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Abstract

Excretion of M. bovis through aerosols and their inhalation is considered the main route of transmission and infection in cattle.
The traditional methods used for monitoring the elimination of the microorganism by the nasal route are the bacteriological
culture and the radiometric method. Recently developed molecular biology methods have favored the fast and reliable diagnosis
of mycobacteria in the field. In the present work, the M-PCR technique was used to determine the time at which M. bovis’ DNA
could be detected from the nasal mucus of 14 experimentally-infected goats. Samples were taken from the nasal cavity at dif-
ferent time intervals after the challenge, and bacteriological culture and DNA amplification by M-PCR were carried out. Sixty
days after challenge, the M-PCR techniques detected six out of 14 animals as positive and at day 90, these same six animals plus
four more were detected as positive. No sample was positive to the bacteriological culture. It is known that the bacteriological
isolation of mycobacteria is difficult and that the reduced number of viable bacteria in each sample influences the result of the
diagnosis. In this work, the advantage of using the M-PCR technique in order to obtain positive results in just a short time was
demonstrated, which favors a quick and timely identification of the animals that represent a risk of infection in the herd and that
could represent reservoirs of the disease.
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Resumen

La excrecion de M. bovis a través de aerosoles y la inhalacion de éstos es la principal ruta de transmision de la infeccién en el
ganado bovino. Los métodos tradicionales empleados para la vigilancia de la eliminacién del microorganismo por la via nasal
son el cultivo bacteriolégico y el método radiométrico. Los métodos de biologia molecular desarrollados recientemente han
favorecido el diagndstico rapido y confiable de las micobacterias. En el presente trabajo se utiliz6 la técnica de PCR-M a partir de
ADN obtenido del moco nasal de 14 cabras infectadas experimentalmente, para establecer el tiempo en que puede detectarse
el material genético de M. bovis en el moco nasal. Se tomaron muestras de moco nasal a diferentes intervalos posteriores al
desafio y se realizé el cultivo bacteriolégico y amplificacion de ADN por PCR-M. Al dia 60 posdesafio, la técnica de PCR-M detectd
seis animales de los 14 positivos y al dia 90, estos animales y cuatro mas resultaron positivos. Ninguna muestra resulté positiva
al cultivo bacteriolégico. Se sabe que el aislamiento bacteriolégico de micobacterias es dificil y que el nimero reducido de
bacterias viables en cada muestra influye en el resultado del diagndstico. En el presente trabajo se demostré la ventaja de utilizar
latécnica de PCR-M para obtener resultados positivos en menor tiempo, lo cual es favorable para identificar pronto a los animales
que representan un riesgo de contagio en el hato y que son reservorios de la enfermedad.
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Introduction

he excretion of M. bovis is considered to take

place through aerosols and the main transmis-

sion route is the inhalation of these from ani-
mals that are eliminating the bacillus through the
nasal mucus.? Therefore, it is convenient to observe
the elimination of the microorganism through this
pathway in order to understand the pathogenesis and
epidemiology of the disease. Some of the currently
used methods are the traditional bacteriological cul-
ture as well as the culture of the mycobacterium, using
the BACTEC 460 radiometric method,” followed by
Ziehl-Neelsen stains of the obtained cultures. These
methods take several weeks to carry out and their sen-
sitivity is low.

In molecular biology several new techniques have
been developed allowing the detection of a micro-
organism’s genes; therefore, they are very sensitive,
specific and permit results in a short time.*” Precise
detection of the etiological agent allows the tracking
and follow up of the strains of the pathogen within
a population.*®"* The molecular technique that has
been used for diagnosing tuberculosis is the poly-
merase chain reaction (PCR), in which the primers
that have been described were developed from the
nucleotide sequences IS6110, IS1081 and 16S rDNA,
that are only present in the species that are part of the
tuberculosis complex: M. tuberculosis, M. bovis, M. afri-
canum, M. microti; making them very specific.®!*!*"
The application of this technique on bovine tubercu-
losis will be very valuable as it will permit a better
understanding of the transmission dynamics of the
bacillus, as well as the identification of outbreaks and
their relationship with common infection foci, and
the differentiation between vaccine, saprophyte or vir-
ulent strains.”'” Talbot et al.’ designed a Multiplex
PCR (PCR-M) from the RDI sequence of the micro-
organism genome, that has the ability to differentiate
between the BCG M. bovis and the virulent M. bovis
and M. tuberculosis strains.

The objective of this study was to determine,
through PCR-M, the time at which it is possible to
detect the DNA of M. bovis from nasal mucus of exper-
imentally inoculated animals.

