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Abstract

Diagnosis of bovine tuberculosis (TB) is usually performed by the tuberculin intradermal test, which
allows detection of cattle that have been exposed toMycobacterium bovis. However, in herds where control
of TB is based on the identification and removal of reactors to this test, some animals in advanced stages
of the disease and with open lesions do not show reactivity to tuberculin (anergic), and might remain in
the herd, thus constituting a potential source of infection in susceptible cattle. The objective of this study
was to use alternative methods of diagnosis to identify positive TB bovines that are not detected by the
intradermal test. A dairy herd of 277 bovines, which had been under supervision by the National TB
Control and Eradication Campaign in Mexico (CANETB), was selected. A serologic survey was carried
out to determine the presence of antibodies against components of the culture filtrate protein extract
(CFPE) by immunoenzymatic methods (ELISA). Eleven samples were considered positive as they
showed optical density (OD) values equal or higher than the cut-off value (OD = 0.300). These animals
were analyzed again by ELISA, using both M. bovis and M. avium CFPE, in order to confirm infection. In
addition, production of interferon-g (IFN-g) was also determined in whole blood samples using a
commercial kit. DNA obtained from nasal swabs of the same animals was analyzed by spoligotyping.
Results obtained in these assays indicated that 8/11 were positive to ELISA, 7/11 showed production of
IFN-g and 6/11 were positive by spoligotyping. Tests used in this study identified several anergic animals
in this herd. It is considered that these methods could be useful in the control of TB in areas of low
prevalence (<1%), since the intradermal test does not detect bovines in an advanced stage of the disease.
These alternative methods could be used together with the tuberculin test for a more reliable diagnosis
of tuberculosis.
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Resumen

La prueba intradérmica de la tuberculina es el método utilizado generalmente para la deteccién de animales
que han estado en contacto con Mycobacterium bovis. Sin embargo, en explotaciones donde se lleva a cabo un
control de la tuberculosis bovina (TB) con esta prueba, la mayoria de los animales reactores se eliminan, pero
algunos animales no reactores que se encuentran en fases terminales de la enfermedad, con lesiones abiertas,
permanecen dentro del hato y constituyen un foco potencial de infecciéon para la poblacién susceptible. El
objetivo del presente trabajo fue utilizar métodos alternos ala prueba intradérmica, para identificar animales
que no son detectados por esta prueba. Se seleccion6 un hato lechero de 277 animales, considerados dentro
de la Campana Nacional de Control y Erradicaciéon de la Tubercolosis (CANETB). Se obtuvo suero de toda la
explotacion y se determind la presencia de anticuerpos contra componentes del extracto proteinico del
filtrado de cultivo (CFPE) de M. bovis en un primer estudio. Once animales se consideraron positivos, ya que
presentaron valores de densidad 6ptica (DO) iguales o mayores que el punto de corte (DO = 0.300). Para
confirmar la infeccién, se obtuvieron muestras de suero de estos animales, en las cuales se determing,
nuevamente mediante ELISA, la presencia de anticuerpos contra CFPE de M. bovis y se compararon con los
producidos contra M. avium; asimismo, se determiné la produccién de IFN-gen muestras de sangre completa
de estos animales, empleando un paquete comercial, y se analiz6 el ADN obtenido de muestras de exudado
nasal por medio del método de spoligotyping. Los resultados de estas pruebas mostraron que 8/11 fueron
positivos a ELISA, 7/11 fueron positivos a IFN-gy 6/11 positivos en spoligotyping. Las pruebas alternativas
propuestas en este trabajo identificaron animales anérgicos por lo que se considera que podrian ser muy ttiles
para el control de la TB en zonas donde la prevalencia sea menor a 1%, ya que con la prueba intradérmica es
dificil detectar animales en etapas finales dela enfermedad. Por tanto, las pruebas complementarias utilizadas
representan una alternativa viable para realizar un diagnoéstico mas confiable.

Palabras clave: TUBERCULOSIS BOVINA, DIAGNOSTICO, ELISA, IFN-g SPOLIGOTYPING, GANA-
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Introduction

% uberculosisin humansis caused by Mycobac-
terium tuberculosis yet there is a risk of con-

4. tractingthedisease from the etiological agent
that causes tuberculosis in cattle, M. bovis.! Bovine
tuberculosis (TB) has been controlled in many coun-
tries by maintaining a strictidentification and slaug-
hter policy upon those animals that react positively
to the tuberculin test. Furthermore, the incidence of
M. bovis-induced tuberculosis in humans has de-
creased following the pasteurization of milk 2It has
been shown that 30% of tuberculous cows shed M.
bovis through the respiratory tract.’ The level of M.
bovis infection in animals depends on various fac-
tors, such as the number of organisms excreted,
exposure time, proximity of the affected animal and
the size of the particle that contains the viable myco-
bacteria.!

The use of the intradermal test, which employs a
purified protein derivative (PPD) as an antigen, has
been an indispensable tool for detecting cattle in-
fected with M. bovis> However, its sensitivity is
insufficient, as is its specificity, given that infections
caused by other mycobacteria, such asM. avium, M.
paratuberculosisor atypical mycobacteria, also react.®
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Introduccion

a tuberculosis en humanos es causada por
Mycobacterium tuberculosis, peroexiste el riesgo
%..d decontraer estaenfermedad porM. bovis,agen-
te etlologlco delatuberculosis del ganado.! La tubercu-
losis bovina (TB) se ha controlado en muchos paises
mediantelaidentificaciény sacrificio deanimalesreac-
tores ala tuberculina. Ademas, la incidencia de tuber-
culosis humana causada por M. bovis ha disminuido
debidoala pasteurizaciéon delaleche.>?Se ha demostra-
do que 30% de vacas tuberculosas expulsan M. bovisa
través del tracto respiratorio.? El grado deinfeccién por
M. bovis en los animales depende de varios factores,
como el niimero de organismos excretados, el tiempo
de exposicion, el grado de cercania de un animal afec-
tado y el tamafio de la particula que contiene las
micobacterias viables.
Elempleodelapruebaintradérmicausandoel deriva-
do proteinico purificado (PPD) como antigeno, ha sido
una herramienta indispensable para detectar ganado
bovino infectado con M. bovis.> Sin embargo, su sensibili-
dad es insuficiente, asi como su especificidad, debido a
infecciones por otras micobacterias como M. avium, M.
paratuberculosis omicobacteriasatipicas.®Otro problema
de la prueba intradérmica reside en que no detecta ani-




