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ANTE MORTEM DIAGNOSTIC TOOLS FOR TB
Detection of M. bovis-infected cattle

Tests based on cellular immunity

e Intradermal Tuberculin test

) (D7TB) (TE/TA

‘ * Interferon-gamma test
In vitro (BOVIgam)
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POST MORTEM OBSERVATION OF SUSPECTED LESIONS

Samples colection at
the abattoir from
seropositive animals

Samples colection at
the abattoir from
unsuspected
animals with
tuberculous lesions
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LABORATORY APPROACHES TOWARDS A DIAGNOSIS

Ante mortem Post mortem
/ Serological \ / \
Y - IFN test Histological

Bacteriological

Molecular
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LABORATORY APPROACHES TOWARDS A DIAGNOSIS
DECONTAMINATED SAMPLE

!

ZIEHL-NEELSEN

BACTEC 9000M Herrold’'s w/ & w/o mycobactin J

7| Stonebrink

MAC & Atypical|<

ZIEHL-NEELSEN Lowenstein-Jensen

MTC < | Lowenstein-Jensen w/ piruvate
\

i
<
In house PCR :

MTC

MAC & Atypical

I
v

INNO-LIPA GENOTYPE
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LABORATORY APPROACHES TOWARDS A DIAGNOSIS
Molecular identification

INNO-LIPA Mycobacteria _ (Innogenetics): AT .
Conjegabe oontmd - 1 Congpiabe contml
; . MY - % Fhcobar
ITS- Internal Transcriber Spacer (16S-23S) : 16 species B camplioe - 4 WS compben
MERY - 4 M. Kansran [
1 1 MA-F = & M, Banszen Il
(InCIUdlng MTC) MEA-% - & M. bendran TIT, TW. W
HAE - 7 M. memos
Moo - & #. gondorge
MG - B o L BT
w1 =10 o =T
: g g : . pML =11 #. manmur o 0 alergrs
Genotype MTBC (Hain Lifescience), multiplex PCR: bzl sy
_ o _ HAIS - 13 MATS conplex
23S, RD1, gyrB : differentiation of MTC species MAY - 14 M. @i
MIN-1 - 15 A, wirawloee 1
= = = = —— B MIM-7 =18 M. i ldee T
— o el - «=—— Conjugate Contral (CC) ( Specific banding patterns B HEE =17 M. Im}&'!m”
...... Ly LR e Universal Control JUC] of GenaType" MTBC MHL =15 # . el e
e W A v (el L MHP - 15 . izt i ik
et —1 MIH-1 - &0 #, ckeilonds 110 DT TY
:- Fo 1 . ecific gene probes for ulosis MA-I -1l M. chelonae T
— ?rfe dilfielgentl'n]t:innbnf tfhe _ ; : mu{mi MiH-3 - TX M. aiwloas |
: : | Mj.-'c:r]:aitenum tuberculosis A, M. microfi [T R - .IE:"'&'“HM mp&h:
. compe & 1 ot 4 NG MEM . Fa LR L
- | —d 6: M. bovis ssp. caprae
] el Ll L \ y
1 2 3 4 5 &

Fig. 1: Reactian zanes of the GenoType™ MTBC
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LABORATORY APPROACHES TOWARDS A DIAGNOSIS

TIME & COSTS

+20 €
21 - 45 days

TOTAL pdad L bal TLLT 1L
24 - 48 days} In-houge PCR
+ 45 € 2 7.3 days

+25 €
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LABORATORY APPROACHES TOWARDS A DIAGNOSIS
Molecular identification by  in-house PCR

PCR gyrB/REA for Mycobacterium
tuberculosis complex (MTC)

Based on gyrB gene polimorphisms -
ded LAl TLT T T
Rsal Tagl
+ > 4 >
¢ Bsal
M. tubsreuloss Sacll
250/4d0bp —— i e subtipo ]
— 360/5500p 1020 pb
440bp M. aficanum subtipo | e
Hpb
Sacll X
—>
Bem digestio —— . bovis (PZA resistente) b ~280pb
—SEDMEﬂbp{
280/740bp M. caprae {PZA suscaptivel) Mbovis M Caprae M boviz M capric

—360/860bp —— M. microf

Niemann et al., 2000
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IFN- gamma assays 2002-2010

423

495 B BO
OAV
ONEG

HBO
AV
“ NEG

I
o L1 IS B I II il '!