Material and methods

Nasal mucus samples from 20 goats, 150 days old
were used. These animals came from dams that
were negative to the double comparative tuberculin
test, and that had tested negative to the same test
before being challenged. A total of 14 animals were
inoculated with a dose of 5 x 102 units colony forming
(CFU) of pathogen M. bovis, preceding from the strain
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Introduccion

e considera que la excrecion de M. bovis a través

de aerosoles y la inhalacion de éstos es la prin-

cipal ruta de transmision de la infeccion de
los animales que estan eliminando el bacilo a través
del moco nasal."® Por tanto, es conveniente vigilar la
eliminacion del microorganismo por esta ruta, para
entender la patogénesis y la epidemiologia de la enfer-
medad. Algunos de los métodos empleados actual-
mente son el cultivo bacteriano tradicional y el cultivo
de la micobacteria, utilizando el método radiométrico
BACTEC 460,° seguido por tinciones de Ziehl-Neelsen
de los cultivos obtenidos. Estos métodos tardan varias
semanas y su sensibilidad es baja.

En el campo de la biologia molecular se han
desarrollado nuevas técnicas que permiten la
deteccion de los genes de un microorganismo; por
tanto, tienen la caracteristica de ser muy sensibles,
especificas y permiten obtener resultados en poco
tiempo.“’5 La deteccion precisa del agente etiolégico
permite el rastreo y el seguimiento de las cepas del
agente patoégeno en una poblzlcic')n.4’6'12 La técnica
molecular que se ha empleado en el diagnéstico de
la tuberculosis es la prueba de reacciéon en cadena
de la polimerasa (PCR), en la cual los iniciadores
que mas se han descrito son los disenados a partir
de las secuencias nucleotidicas 1S6110, IS1081 y 16S
rADN, ya que solo estan presentes en las especies
que integran al complejo tuberculosis: M. tuberculosis,
M. bovis, M. africanum, M. microti, lo que las hace
especfﬁcas.6’””13']7 La aplicacion de esta técnica en
el caso de la tuberculosis bovina serd muy valiosa,
pues permitira comprender mejor la dinamica de la
transmision del bacilo, identificaciéon de brotes y la
relacion de éstos con focos de infeccion comunes,
asi como la diferenciacién entre cepas vacunales,
saprofitas o virulentas.>!” Talbot et al.® disefaron una
PCR Multiplex (PCR-M) a partir de la secuencia
RDI del genoma micobacteriano, la cual tiene la
caracteristica de diferenciar entre la cepa M. bovis-
BCG vy las cepas de M. bovisy M. tuberculosis virulentas

El objetivo del presente estudio fue determinar
por medio de una PCR-M, el tiempo en que se puede
detectar el ADN de M. bovis, a partir de moco nasal
de animales inoculados experimentalmente.

Material y métodos

Se trabajaron muestras de moco nasal de 20 caprinos,
de 150 dias de edad; los animales provenian de
madres negativas a la prueba de tuberculina doble
comparativa y resultaron negativos a dicha prueba
previo al desafio. Catorce de los animales fueron
inoculados con una dosis de 5 x 102 unidades



library of the CENID- Microbiology. This strain had
been originally isolated from the mediastine lymph
node of a bovine with tuberculosis. The animals were
inoculated via the trachea with six of them remaining
as controls to which 2 mL of saline solution were
injected in the same manner. The mucus samples
were obtained twice with sterile swabs from both nasal
passages of each animal at a one-week interval before
the animals were inoculated and then at 8, 15, 30, 60
and 90 days after inoculation.

The samples were divided into two: one for
bacteriological culture and the other for DNA
extraction and M-PCR later on. The bacteriological
culture was carried out with the technique described
by Payeur et al.” They were grown in duplicate on
Stonebrink medium and incubated at 37°C for four
weeks. The DNA was extracted using the technique
described by Van-Soolingen et al.” DNA amplification
was carried out using the technique by Talbot et al.’
Each PCR reaction was carried out with 5 pL. of DNA
from each sample (20 ng/pL of DNA), 10 mM Tris-
HCI (pH 8.3), 50 mM KCl, 0.001% (p/v) gelatin, 2
mM MgClz, 200 pM of each dNTP* 5 pmol/pL of
the primers** ET1 (5" AAG CGG TTG CCG CCG
ACC GACC 3’) and ET3 (5 GAG GCG ATC TGG
CGG TTT GGGG 3’), and 25 pmol/pL of ET2 (5’
CTG GCT ATA TTC CTG GGC CCGG 3’) and 1.25
U of Taq polymerase®** in 50 pL final volume. The
samples were placed in the thermocyclert with the
following program: initial denaturing at 94°C for three
minutes, followed by 40 cycles of 94°C for 30 seconds,
65°C for one minute and 72°C for one minute, with a
final extension at 72°C for four minutes. As positive
controls we included the DNA of a Danish strain of
BCG M. bovis (ATCC 35734) and the ANb strain of M.
bovis (ATCC 35726). The amplification products were
visualized in agarose gels at 2% stained with ethidium
bromide.