Another problem with this intradermal testis thatit
cannot detect animals that do not present delayed-
type hypersensitivity (DTH) towards M. bovis, the
so-called anergic animals, be it from disseminated
infection or due to a recent infection, since in these
cases cellular immunity is depressed orina develop-
mental phase.” Anergic animals are extremely sus-
ceptible to infections caused by intracellular micro-
organisms.® In cattle, several factors associated with
a diminished cell-mediated immune response have
been described, such as the administration of corti-
costeroids,’ infections with bovine viral diarrhea,!®
gestation and lactation." These animals appear to
produce low levels of interferon gamma (IFN-g) both
in cells stimulated by different fractions of M. bovis
antigens and by bovine PPD under in vitro condi-
tions.™

Research carried out on the immunological as-
pects of tuberculosis have found that cell-mediated
immunity has an important role in the resistance
against thisillness.®Inthe1990’s, asimple and quick
test to detect cattle with TB was developed.* This
testevaluated cellular immunity via the detection of
IFN-gproduced inresponse to a specificantigenina
whole blood culture. In general, an animal infected
with M. bovis has circulating lymphocytes that re-
cognize the mycobacteria antigens present in the
PPD, and, as a result, they secrete IFN-gthat can be
detected via an immunoenzymatic assay that uses
monoclonal antibodies.”

In other studies, molecular biologists have deve-
loped tools such as the polymerase chain reaction
(PCR) that can be used to diagnose intracellular
bacterial diseases that are hard to culture. In spoli-
gotyping, PCR is used to amplify a direct repeat
region (DR), which flanks the IS6110 sequence and is
only present in members of the M. tuberculosiscom-
plex.!* This region consists of a series of identical 36
base pairs (bp) DR’s, alternating with 34- to 41-bp
unique spacer sequences.” The products of the am-
plification are hybridized with synthetic oligonucle-
otides, which are fixed on a nylon membrane and
which correspond to the spacer sequences of the
DR’s. This method has been employed in typifying
isolates and, not long ago, was used on clinical sam-
ples for diagnostic purposes. In this study it was
used to detect mycobacteria DNA in nasal swab
samples.”

The objective of the present study was to detect
anergic animals (those that did not present cellular
immunity) in a dairy herd considered to be free of
bovine tuberculosis, by using diagnostic methods
different from the intradermal tuberculin test. To
this end, the presence of antibodies against myco-
bacteria antigens was determined using ELISA;"the

males sin hipersensibilidad tardia (HT) hacia M. bovis,
denominados anérgicos, yasea conunainfeccién disemi-
nada o con una infeccién reciente, debido a que en estos
casos lainmunidad celular se encuentra deprimidaoen
proceso de desarrollo.” Los animales anérgicos son extre-
madamentesusceptiblesainfecciones pormicroorganis-
mos intracelulares.® En bovinos se han descrito factores
asociados con la disminucién de la respuesta inmune
mediada por células, tales como la administracién de
corticoesteroides,’ infecciones con el virus de diarrea viral
bovina, la influencia del estado de gestacién y lactan-
cia."' Estosanimales, al parecer, producenniveles bajosde
interferén gamma (IFN-g), tanto en células estimuladas
con diferentes fracciones de antigenos de M. bovis,como
con PPD bovino bajo condiciones in vitro."?

En investigaciones efectuadas sobre los aspectos
inmunolégicos dela tuberculosis sehaencontrado que
lainmunidad mediada por células participa de manera
relevante en la resistencia a esta enfermedad.” En la
década de los noventa del siglo pasado, se desarroll6
una prueba simple y rdpida para detectar bovinos
tuberculosos,' esta prueba evaltialainmunidad celu-
lar mediante la detecciéon del IFN-gen respuesta a un
antigeno especifico bajo un sistema de cultivo con
sangre completa. En general, un animal infectado con
M. bouis, tiene en la sangre linfocitos que reconocen
antigenos micobacterianos presentes en el PPD; como
resultadoinducenla secrecién del IFN-g que puedeser
detectado por un ensayo inmunoenzimaticoemplean-
do anticuerpos monoclonales."

Por otra parte, la biologia molecular ha desarrollado
herramientas comolareaccionencadenadelapolimera-
sa (PCR), para el diagndstico de enfermedades bacteria-
nas intracelulares y de dificil crecimiento. En el método
conocido como spoligotyping se amplifica por PCR, una
regionrepetitiva (DR) presente inicamenteenmiembros
del complejo M. tuberculosis, que flanquea la secuencia
1S6110."° Esta region consiste en una serie de secuencias
idénticas de 36 paresdebases (pb), separadasentresipor
regiones variables de 34 a 41 pb."” Los productos de
amplificaciénsehibridanconoligonucleétidossintéticos,
fijados a una membrana de nailon, que corresponden a
las regiones espaciadoras de DR. Este método se ha
empleadoenlatipificacion deaislados, nohacemuchose
ha utilizado esta técnica en muestras clinicas con fines
diagndsticos; en este trabajo se us6 en la deteccion de
ADN demicobacteriasen muestras deexudadonasal.’®

El objetivo del presente trabajo fue detectar anima-
lesanérgicos (ausencia delainmunidad celular) enun
hatolechero consideradolibre de tuberculosis bovina,
mediante métodos de diagnéstico diferentesala prue-
baintradérmica. Para dicho fin se determiné mediante
ELISA,"la presencia de anticuerpos contra antigenos
micobacterianos; se evalué la produccién de IFN-gen
muestras desangre estimuladas con PPD bovino, PPD
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in vitro production of IFN-gwas evaluated in blood
samples thathad been stimulated with bovine PPD,
avian PPD, as well as non-stimulated samples; as
well as confirming the presence of M. bovis DNA
fromnasal swabs by using spoligotyping.