2002 2003 2004 2005 2006 2007 2008 2009 2010
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Bacteriological isolation and identification (1997-2 003)

900
800
700
600
500

400

300

Hm M.bovis

100 ——— I II II MSpp
aan il Irmp

1997 1998 1999 2000 2001 2002 2003

200



P T

e

i

[ : :". o
'-l&h i ' n r b Instituto Macional
\'5:,___?1 de Recursos Biologicos, |. B

Bacteriological isolation and identification of Myc
and wild life (2004-2010)

(

k)
-

~ Laboratario Macional
de Investigogao Veterinario

obacteria in domestic

m M. bovis

B M. caprae

MAC

2004 2005 2006 2007 2008 2009

B M. spp.

" neg

2010
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Bacteriological isolation and identification of Myc obacteria in domestic and wild life
(2004-2010)

B M.bovis

B M.caprae

B MTB

B M.hominissuis
O MAC

B M.kansasii

B M.simiae

O M.chelonae

B M.celatum

O M.intracellulare
O M.fortuitum

O M.marinum

B M.malmoense
O M.xenopi

B M.tuberculosis
O M.spp

B neg
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Bacteriological isolation and identification in dome

800
750
700
650
600
550

500 -

450
400
350
300
250
200
150
100

50 -

(2004-2010)

bovine

wild boatr/suine

deer

others
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stic and wild life

B M.bovis
BM.caprae
oMTB

@M. hominissuis
OMAC
OM.intracellulare
B M.kansasii

B M.simiae
OM.chelonae

O M.celatum

O M.marinum
OM.fortuitum
OM.malmoense
OM.xenopi

B M.tuberculosis
OM.spp

O neg.
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Molecular Typing of M. bovis and M. caprae isolates

« Compare the Portuguese genotypes with other identified in Europe
(www.Mbovis.org)

 Determine the frequency and temporal and geographic distribution of
M. bovis and M. caprae genotypes (structure of M. bovis and M. caprae
population in Portugal)

 Evaluate the epidemiological link between domestic and
wild life isolates

Evaluate the existence and type of bTB reservoirs

e Assess the source of infection and routes of
transmission of bTB
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SPOL | GOTY Pl NG (Spacer Oligonucleotide Typing

B.
—1 DR DR DR DR DR
— — — = —p . — —
a b a b b a b &b
Produtos de
- amplificacio

Kamerbeek et al., 1997
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M. BOVIS DIVERSITY REVEALED BY SPOLIGOTYPING

Geographic distribution of Spoligotypes in Portugal
(domestic animals)

250
SB0121 L]
200 1
SB 1095
150 1
. SB 1172
SB0140 " g
>
2 SB 0295
o
=2
SB0886 ¢ 100 1
B - o]
50 1
00000 mEEERE SB0157 ;
00000 mmmm
0

ALENTEJO BEIRA BEIRA ENTRE RIBATEJOE TRAS 0S
LITORAL INTERIOR DOUROE OESTE MONTES
MINHO
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M. BOVIS/M. CAPRAE DIVERSITY REVEALED BY SPOLIGOTYPIN
TOP 10 Spoligotypes in domestic animals

Number of isolates

Spoligotypes Pattern C G (%)

SB0121
SB0119

124 (25,94)
SBO121

seoiza 68 (14,23)
$BO130

iELlE7 29 (6,07)
SBOE33

SBEOL134
SBEOZZ2 28 (5’86)
SEOZ4%
SBOZZ6 22 (4160)
SBELO&4

spolzz 21 (4,39)
SEORET
SEOLL
SEORSE 20 (4,18)
SBOLZ7
spozzz 19 (3,97)
SBLE07
sBloeo 16 (3,35)
SE1454
SBO265 16 (3,35)
SEL0lE
SEL09S
SEO124
SEL093
SE1264
SE1486
SEO534

Spoligotyping of 478 isolates
[cattle (n=463), goat (n=14), sheep (n=1)] SE0295

SBlabs

SBlO53

SBOS43

{SBI 191

D=0.88 SBL4B7
SBL1172

SB1273

SBl485

—SELL74

L sBl433

SE1173

SEO140

_{ SBE1230

SB0140
SB0886
SB1090
SB1095

N
N

iii

SB0295

SB0157
SB0124

12 |

SB1172

SBL175
SBO1S7

T T T T T T T T T T T T T T T T 1
040 0.0 00 0a0 100
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M. BOVIS DIVERSITY REVEALED BY SPOLIGOTYPING
TOP 10 Spoligotypes in wild life

Spoligotyping of 110 isolates from wildlife [deer (n=74), wild boar (n=36)]
D=0.93