Results

The control group was negative to the M-PCR test
at all the time points analyzed (Figure 1, lane 14).
Before the animals were inoculated, the results of the
two samplings were negative. After the challenge, the
bacteriological cultures of the nasal mucus were also
negative in all time points analyzed. Nevertheless, the
M-PCR carried out from the DNA obtained from the
nasal mucus sample at day 60 post-challenge, detected
the presence of M. bovis DNA in six animals (6/14,
43%) and by day 90, these six animals plus another
four were identified as positive (10/14, 71.43%).
In all cases a 150 bp DNA product was amplified,
which corresponded to the challenging M. bovis strain
(Figure 1, lanes 4 to 13).

formadoras de colonias (UFC) de M. bovis patogena,
procedente del cepario del CENID-Microbiologia,
la cual fue originalmente aislada de un linfonodo
mediastinico de un bovino tuberculoso. Los animales
se inocularon via intratraqueal y seis caprinos
quedaron como testigos, a éstos se les aplicaron 2
mL de solucién salina fisiolégica por la misma via.
Las muestras de moco se obtuvieron con hisopos
estériles de los dos pasajes nasales de cada animal dos
veces, con intervalo de una semana, antes de que los
animales se inocularan y después de la inoculacion, a
los 8, 15, 30, 60 y 90 dias.

Las muestras se dividieron en dos: una parte
para cultivo bacteriolégico y la otra para extraccion
de ADN, para posteriormente trabajar la PCR-M. El
cultivo bacteriolégico se realiz6 con la técnica descrita
por Payeur et al.’ Se sembraron por duplicado en
medio de Stonebrink y se incubaron a 37°C durante
cuatro semanas. El ADN se extrajo con la técnica
descrita por Van-Soolingen et al.” La amplificacién del
ADN se realizé utilizando la técnica de Talbot et al.’
Cada reaccion de PCR se desarroll6 con 5 pL. de ADN
de cada muestra (20 ng/pL de ADN), 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 0.001% (p/v) de gelatina,
2 mM de MgCle, 200 pM de cada desoxinucle6tido
trifosfato,* 5 pmol/pL de los iniciadores®** ET1 (5’
AAG CGG TTG CCG CCG ACC GACC 3’) y ET3
(5> GAG GCG ATC TGG CGG TTT GGGG 3) y
25 pmol/pL de ET2 (5 CTG GCT ATA TTC CTG
GGC CCGG 3’) y 1.25 U de Taq polimerasa™** en un
volumen final de 50 pL. Las muestras se trabajaron
en el termocicladort con el siguiente programa:
desnaturalizacion inicial a 94°C durante tres minutos,
seguido de 40 ciclos a 94°C por 30 segundos, 65°C por
un minuto y 72°C durante un minuto y una extension
final a 72°C por cuatro minutos. Se incluyeron como
testigos positivos el ADN de la cepa Danesa de M.
bovis BCG (ATCC 35734) y de la cepa AN5 de M.
bovis (ATCC 35726). Los productos de amplificacién
se visualizaron en geles de agarosa al 2%, tenidos con
bromuro de etidio.

Resultados

El grupo testigo fue negativo al PCR-M en todos los
tiempos analizados (Figura 1, carril 14). Antes de que
los animales se inocularan, los resultados de los dos
muestreos fueron negativos. Después del desafio, los
cultivos bacteriolégicos de las muestras de moco nasal
fueron negativos en todos los tiempos analizados.
Sin embargo, la PCR-M realizada a partir del ADN

*GIBCO BRL, S.A de C.V.

##ACCESOLAB, S.A de C.V.

##*BIOGENICA, S.A de C.V. (Biotecnologias Universitarias).
fPerkin Elmer Gene Amp PCR System 2400
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Discussion

