1410 Mugent et al. (26) New Zealand BCG Danish 1331 Subcutaneous 3x 10° CFU 297 520 8%
Batissa et al. (2021) Ethiopia BCG RussiaSubcutaneous 1x10"6 18 22 28%

Retamal et al. (2021)  Chile BCG RussiaSubcutaneous 2-8x10"5 60 62 66%
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Development of a
deployable

tuberculosis
vaccine for cattle

Field Trial update — March 2024

The on-farm aspect of the latest phase (Phase 2) of the TB vaccine field trials has been completed. This phase of the trial enabled
government to collect safety data for inclusion in upcoming marketing authorisation applications. All GB administrations have taken the
decision to move to a further phase (Phase 3) to gather additional data on the DIVA test specificity and explore options to optimise the
performance of the new test. Phase 3 will assess BCG vaccination and the companion DIVA skin test on a broader cohort of herds to further
inform our collective planning for delivery. We are continuing to work at pace but will only deploy the vaccine and companion DIVA skin test
when we have all the right steps in pIace.lOur aim is to deliver an effective cattle TB vaccination strategy within the next few yearslto
accelerate our continued progress towards achieving OTF status for England and Wales.




Heat-inactivated mycobacteria
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Heat-killed M. bovis vaccine

HIMB

R! Dendritic cells Other cell types
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OPEN & ACCESS Freely available online “ PLOS one

Protection against Tuberculosis in Eurasian Wild Boar
Vaccinated with Heat-Inactivated Mycobacterium bovis

Joseba M. Garrido’, Iker A. Sevilla', Beatriz Beltran-Beck?, Esmeralda Minguijén’, Cristina Ballesteros?,
Ruth C. Galindo®, Mariana Boadella?, Konstantin P. Lyashchenko?, Beatriz Romero®, Maria Victoria
Geijo', Francisco Ruiz-Fons? Alicia Aranaz®, Ramén A. Juste', Joaquin Vicente?, José de la Fuente®®,
Christian Gortazar®*

Dr. Ramodn Juste, |
NEIKER

Heat inactivated vaccine
(HIMB)
“Machuquillo de Ramon”

OPEN & ACCESS Freely available online @ PLOS | ONE

Oral Vaccination with Heat Inactivated Mycobacterium
bovis Activates the Complement System to Protect
against Tuberculosis

Beatriz Beltran-Beck'®, José de la Fuente'??, Joseba M. Garrido?, Alicia Aranaz®, lker Sevilla3,
Margarita Villar', Mariana Boadella’, Ruth C. Galindo'?, José M. Pérez de la Lastra’, Juan A. Moreno-
Cid', Isabel G. Fernandez de Mera’, Pilar Alberdi’, Gracia Santos’, Cristina Ballesteros’,

Konstantin P. Lyashchenko?®, Esmeralda Minguijén?, Beatriz Romero®, Lucia de Juan®, Lucas Dominguez®,
Ramoén Juste®, Christian Gortazar'*




Vaccination Revaccination Challenge Handling Necropsy
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Total: n=28
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Gene expression

Pig and wild boar

Red deer

Goat

African buffalo

Cattle

European badger

Zebrafish
(M. marinum)




Resultados de 15 anos
de investigacion

Niveles de proteccidén son equivalentes
en BCGyHIMB

Aligual que BCG, HIMB confiere una
proteccion incompleta, reduciendo las
lesiones y la excrecidn

Aligual que BCG, HIMB funciona por via
parenteral y por via oral

A diferencia de BCG oral, HIMB oral no
causa interferencia diagndstica

A diferencia de BCG, HIMB no necesita
frio

A diferencia de BCG, HIMB no conlleva
riesgos por supervivencia o excrecion



Estructura de la presentacion

* Situacion actual de la TB animal
* Epidemiologia: hospedadores y transmision
* Analisis de riesgos y diagndstico epidemiologico

* Herramientas de control
* Pruebas y matadero en bovinos
* Control de hospedadores no bovinos
* Bioseguridad
* Vacunacién

 Cuatro mensajes clave




New Zealand’s
farmers are
actively involved in
the TB control
scheme

1: Ganaderos

>



Slaughter inspection

Test & cull

Movement control

Age culling

Genetic resistance

Vaccination

Farm biosafety

Culling (random)

Wildlife biosafety

2: Comunidades



(o))

Ejemplo en ganaderias de carne: Navarra, Espana

PLOS ONE

RESEARCH ARTICLE

Environmental DNA: A promising factor for
tuberculosis risk assessment in multi-host
settings

Pty iqes SR gruievsriX .'4‘.3‘.5.’;".‘:2:".“3‘;'3‘;':.‘:';?2?.’ f’

Inmaculada Moreno”, Javier Ferreres’, , Cesar
Lucas Dominguez®?, Christian Gortazar'

24 predios
20 variables

Jordi Martinez Guijosa

Diagnostico

Se analiza la comunidad de hospedadores y se
identifican como relevantes:

- Bovinos

- Jabali

- Tejon

- Ovinos

Los predios se clasifican en (+) o (-) segun se detecte
ADN ambiental de CMT en esponjas.

Factores de riesgo principales:
“uso de pastos regionales” (ovino, jabali)
“proximidad a bosques” (jabali, tejon)

El muestreo de ADN ambiental mediante esponjas
ayuda en analisis de riesgo

200 o o ¢
100 . ?
q *

0 R A
OMTC DNA negative

£
%
A

@ MTC DNA positive

epidemiologico
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poblaciones

Vacunacion

3. Intervencion
(control integrado)

N

1. Diagnostico 2. Decision entre
epidemioldgico tres opciones
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4. Valorarel efecto
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nueva decision

4:; Gontrol Integracdo



De la TB animal se puede salir

16%

14%

Diagndstico

2% A
epidemioldgico

10%

Mejoras
bioseguridad

8%

6%

4%

2%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(prevision)

Figura 18.- Mejora de la prevalencia de TB en ganado tras la aplicacién de medidas de

bioseguridad en charcas y abrevaderos (fuente: Gobierno de Navarra).



Futuro

\

Campaiia de saneamiento

Campaiia de saneamiento

Vacunacion

Bioseguridad
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