Spoligotypes Pattern D B Number of isolates (%)
SB0121 I N I N R [ [ [ [ 10 4 14 (12,73)
SB1264 (2 22® 2EE____E_________EEEEN 8 6 14 (12,73)
SB0119 I D DN [ N D [ [ [ 6 4 10 (9,09)
SB0122 "= = = E_ 2 EEEEN 10 10 (9,09)
SB0265 [ " B E 2= ___E_______ EEEEN 6 3 9(8,18)
SB1195 I B N D N D [ [ [ 4 4 8 (7,27)
SB1266 " E 2 ® 2 EE N 22 EEEEN 4 3 7 (6,36)
SB0120 [ = 2= 222®________ EEEEN 5 1 6 (5,45)
SB0856 I DY DN | D . [ [ [ [ ] 3 1 4 (3,64)
SB1174 [ BN 2® = E 2 _____EHE EEEEN 3 1 4 (3,64)
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M. BOVIS DIVERSITY REVEALED BY SPOLIGOTYPING
Host distribution of Spoligotypes

» High diversity of spoligotype patterns: 50
different in 588 isolates
* 8.4% of herds presented more than one

pattern

H-ﬂ_i A W e W L0 e
il " SclenceDirect esapimary

ELSEVIEH L T T L = |

_—
= e T T e
Shorl Eoammmnecition

Spoligotype diversity of Mycobacterinm bovis and
Myeobacterium caprae animal isolates

EL Duare ™", M. Dominges®, A, Amado®, A Bolelho **
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MIRU-VNTR

(Mycobacterial Interspersed Repetitive Units — Variable idber Tandem Repealts

MIRU 1e T 23173-23273
. MIRL 39 2511 (2x53) 43487 18-4 348523

MIRU 2 Il 154071-154123
2xll (2353} 154124-154229 @
MIRU 3¢ I11 272853-2720953

MIRU 4 3x1 (3x77) 580576-550806 @
MIRU 5 11 616826616576
e MIRU 6e 111 642752-642809

550000 f)_j_,_x MIRU 7 11 795465-795516

MIRU 40 11 802420-802476 @
T MIRUS I 812833812919
1T 812920-812973

MIRL 91 863151-863253

MIRU Lihe 3xl1 (1x55, 2553) 9601 71-96033 1 @
© MIRU 11 1T 1179343-1179393

MIRU 12 11T 1456563- 14506625
e T MIRLU 13111 1457451-1457502
II 1457303 14373535
MIRU 14 [1 1507529-150757%
MIRL 15c 1T 1625364- 16253416
MIRU 16¢ 2xll {2x53) 1644254- 1644364 @
MIRU 17e 11 1R30072- 1830123

1 2687178-2687255 \ MIRU
L 18 11 1938091-1938143
@ MIRU 23¢ fixll (1350, 5553} 2531896-2532210 MIRU 19 [ 1944754 1944806

MIRU 22 111 2438390-2438447 MIR 0
MIRU 21 1 2330145233032 U 20 2111 (2x77) 2059439-2059592 @

MIRL 38 [114134598-4134722
MIRU 37¢ [11 3991 564-3991621 \\

MIRU 36¢ 111 370489 [-3705000
MIRL 35c 111 3658654-3658708

MIRL 41 11 3626610-3626662 \X\

MIRU 34¢ [ 3591490-3591566 —_ 7

MIRU 33¢ 2110 ¢ [0, [x101) 31319465-3319663
MIRU 32c 111 2318832-3318886 ™

H37Rv

FAO0000 1100000 -
@ MIRU 31c 301 (3x53) 3192199-3182157 441 1529 bp

MIRL 30c [11 3160519-3160580 st
MIRU 29 1T 3073052-3073109

MIRU 28¢ | 5013609-301 3683
@ MIRU 26 3817 (3x51) 2096000-2096152

@ MIRU 27c 3x11 (3x53) 3007060-3007218

]
MIRU 28¢ 1 271651 3.2715353(
@ MIRU 24 11 2687126-2687177

Supply et al., 2000
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M. BOVIS DIVERSITY REVEALED BY SPOLIGOTYPING-MIRU

ASSOCIATION

MIRU-VNTR typing of 12 spoligotypes (181 strains) pro  vided 107 different profiles
(discriminatory index h=0.98)
MIRU-VNTR allelic profile