Material y methods
Study animals

The study was carried out on a dairy farm with 277
Holstein-Fresian cows that had been maintained
under the National TB Control and Eradication Cam-
paign in Mexico (CANETB). During the five years
prior to the study all animals found to be positive to
thesimple caudal intradermal tuberculin test (bovi-
ne PPD) were eliminated; the herd was considered
tobefree of TB given that the intradermal tuberculin
tests from the previous year had all been negative.
Atthe beginning of the study, a double comparative
tuberculin test (bovine and avian PPD) was carried
out and no positive reactors were discovered. Sera
where obtained from all the animals following the
tuberculin test, these were kept at -70°C. For the
second sampling, 11 animals with high antibody
levels againstM. bovis culture filtrate protein extract
(CFPE), evaluated viaan ELISA and considered sus-
picious for being anergic, were selected. Both sera
and whole blood without anticoagulant were collec-
ted from these animals in order to test for IFN-g and
nasal swab samples were collected in sterile phos-
phate-buffered saline (PBS, pH 7.2) for spoligoty-

ping.
Antigens employed in ELISA

To obtain mycobaterial CFPE from M. bovis AN5
and M. avium D4, these were cultured in Dorsett-
Henley medium for six weeks.* At the end of the
incubation period the bacterial mass was elimina-
ted by filtration, using asbestos and cellulose fil-
ters,* followed by 1.2, 0.45 and 0.22 mm millipore
filters.** The proteins present on the residual li-
quid were precipitated with 80% ammonium sulfa-
te at constant stirring and 4°C for 24 hours. The
precipitate was centrifuged at4°C for 60 minutes at
20 000 ¢g*** and then resuspended in 10 ml of PBS
withapHof7.2. This was then exhaustively dialy-
zed in dialysis bags,' taking the cut-off point at 3
500 kDa at 4°C for 48 h with PBS. The material
obtained was designated the culture filtrate pro-
tein extract (CFPE). The protein content of the CFPE
was determined using Bradford’s method,* the con-
centration was adjusted to 35.0ng/mland thiswas
then stored at -70°C until use.
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aviar y sin estimular bajo condiciones in vitro, y se
confirmo la presencia de ADN de M. bovis en exudado
nasal mediantespoligotyping.

Material y métodos
Animales de estudio

El estudio se realiz6é en una explotacién lechera con 277
animales delaraza Hostein-Fresian, que sehamantenido
bajolaCampatia Nacional de Control y Erradicaciondela
Tubercolosis (CANETB). Durante el transcurso de cinco
afios previos se elimind a todo animal reactor a la
tuberculinasimplecaudal (PPD bovino) y seconsideraba
hato libre de TB, ya que las pruebas de tuberculina
realizadas en el tdltimo afio habian sido negativas. Al
inicio de este estudio se aplicé la tuberculina doble com-
parativa (PPD bovino y aviar), y no se encontraronreac-
tores positivos. Se obtuvo suero de todos los animales
después de la tuberculina y se conservé a -70°C. En un
segundomuestreoseseleccionaron11animalesconaltos
titulos de anticuerpos contra el extracto proteinico del
filtrado de cultivo (CFPE) de M. bovis, evaluados por
ELISA y sospechosos de ser bovinos anérgicos. Ademas
de obtener suero de estos animales, se tom6 sangre con
anticoagulante para la prueba de IFN-gy muestras de
exudado nasal en solucién amortiguadora de fosfatos
(PBSpH?7.2) estéril pararealizar el spoligotyping.

Antigenos empleados en el ELISA

Para la obtencién del CFPE de las micobacterias de M.
bovis AN5 y M. avium D4, se cultivaron en medio liquido
de Dorsett-Henley durante seis semanas.” Al final del
periodo deincubaciénla masa bacteriana se eliminé por
medio de filtracién, empleando filtros de asbesto y celu-
losa,* y posteriormente en filtros millipore** de 1.2, 0.45
y 0.22 mm. Las proteinas presentes en el liquido residual
se precipitaron con sulfato de amonio al 80%, con agita-
cién constante a 4°C durante 24 horas. El precipitado se
centrifugé a 4°C por 60 minutos a 20 000 g*** y fue
resuspendidoen10mlde PBSpH7.2; posteriormente fue
dializado exhaustivamente en bolsas de dialisis, f conun
punto de corte de 3 500 kDa a 4°C durante 48 horas con
PBS. El material obtenido se designé como extracto pro-
teinico de filtrado de cultivo (CFPE). El contenido de
proteinadelos CFPEse determiné pormediodel método
de Bradford,* laconcentraciénseajust6a35.0ng/ mlyse
almacené a-70°Chasta suempleo.

*CarlsonFord1/1250 BK90Seitz K2.
**Millipore Corp., Bedford, Mass.
***Beckman rotor JS-13.1.
tSpectra/PorN°3787D-40.



ELISA technique

In the first analysis, a simple ELISA using only M.
bovis was carried out. The second analysis used a
comparative ELISA of both M. bovis and M. avium
CFPE. For sensitizing the wells* 5 ng of protein/100
mper well, were used, ina carbonate solution (0.1 M,
pH9.6). The wells were maintained at room tempe-
rature for 24 hours, the solution was discarded and
the wells were then washed three times with 0.3%
PBS-Triton X-100, then three times with 0.1% PBS-
Tween-20. Then 100 of the blocking solution (2%
low-fat milk with 0.1% PBS-Tween) was placed in
the wells, then incubated for 1 h at 37°C and then
washed six timed with 0.1% PBS-Tween. Duplicate
sera wereused ata1:100 dilutionin blocking solution
and incubated for1hat37°C. The wells were washed
once more and 100 m of protein-G** in a 1:10 000
dilution in blocking solution, was added, and then
incubated for 1hat37°C. After another five washes,
100 m of revealer (10 ml citrate-phosphate buffered
solution, pH 4.5, 4ng of ortho-fenilendiamine and 4
m of H,O,) per well, were added. The reaction was
interrupted after 20 min to add 50 ni/well of stop
solution (H,SO,2M). The wells wereread ata492nm
wavelength, comparing them witha 650 nm referen-
ce filter.”

The antibody response toM. bovisCFPE was ana-
lyzed by establishing an average cut-off optical den-
sity (OD),,, value plus two standard deviations (SD)
(P <0.0005) in a group of 30 healthy animals, who
came from alow TBincidence area (Sonora, Mexico)
and who had undergone tuberculin, IFN-gand PCR
tests inblood and nasal swab samples, as well aspost
mortem and bacteriological analysis. All the tests
employed confirmed the absence of tuberculosis
and M. bovis infection. Furthermore, the same cut-
off value was established, calculating said value with
the results obtained from the test herd which was
also considered to be free of TB (data not shown).”
Serum from a bovine thathad lesions and was shown
to be positive for M. bovisboth through histopathol-
ogy and bacterial isolation, was used as the positive
control.