The results obtained in this research study demonstrate
the presence of DNA from the challenging strain
within the nasal mucus from day 60 post-infection. Itis
known that bacteriological isolation of mycobacterium
is difficult and that a reduced number of viable
bacteria in each sample influence the result in the
diagnostic. Mcllroy et al.* state that in order to obtain
cultures positive to M. bovis from nasal mucus, a
minimum sample of 2 to 5 mL is required. This is
important because it confirms that the identification
of the bacillus through conventional techniques, such
as bacteriological culture, has low probability from
nasal mucus samples obtained with sterile swabs,
as the sample quantity that is recovered is low." It
is possible that in this study the number of viable
mycobacteria obtained with the swab was not enough
to achieve the bacteriological isolation. On the other
hand, we demonstrated the advantage of using the
M-PCR because it has a greater sensitivity (10/14,
71.43%) than the culture, because it has the capability
of identifying the DNA of the few mycobacteria
presentin the nasal mucus samples and allowed results
in a faster time than the established for a positive
bacteriological isolation, which is at least four weeks.
It is considered that the sensitivity of PCR for the
diagnostic of infectious diseases with DNA obtained
from biological samples (nasal mucus) tends to
decrease due to factors such as polymerase inhibitors
or the presence of DNA from the cellular detritus,"
along with the fact that the elimination of the
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obtenido de la muestra de moco nasal del dia 60
posdesafio detect6 presencia de ADN de M. bovis en
seis animales (6/14, 43%) y para el dia 90, estos seis
animales y cuatro mas resultaron positivos (10/14,
71.43%). En todos los casos se amplificé un producto
de ADN de 150 pb que correspondi6 a la cepa de M.
bovis de desafio (Figura 1, carriles 4 al 13).

Discusion

Los resultados obtenidos en este trabajo de
investigacion demuestran presencia de ADN de la
cepa de desafio en el moco nasal a partir del dia 60
posinfeccién. Se sabe que el aislamiento bacteriologico
de micobacterias es dificil y que un nimero reducido
de bacterias viables en cada muestra influye en el
resultado del diagnéstico. Mcllroy et al.® afirman que
para obtener cultivos positivos de M bovis a partir
de moco nasal se requieren como minimo 2 a 5
mL de la muestra, lo anterior es importante porque
confirma que la identificacién del bacilo por técnicas
convencionales, como el cultivo bacteriolégico, es
poco probable a partir de muestras de moco nasal
obtenidas con hisopos por la escasa cantidad de
muestra que se recupera.’” Es posible que en el
presente trabajo el nimero de micobacterias viables
obtenidas con el hisopo no fuese suficiente para
lograr el aislamiento bacteriolégico. Por otro lado,
se demostr6 la ventaja de utilizar la PCR-M porque
tiene una sensibilidad mayor (10/14, 71.43%) que el
cultivo, ya que tuvo la capacidad de identificar el ADN
de las pocas micobacterias presentes en las muestras
de moco nasal y permiti6 obtener resultados en un

Figura 1. PCR-Multiplex realizado a partir del ADN gen6mico
de los animales infectados al dia 90 posinfeccién. Carril
1) M. bovis (Cepa ANS). 2) M. bovis-BCG (Cepa danesa). 3)
Marcador 50 bp. Carriles: 4,5,6,7,8,9,10,11,12,13) animales
infectados con M. bovis. 14) Animal testigo.

Figure 1. Multiplex PCR test on genomic DNA of the animals
on day 90 post-infection. Lane 1) M. bovis (Strain ANS). 2)
M. bovis-BCG (Danish strain). 3) Molecular marker 50 bp.
Lane 4,5,6,7,8,9,10,11,12,13) animals infected with M. bovis.
14) control animal.



infectious agent is not constant.” This provides
evidence that these factors had an influence in the
negative result obtained in four of the inoculated
animals, even though they showed characteristic
lesions of tuberculosis that were found in the
pathological analysis (data not shown). The sensitivity
of the M-PCR is considered high, taking into
consideration the type of sample from which the DNA
was isolated from, because it allowed the identification
of 71.43% of the animals inoculated with M. bovis.

Several authors have studied the time at which
cattle start to eliminate the bacilli; results showed it
was between 80 and 100 days post-infection."**' The
use of goats as a ruminant experimental model to
carry out tuberculosis studies, has been shown to
be efficient because at low inoculation dosages (b
x 102 cfu) of M. bovis the disease is provoked in
less than 90 days,”® with representative lesions of
tuberculosis. Therefore, the model is an alternative
for developing studies on the disease and for assessing
anti-tuberculosis vaccines, and it also represents lower
costs and greater ease of handling than when using
cattle.”

In this study, by using a goat model for detecting
M. bovis by M-PCR, the presence of the bacteria’s DNA
was detected up to 20 days in advance of what has
been described in other studies, giving support to the
sensitivity of this test. The elimination pattern of the
bacillus and its duration can be different for each
animal.*>* This situation could be demonstrated, as
at day 60 post-infection only six animals were detected
by M-PCR, while at day 90 post-infection an additional
four animals were detected. The use of the M-PCR
technique to determine, within a herd, which animals
could be eliminating the bacillus, would be of great
use due to its sensitivity (71.43%) when compared to
the sensitivity described for bacteriological isolation
which is less than 60%.*" It would also allow the
follow up of a reduced number of animals, in order to
identify and control the possible sources of infection.
At the same time, it will help to better understand
the role of infected livestock as a reservoir in the
epidemiology of the disease.
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