VNTR3232 ETR-A ETR-B ETR-C QUBlla QUB11b MIRU 26 MIRU 4

Number of isolates

SB0121) samiry | Q 2 |
n=70 SRS

BO119\ omiru ~ C::z::::::g:::::4 . i

SB0886) | ine 21

profiles
n=27

90 @

10 7 5 4 11 18

B0140, &MRuU _—

_ profiles
=219 10 7 5 2 11

-
s 2w
-
n=20 profiles e
""""""""""""""" 7 6 4 4 11 2 5 2 4
D
G
R

E. L. Duarte 2 b, M. Domingosa, A. Amado 2, M. V. Cunha2 and A. Botelho
a (2009) . MIRU-VNTR typing adds discriminatory value to groups of
Mycobacterium bovis and Mycobacterium caprae strains defined by
spoligotyping. Vet. Microbiol doi:10.1016/j.vetmic.2009.11.027 (in press)
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M. BOVIS DIVERSITY REVEALED BY SPOLIGOTYPING-MIRU
ASSOCIATION

« High genotype diversity confirmed by MIRU-VNTR
« SB0121 represents a heterogenous group with genetically diverse strains

» Locus VNTR 3232 showed a very high diversity with 13 different alleles and

several double alleles



{??éf- e q‘:: | | J*b:'c

'L’;' .w Inrb Institute Macional le ' ; .| i

b = de Recursos Biolégicos, |. P * Laboratério Maciona
A e de Investigocao Veterinario

INFORMATION FROM SPOLIGOTYPING-MIRU ASSOCIATION

Detection of multi-genotype infected herds in the same outbreak

Cases of possible reactivation in five herds

Introduction of one infected animal from another herd

Movement of animals between herds

Existence of wild animal reservoirs
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INFORMATION FROM SPOLIGOTYPING-MIRU ASSOCIATION

Introduction of an infected animal

INFECTED ANIMAL
Strain SB0140 /
MIRU-VNTR 10,7,5,4,11,4,5,3

NON INFECTED HERD
BECOME INFECTED

INFECTED ANIMAL
Strain SB0886 /

NON INFECTED HERD
MIRU-VNTR 8,7,2,4,7,4,6,3 BECOME INFECTED



g r
d

-'\

L]
- Instituto Macional i
i i
““"‘1. de Recursos Biolégicos, |. P Laboratario Macional

de Inveshigocao Veterinario

Movement of animals between herds

INFECTED HERD
Strain SB0121 /
MIRU-VNTR 1,6,4,4,10,2,5,3

T

5
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NON INFECTED HERD N (. / NON INFECTED HERD
\

Cattle movements between herds occurred in 54.3% of the animals
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Existence of wild animals reservoirs — M. bovis transmission
between cattle and red deer

0 28 \ |
P
Aveiro Wﬁ/%\/g"sf_u_v
Q S
INFECTED DEER J,/ b e/ /»Gua,daq./
Strain SB1174 / MIRU-VNTR 6,4,5,4,11,4,5,3 el o
A Coimbia G\réovilhé
Flgueirac1L /_/ T :h
da Foz / i
Leifia
tl QTcma.r
_A\Eranles 3° km
aldasda R

Ralnl?a s‘;
) Q ;Santarém

v \
(a: ) Mora Estremoz i 77,_,'5_!_
4 £ -
Luaboa & Vend}jﬁ.@_g/_,’/ : P
s : .
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Altace.r do Sal




’ .ﬁ'_:"_;"-h (
Ve Y >
'-'iih l;lnrb Instituto Macional : .
s de Recursos Biologicos, | P * Laboratdric Macional

de Inveshigocao Veterinario

Existence of wild animals reservoirs — M. bovis
transmission between cattle and wild boar

R

o 25

km

© Vendas Nowvas
: Q_ L INFECTED WILD BOAR
Setuabal * - \ Evora ‘;-f Strain SB0265 / MIRU-VNTR 6,1,4,2,11,2,5,3

--Ncao%r do Sal

Grandéaﬂ_
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“Thought-provoking” aspects

* Interferon-gamma as a reliable screening method for bTB. Correspondence
between this test and lesions, histopathology and bacteriological isolation.

» Analysis of the molecular epidemiology data in parallel with the traditional
epidemiology (movement of animals, contact with different reservoirs)

» Importance of wild life reservoirs: control of movements, control of disease

* Animal reservoirs: wild boar and deer. Any others (badger, opossum...,
pets in farms)?

«Coordination and integration of all the available information in a single data-base
(Complementation of SNIRA/PISA)
R T
L HER SR EAEEE Cooperation between different institutions

Epidemiovigilance
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Ana Botelho (MSc, PhD)
Teresa Albuquergue (Researcher)
Monica V. Cunha (MSc, PhD)
Ana Canto (BSc)

Filipa Matos (DVM, MSc)
Madalena Monteiro (DVM)
Ana Jorge (Technician)
Alice Batalha (Technician)
Celeste Matos (Technician)
llda Lopes (Technician)