IFN-g test

Heparinized blood from 11 animals selected through
asimple ELISA was obtained. The blood was distribu-
ted in 1.5 ml aliquots under sterile conditions onto
microplates with 24 wells that had been stimulated
with 100 M of M. bovis PPD, 100 ml of M. avium PPD
(both containing 300 ng/ml of protein) and one con-
trolwell, withnoantigen. The microplates wereincu-
bated at37°Cfor24 hinahumidified atmosphereand

Técnica de ELISA

Enla primera exploracién serealiz6 un ELISA simpleen
la que s6lo se emple6 el CFPE de M. bovis. Enel segundo
muestreo se practicoé ELISA comparativo, empleando
CFPE de M.bovis yM.avium.Paralasensibilizacién delas
placas* se usaron 5 ng de proteina/100 m por pozo, en
solucién de carbonatos (0.1 M ) pH 9.6. Las placas se
mantuvieronatemperaturaambiente durante 24 horas,
se descart6 la solucién y posteriormente se lavaron tres
veces con PBS-Tritén X-100al 0.3% y tres veces con PBS-
Tween-20 al 0.1%. Se colocaron 100 ni de la solucion
bloqueadora (leche descremada al 2% en PBS- Tweenal
0.1%), las placas se incubaron durante una horaa37°Cy
se lavaron seis veces con PBS-Tween al 0.1%. Los sueros
se trabajaron por duplicado a una dilucién de 1:100 en
soluciénbloqueadoraeincubandounahoraa37°C.Nue-
vamente se lavaron las placas y se agregaron 100 n de
proteina-G**1:10000 ensolucién bloqueadora, incuban-
dounahoraa37°C. Después delavar nuevamente cinco
veces, se agregaron 100 M por pozo de solucion de reve-
lado (10 ml solucién amortiguadora de citratos-fosfatos
pH 4.5, 4 ng de orto-fenilendiamina y 4 nide H,0,). La
reaccién se interrumpio6 a los 20 min adicionando 50 ni/
pozo de solucion de paro (H, SO, 2M). Las placas se
leyeronaunalongitud de onda de492 nm, comparando
con un filtro de referencia de 650 nm.*

La respuesta de anticuerpos a CFPE de M. bovis se
analiz6 estableciendo como valor de corte la densidad
6ptica (DO),,, promedio mas dos desviaciones estandar
(DS) (P < 0.0005) de un grupo de 30 animales sanos,
provenientes deunazonadebajaincidenciadeTB (Sono-
ra, México), alos cuales selesrealizé pruebas de tubercu-
lina, IFN-g reacciénencadenadelapolimerasa (PCR)en
muestrasdesangreyexudadonasal, asicomoinspeccién
post mortem y andlisis bacteriolégico. Todas las pruebas
empleadas confirmaron la ausencia de tuberculosis o
infeccién de M. bovis. Asimismo, se establecié el mismo
criterio de valor de corte, pero calculando dicho punto
con los resultados del hato problema considerado tam-
bién libre de TB (datos no mostrados).” Como testigo
positivo se utilizé suero de un bovino que presentaba
lesionesy enel quesedemostré mediantehistopatologia
y aislamiento bacteriol6gico la presencia de M. bovis.

Prueba de IFN-g

Se obtuvo sangre heparinizada de once animales selec-
cionados por ELISA simple. La sangre se distribuy6 en
condiciones de esterilidad en placas de 24 pozos arazén

*Nunc-Immuno Plate MaxiSorp.
**Sigma, P-8170, recombinant protein conjugated with peroxidase.
***Miniblotter 45 Immunetics, Cambrige, MA. USA.
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5% CO,.* Following this, plasma was harvested and
stored at-70°C before assay. Plasmaassays were done
in duplicate to determine levels of IFN-g using a
commercial package.* The test was carried out and
interpreted following the manufacturer’s instructio-
ns. 100m/well of 1:2 diluted plasma was added to the
microplates sensitized to the bovine anti-IFN-ganti-
body and incubated at room temperature for 60 min.
The results of the diagnosis were calculated conside-
ring the average DO, of the samples incubated
withoutantigen, withbovineand avian PPD foreach
animal. Plasmaincubated with bovine PPD was com-
pared against the negative IFN-gcontrol. The results
of the samples stimulated with bovine PPD were
compared against those stimulated with avian PPD.

Spoligotyping method

The nasal exudate samples were obtained using a
sterile swab and kept at -70°C prior to evaluation.
DNA wasextracted from eachnasal exudate sample
using the VanSoolingen method.” The positive con-
trols were M. tuberculosis H37Rv and M. bovis AN5
DNA, the negative control wasM. avium DN4 DNA
and Milli-Q water. The Kamerbeeket al.” spoligoty-
ping methodology was followed. The oligonucleoti-
desprimerswere:DRa5 - GGTTTTGGGTCTGAC
GAC-3" marked withbiotinand DRb5" - CCG AGA
GGG GAC GGA AAC - 3. The reaction was conti-
nued until a final volume of 50m, with the following
concentrations: DNTP 10 mM, 1.5 mM MgZCL 20pM
of each of the initiators, 0.625 U Taq polymerase**
and 100 ng of DNA of each of the problem samples,
were obtained. A 30 cycle amplification was carried
out under the following conditions: 1 min at 96°C, 1
min at55°C and 1 min at 72°C. For the hybridization,
each of theamplification products (20 M) was mixed
with 150 ni of 2X SSPE buffer (NaCl 3M, NaH,PO,
0.2M, EDTA 0.02M [pH 7.4]) supplemented with
0.1% sodium dodecyl sulfate (SDS). To denature, the
mixture was heated for 10 min at 100°C and imme-
diately cooled in ice. The nylon membranes with
their different spacers (donated by D. van Soolin-
gen)® were washed with 250 ml of SSPE-0.1% SDS
for 5 min at 60°C and placed in a miniblotter cham-
ber.***For hybridization, the amplification products
were added to the slotsand incubated at 60°Cfor1h.
Following this, the nylon membrane was placed ina
hybridization tube, washed with 250 ml of SSPE-
0.5% SDS for 10 min at 60°C and incubated in the
presence of streptoavidin-peroxidase* conjugate in
a 1:4 000 dilution, in SSPE-0.6% SDS for 45 min at
42°C and was then rinsed at room temperature.
Chemoluminescence was used as a revealer, and
thus 20 ml of the detection reagent (ECL)** was
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de 1.5 ml de sangre por pozo, estimulados con 100 ni de
PPD de M. bovis, 100 mi de PPD de M. avium (ambos PPD
a 300 ng/ml de proteina) y un pozo sin antigeno como
testigo. Las placas se incubaron 24 horas a 37°C en una
atmosfera himeda al 5% de CO,.** Posteriormente se
coseché el plasmay se conservé a-70°Chastasuevalua-
cién. Los plasmas obtenidos fueron ensayados por dupli-
cado para determinar el nivel de IFN-g mediante un
paquete comercial.* La prueba se realizé e interpretd
conformealasdisposiciones del fabricante. Seagregaron
100 m/pozo de los plasmas diluidos 1:2, en las placas
sensibilizadas con el anticuerpo anti-IFN-gbovino y se
incubé a temperatura ambiente por 60 min. Los resulta-
dos del diagnéstico se calcularon considerando los pro-
mediosde DO  delasmuestrasincubadassinantigeno,
con PPD bovino y con PPD aviar de cada animal. Los
plasmas incubados con PPD bovino se compararon con-
tra el testigo de IFN-gnegativo dela prueba. Los resulta-
dos de las muestras estimuladas con PPD bovino se
compararonconlas estimuladas con PPD aviar.

Método de spoligotyping

Lasmuestras deexudadonasal se obtuvieron pormedio
de un hisopo estéril y se mantuvieron a -70°C hasta su
evaluacion. Decadamuestradeexudadonasal seextrajo
el ADN porelmétodo de Van Soolingen.” Como testigos
positivos se emple6 ADN de M. tuberculosis H37Rv y M.
bovis AN5, y como testigonegativo ADN deM. aviumDN4
y agua Milli-Q. Para el analisis porspoligotyping sesiguié
esencialmente el método descrito por Kamerbeek et al."”
Losiniciadores paralareacciénencadenadelapolimerasa
(PCR)fueron:DRa5'-GGTTITGGGTCTGACGAC-3’
marcado con biotina y el DRb 5’-CCG AGA GGG GAC
GGA AAC-3'.Lareaccioénsellev6 a cabo enun volumen
final de 50nalassiguientes concentraciones de: DNTP10
mM, 1.5 mM Mg, Cl,20pM decadaunodelosiniciadores,
0.625 U Taq polimerasa** y 100 ng de ADN de cada
muestra problema. Se amplificé por 30 ciclos bajo las
siguientes condiciones: 1mina96°C,1mina55°Cy1min
a72°C. Parala hibridacién, cada producto de amplifica-
cién (20 nk) se mezcl6 con 150 M de amortiguador 2X de
SSPE (NaCl3M,NaH, PO, 0.2M,EDTA0.02MpH7 4)en
0.1% dodecilsulfatodesodio (SDS) y paradesnaturalizar,
la mezcla se calenté por 10 min a 100°C y se enfrié
inmediatamente enhielo. Lasmembranas denailoncon
los distintos espaciadores (donados por D. van
Soolingen)* selavaron con250 ml de SSPEen0.1% SDS
durante 5 min a 60°C, y se colocaron en una cAmara
minibloter.*** Para la hibridizacién, los productos de
amplificaciénseariadieronaloscarrilesy seincub6a60°C

*BOVIGAM, Bovine Gamma Interferon Test CSL Veterinary.
** Perkin- Elmer.
*** Miniblotter 45 Immunetics, Cambridge, MA. USA.



added, and thenincubated for 1 minatroom tempe-
rature. Finally, the membrane was covered with
transparent plastic and exposed to radiographic***
film for 5 min in a darkroom .2

Histopathology

The animals used in the study originated from a
private herd that was considered to be negative by
the CANETB, making it impossible, therefore, to
obtainslaughterhouseresults fromall of them. Howe-
ver, those animals thatresulted to be positive through
ELISA or spoligotyping studies, but negative to IFN-
ganalysis (Group 1), underwent complete post mor-
tem inspection to confirm the utility of the different
tests. Lymphnodes (parotid, retropharyngeal, man-
dibular, traqueobronchial and mediastinal), lung and
intestinal samples were obtained given the increa-
sed probability of locating in these the granuloma-
tous lesions suggestive of tuberculosis.” The tissue
samples were processed and examined carefully
under the microscope.®?

Results

In the first analysis of 277 animals, evaluated using
only a simple ELISA withM. bovisCFPE, 11 animals
were detected to have high levels of antibodies.
Eight of these has OD values above the cut-off point
(OD,,,0.300), the other three were close to this value
(Figure1).

The three types of diagnostic tests employed (com-
parative ELISA, IFN-gand spoligotyping) produced
a heterogeneous response in the animals selected.
The results were defined into three main groups
based on the patterns obtained (Table 1). In three
animals (B141, B162 and B269) there was anegative
response to the intradermal tuberculin test and to
IFN-g. The titers against M. bovis CFPE were above
the 0.300 OD,,, and M. bovis DNA was obtained
fromnasal exudates using spoligotyping. This type
of response defined Group 1. On post mortem in-
spectionand histopathology of the animals in Group
1, no lesions indicative of TB were found.

In Group 2, animals 264, B324 and 1056 were
found to be positive in all three tests. While in Group
3, animal B277, B326 and 371 showed positivity to
ELISA and IFN-g but were negative to spoligotyp-
ing. In only one of them were high levels of antibod-
ies found (B326).

Twoanimalshad highlevelsof antibodiesagainst M.
avium. One of them (2013) was also positive to IFN-gand
B264 was negative to all the tests carried out in the
second analysis (Table1).

durante unahora. Posteriormente, lamembrana denailon
se coloco en un tubo de hibridizacién, se lavé con 250 ml
deSSPE en 0.5 % SDS durante 10 min a 60°C, y se incub6
enpresenciadelconjugadodestreptoavidina/ peroxidasa*
auna dilucién 1:4000, en SSPE /0.6 % de SDS durante 45
mina42°C; después delaincubacién selavé a tempera-
turaambiente. Pararevelar seus6é quimioluminiscencia,
para lo cual se afiadieron 20 ml de reactivo de deteccién
(ECL),** y se incub6 1 min a temperatura ambiente. Por
altimo, lamembrana se cubrié con plastico transparente
y fue expuesta a pelicula de rayos X*** durante 5min en
cuarto oscuro.

Estudio histopatoldgico

Los animales utilizados en el estudio provenian de un
hatocomercial, consideradonegativoporla CANETB, lo
que impidi6 dar seguimiento a rastro a todos ellos. Sin
embargo,losanimales positivosen ELISA y spoligotyping,
pero negativos al analisis de IFN-g (grupo 1), fueron
sometidos a unainspecciénpost mortemparaconfirmarla
utilidad delas pruebas. Seseleccionaronnéduloslinfaticos
(parotideos, retrofaringeos, mandibulares, traqueobron-
quiales y mediastinicos) y muestras de tejido de pulmo-
nes e intestino, por la probabilidad de encontrar en ellos
lesiones granulomatosas, sugestivas a tuberculosis.*’ Los
tejidos fueron procesados y se revisaron mediante un
minucioso andlisis histopatologico.®%

Resultados

En el primer sondeo de los 277 animales valorados por
ELISA simple, con CFPE de M. bovis, seencontrarononce
animales con titulos altos de anticuerpos. Ocho de ellos
con valores de DO por encima del punto de corte (0.300
DO, ), y tres cercanos a este valor de corte (Figura 1).

Conlastrespruebasdediagnésticoempleadas (ELISA
comparativo, IEN-gy spoligotyping)el patronderespuesta
fueheterogéneoenlosanimalesseleccionados. Losresul-
tados fueron definidos en tres principales grupos de
acuerdo con los patrones obtenidos (Cuadro 1). En tres
animales (B141, B162y B269)seobservé unanegatividad
alapruebaintradérmicayaladelIFN-g Lostituloshacia
el CFPE de M. bovis fueron superioresa 0.300 DO, y se
pudorevelarla presenciade ADN de M. bovisa partir del
exudado nasal por spoligotyping;estemodeloderespues-
ta defini6 al grupo 1. A la inspeccion post mortem y en el
andlisishistopatolégicodelosanimales del grupo1,nose
encontraron lesiones indicativas de TB.

* Boehringer.
** Amersham Pharmacia Biotech. UK.
*** Eastman Kodak Company, Rochester, NY N° 603 1876.
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The DNA identified in the six individuals found to
be positive through spoligotyping (Table 1: Groups 1
and 2) corresponded to M. bovis, given that we ob-
tained similar patterns lacking the 39 and 43 spacer
regions (Figure 2). Though differences were seeninall
the patterns, they were grouped in two genetically
different families, as evidenced by the SPSS statistical
program for Windows 8.0.

Discussion

The diagnosis of TB, obtained through interdermal
tuberculin testing and bacterial isolationisnotcomple-
tely efficientin the control and eradication of the illness
in cattle.® It is thus necessary to employ different
complementary tests both during an eradication cam-
paignand when undertaking epidemiological studies
in areas where TB is endemic.

The present study selected animals with high
antibody titers against M. bovis CFPE identified
throughasimple ELISA, fromabovine herd consid-
ered to be TB-free by international standards.* Fol-
lowing this, a comparative ELISA determined the
level of antibodies against M. bovis and M. avium

Enel grupo2,los animales 264, B324 y 1056 fueron
positivosenlastres pruebas. Enel grupo3,losanimales
B277,B326y 371 mostraron ser positivos para ELISA e
IFN-g pero negativos por spoligotyping. S6lo uno de
ellos tuvo titulos altos de anticuerpos (B326).

Dosanimalesmostraronaltostitulos deanticuerpos
preferentemente hacia M. avium. Uno de ellos (2013)
fue también positivo a IFN-g el B264 fue negativo en
todas las demas pruebas efectuadas en el segundo
sondeo (Cuadro1).

El ADN identificado en los seis bovinos positivos por
spoligotyping (Cuadro 1: grupos 1y 2) correspondié aM.
bovis, ya que se obtuvieron patrones caracteristicos que
muestranlaausenciadelasregionesespaciadoras39al43
(Figura2). Aunqueseobservarondiferenciasentodoslos
patrones, seagruparonsolamente en dosfamilias genéti-
cas diferentes, de acuerdo con el analisis realizado por el
programa estadistico SPSSpara Windows 8.0.

Discusion
El diagnéstico de la TB, obtenido por la prueba

intradérmica y el aislamiento bacteriol6gico no es com-
pletamente eficiente para el control y erradicacién de la

Cuadro1
RESULTADOSDELASPRUEBASDEDIAGNOSTICOCOMPLEMENTARIASA LA TUBERCULINA APLICADASA LOSANIMALES
SELECCIONADOSPOR ELISA SIMPLE (CFPEM. bovis)
RESULTSOF THECOMPLEMENTARY DIAGNOSTICTESTS APPLIED ON ANIMALSSELECTED USING A SIMPLEELISA ( M. bovis CFPE)

ComparativeELISA
Groups Num. M. bovis* M. avium Spoligotyping IFN-g**
1 B141 0.502 + 0.146 +
B162 0460 + 0.19 + -
B260 0.386 + 032 + -
2 264 0403 + 0.14 + +
B324 0.356 + 0.351 + +
1056 0.367 + 0.277 + +
3 B277 0.298 + 0.239 - +
B326 0.525 + 0439 +
371 0371 + 0373 - +
***2013 0.29 0523 + - +
*** B264 0.188 - 0544 + - -

(SD) obtained in30 healthy animals.

*** Preferentially reactive toM. aviumCFPE.

*The antibody response toM. bovisand M. avium CFPE was established usinganaverage optical density (OD)492 plus twostandard deviations

** Animals stimulated with bovine PPD thathad values higher than 0.083 D450 were considered positive toIFN-g
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CFPEinanimalsinitially identified viasimple ELISA.
The antigens employed in this study for the ELISA
tests were M. bovis and M. avium CFPEs commonly
used during TB diagnosis.**Itisimportant to men-
tion that the animals used in this study had been
negative to the tuberculin test at the start of the
experiment; however, the herd is located in a TB
high incidence region and it is unknown whether
thereis sufficiently strict control of cattle movement
to avoid infection from an external source.

Three animals (Group 1) wereidentified asnegative
by tuberculin intradermal and IFN-g but had high
levels of antibodies against M. bovis CFPE. Previously
it has been seen that occasionally animals with high
titers against bovine PPD can present lesions that are
compatible with tuberculosis.*

On comparison of Groups 1 and 2, an active cellular
immune response (CIM) is seen in the latter, which is
confirmedbyIFN-g Therefore, itis thought thatanimals

enfermedad en los bovinos.*® Por ello es necesario el
empleodepruebascomplementarias durantelasactivida-
des propias de una campafia, asi como para realizar estu-
dios epidemiolégicos en paises donde la TB es endémica.

En el presente trabajo se seleccionaron animales con
altos titulos de anticuerpos contra el CFPE de M. bovis,
identificados por ELISA simple, en una explotaciéon de
bovinos lecheros considerada libre de TB bajo los crite-
rios internacionales.’! Posteriormente, mediante ELISA
comparativase determiné el nivel deanticuerpos contra
proteinas de CFPE de M. bovis y M. aviumenlosanimales
inicialmenteidentificados por ELISA simple. Los antige-
nosempleados en este estudio parala pruebade ELISA
fueronlas preparaciones de CFPE de M. bovisy M.avium,
que han sido comtinmente empleados en el diagnéstico
de TB.***Esimportante mencionar que todoslosanima-
les empleados en este trabajo eran negativos a tubercu-
lina alinicio del experimento. Sinembargo, el establo se
encuentraenunaregiéndealtaincidenciadeTB,ynose

Level of antibodies against M. Bovis CEPE.

492 nn (200

Figura 1. Respuesta de anticuerpos
obtenidamediante ELISA simplecon
CFPE de M. bovis, del primer mues-
treoexploratoriode277animales.El
valordecorteseobtuvodeungrupo
de animales sanos, considerando el
e i romediodelasdensidades 6pticas
8300 OD 1(0130)492 DS, P

Antibody response obtained usinga
simple ELISA with M. bovis CFPE
during thefirstsampling of 277 ani-
mals. The cut-off value was obtai-
ned fromagroup of healthy animals
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Figura 2. Patrény dendograma despoligotyping obtenidos de exudado nasal proveniente de seis bovinos, seleccionados a partir de una ELISA
comparativa, considerando el valor decorte (0.300 DO, ). Los testigos positivos fueronM. bovis AN5, M. tuberculosisH37Rv; y los negativosM.
avium DN4 y control de agua.

Dendrogram and pattern obtained through spoligotyping for nasal exudates from six cows, selected based upon a comparative ELISA test,
consideringa cut-off value of 0.300 0D, . The positive controls were ANSM. bovisand H37 RvM. tuberculosis; the negative controls were DN4
M. avium and water.
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in both groups carry mycobacteria, but only those in
Group 2 are in a stage prior to anergy, given that they
still present an active CIM (positive IFN-g). The evolu-
tion of M. bovisinfectionin animals depends on various
factors: agent exposure time or contact-time with shed-
ders, size of the particles that contain the viable myco-
bacterium and number of bacteria inhaled or infective
dose.* In clinical practice, the loss of the delayed-type
hypersensitivity response (DTH) to mycobacterial anti-
gensindicated deficient T cell function, asituation which
iscalledanergy (Group1).Ithasbeenproposed thatthe
CIM and DTH are independent responses; the CIM
(protective immunity) is directed primarily by cytok-
ines, while DTHisso by chemokines.* Based on this, we
propose thatin animals that were negative to the intra-
dermal tuberculin test but positive to IFN-g both re-
sponses manifested independently.

Theuse of spoligotyping permitted us toidentify six
animals as potential M. bovis carriers, which were
considered positive by ELISA and were included in
Groups 1 and 2. Using molecular methods it has been
demonstrated that 30% of tuberculous cows shed the
disease through the respiratory tract.*

Inorder to eliminate the possibility of dissemina-
ted tuberculosis in those animals without a CIM
response, identified by ELISA and spoligotyping
(Group1), all the cattle in this group were examined
post mortem, but no visible or microscopic lesions
suggestive of TB were found. In the past, naturally-
infected cows have been denominated nonvisible-
lesion reactors.” Nevertheless, the presence of bac-
teria in the upper respiratory tract, without
concurrent positive intradermal reaction or lesions,
has been described both in cattle with an active CIM
and in those without.®

Animals from Group 3 did nothave M. bovis DNA in
their nasal swabs, but presented botha CIM as well as
humoral activity against this bacterium. To date very
little is known about bovine resistance to tuberculo-
sis,” and there is the possibility that some animals that
have been in contact with the mycobacterium could
develop protectiveimmunity and resistinfection. This
might be the case in animals from Group 3 who all
come from a herd which is practically TB-free, where
exposure to the bacillus is unlikely and where the
infective dose is low.

On the other hand, two of the 11 cows initially
identified by simple ELISA had antibodies that were
preferentially directed againstM. avium CFPE anti-
gens. This suggests a problem of mycobacteriosis,
caused by atypical mycobacteria,*” accompanied by
crossed reactivity. This reactivity is due to the fact
that the bacteria in theM. tuberculosiscomplex share
antigens with this type of mycobacterium, which is
common in the environment.
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sabe si existe un control de movimiento de ganado
suficientemente estricto para evitar la posible infeccién
del hato por una fuente externa.

Tresanimales (grupo1) fueronnegativosalas prue-
bas de tuberculina e IFN-gpero presentaron altos titu-
los de anticuerpos hacia el CFPE deM. bovis. Al respec-
to, se ha observado que en ocasiones animales con
titulos elevados contra PPD bovino pueden presentar
lesiones compatibles a tuberculosis.*

Al comparar el grupo 1 con el 2 se observé una
respuesta inmune celular (IMC) activa en este tltimo,
confirmada por el IFN-g Por tanto, se considera que los
animales de ambos grupos son portadores de la mico-
bacteria, perolos animales del grupo 2 seencuentranen
una etapa posiblemente previa al estado de anergia, ya
que todavia presentan IMC activa (IFN-gpositiva). La
evolucién de la infeccion por M. bovis en animales de-
pende devariosfactores: Tiempo de exposiciénal agen-
te o el contacto con animales excretores, tamano de
particula que contiene micobacterias viables y nimero
de bacterias inhaladas o dosis infectiva.* En la practica
clinica,lapérdida delarespuestadelahipersensibilidad
tardia (HT) a antigenos micobacterianos es indicio de
una funcién deficiente de células T, situacion conocida
comoanergia (grupol). SehaplanteadoquelaIMCyla
HT sondosrespuestasindependientes;laIMC (inmuni-
dad protectora) esta dirigida principalmente por citoci-
nas, mientras que laHT porlas quimiocinas.*® Conbase
enlo anterior, se sugiere que enlos animales que fueron
negativos a la prueba intradérmica, pero positivos a
IFN-g las dos respuestas se manifiestan de manera
independiente.

El emple6 de spoligotyping permiti6é definir como
posibles portadores de M. bovis a seis animales, consi-
derados como positivos por ELISA, incluidos en los
grupos 1y 2. Mediante métodos moleculares se ha
llegadoademostrar que30% de vacastuberculosasson
fuente diseminadora de la enfermedad a través del
tracto respiratorio.*

Conlaintencién dedescartar el estado de tuberculosis
diseminadaenlosanimalessinrespuestaIMC,identifica-
dos por ELISA yspoligotyping (grupol), todoslosbovinos
de este grupo fueron examinados post mortem, peronose
encontraronlesiones visibles o microscépicas sugestivas
aTB. Existen antecedentes de bovinos infectados natural-
mente que han sido denominados reactores pero sin
lesiones visibles.*” No obstante, la presencia dela bacteria
enel tracto respiratorio superior, sinreaccién ala prueba
intradérmica y sin lesiones, ha sido descrita tanto en
bovinos con unarespuesta IMC activa como enaquellos
carentes de ella.?®

Los animales del grupo 3 no registraban ADN de M.
bovis en exudado nasal, pero presentaban tanto IMC
como una respuesta humoral activa en contra de esta
bacteria. Hastaelmomentoseconocemuy pocoacercade



4’;

ELISA hasbeenshown to be one of the most specif-
icdiagnostic tests for TB, even when using an antigen
such as bovine PPD.* This study initially used M.
bovis CFPE, which is more sensitive that the PPD,
possibly because of a greater number of antigens. The
specificity of the humoralimmune response towards
M. boviswas confirmed using its response againstM.
avium antigens. The CFPE used for the ELISA, pre-
pared from M. bovis and M. avium, have been com-
monly used to measure the humoral immune re-
sponsein TB.* The main advantage of ELISA is that it
identifies infected animals that are non-reactive to
the intradermal tuberculin test and to IFN-g Howev-
er, due to its low sensitivity (60% * 10) it does not
identify all the infected animals, and, as such, is not
recommended as a sole test for TB diagnosis.

The IFN-gtest is a well-established method for TB
diagnosis and has been used in parallel with the intra-
dermal tuberculin test, where sensitivity rises of to
95.2%.2* The IFN-g test has been shown to identify
naturally infected animals given that these have a
negativeintradermal tuberculin testresult.* This diag-
nostic tool has greater sensitivity and specificity than
theintradermal tuberculin testand shows greater cor-
relation with the pathology; however, one of its incon-
veniences is that it does not detect anergic animals, a
problemitshares with the intradermal tuberculin test.

Comparing different diagnostic methods for TB,
especially molecular techniques against bacteriologi-
cal tests, is difficult, in part because the number and
viability of the mycobacteriarequired by each process
is different. Initially, spoligoty ping was developed to
differentiate the mycobacteria complexisolates. How-
ever, this technique can be done onpost mortem (paraf-
fin embedded tissues and cultures),"” and ante mortem
(nasal exudates, milk and blood).

Some authors have proposed the use of ELISA in
high prevalenceregions, in order to carry outanepide-
miological sweep and simultaneously identify those
animals with disseminated tuberculosis.* ELISAisable
to differentiate antibodies against M. bovis and the M.
avium complex (mycobacteriosis), and, as such, could
also be used inlow prevalence regions for the identifi-
cation of M. bovis carriers.

Theresults obtained in the present study show that
spoligotyping can be used as a complementary diag-
nostic testalong with ELISA, inlow prevalenceregions
and herds during the process of eradication, in order to
identify those animals that are M. bovis carriers but
who were negative to the intradermal tuberculin test.
Furthermore, spoligotyping has been shown to be
sensitive and specific, as well as allowing diagnosis
confirmation in just a few days.

Comparing molecular methods withroutine diag-
nostic tests, such as bacterial isolation, is difficult

la resistencia a la tuberculosis en bovinos,® y existe la
posibilidad dequealgunosanimalesquehayanestadoen
contactoconlamicobacteria desarrollen unainmunidad
protectoray resistanlainfeccién. Tal podriaserelcaso de
estosanimales (grupo 3), provenientes de unhato préacti-
camente libre de TB donde la exposicién al bacilo es poco
probable y la dosis de infeccién es baja.

Por otrolado, dos de los once bovinos identificados
inicialmente por ELISA simple poseian anticuerpos
dirigidos preferentemente contra antigenos del CFPE
de M. avium. Lo anterior sugiere un problema de mico-
bacteriosis, ocasionado por micobacterias atipicas,*
acompafiado deunareactividad cruzada. Estareactivi-
dad se debe a quelas bacterias del complejoM. tubercu-
losis comparten antigenos con este tipo de micobacte-
ria, comtinmente presente en el ambiente.

El ELISA ha demostrado ser una de las pruebas mas
especificas para el diagnéstico dela TB, aun empleando
un antigeno como el PPD bovino.** En este trabajo se
empledinicialmente para esta prueba el CFPE deM. bovis,
el cual tiene una mayor sensibilidad que el PPD, posible-
mente debido a la mayor cantidad de antigenos. La
especificidad de la respuesta inmune humoral de los
animales hacia M. bovis se confirmé comparando su
respuesta hacia antigenos deM. avium. Los CFPEemplea-
dos para ELISA, preparados a partir de M. bovis y de M.
avium, han sido comtnmente utilizados para medir la
inmunidad humoral de la TB.*? La principal ventaja del
ELISA esqueidentificaanimalesinfectadosnoreactores
a la tuberculina e IFN-g. Sin embargo, debido a su baja
sensibilidad (60% +10) noidentifica a todoslos animales
infectados, porlo cual noserecomienda suempleo como
prueba tnica para el diagnéstico dela TB.

LapruebadelFN-gesunmétodobienestablecidopara
el diagnéstico de TB, y se ha visto que si se emplea
conjuntamente con la prueba de tuberculina se incre-
menta la sensibilidad hasta 95.2% . La prueba de IFN-g
ha demostrado identificar animales infectados natural-
mente ya que presentan una prueba intradérmica nega-
tiva.® Esta herramienta de diagnoéstico presenta mayor
sensibilidad y especificidad quela pruebade tuberculina,
y correlaciona mejor con la patologia; sin embargo, uno
de los inconvenientes es que no detecta a animales anér-
gicos, como tampoco la prueba de tuberculina.

La comparacién de los diversos métodos de diag-
noésticodelaTB, enespecial delas técnicas moleculares
conlosaislamientos bacteriolégicos, resulta dificil; en-
tre otros motivos porque el ntimeroy la viabilidad de
las micobacterias requeridas en cada proceso es dife-
rente. Inicialmente la prueba despoligotyping se desa-
rroll6 como método de tipificacion de cultivo de mico-
bacterias. Sinembargo, se sabe que estametodologiaes
realizable en muestras obtenidas post mortem (tejido
embebido en parafina y cultivo),"” y ante mortem (exu-
dado nasal, leche y sangre).
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given thatthe number and viability of the mycobacte-
riarequired in these tests are different. Spoligotyping
was able to show the presence of M. bovis DNA in
nasal exudate samples, making bacterial isolation un-
necessary. Itis important to point out that the genetic
analysisfound during spoligotyping showed two dif-
ferent groups, thus suggesting two sources of infec-
tion in the herd.

The tools employed in this study aid in the location
of animals thatcannot be detected by traditional meth-
ods, especially in farms where the infection is appar-
ently controlled. The utility of all three methods is
demonstrated here, showing that they are all efficient
atfinding antibodies againstM. bovis, detecting IFN-g
and identifying M. bovis DNA in animals that have
tested negativein theintradermal tuberculin test. These
tools will help us reach true eradication in a shorter
time period, given that it will be possible to avoid the
appearance of reactors in TB-free herds (recurrence)
employing programmed follow-up.

Future studies must corroborate the diagnostic as-
sociation using spoligotyping and ELISA in TB-free
herds, thus determining their utility in identifying
animals that are carriers for M. bovis.
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