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Confirmacion de la excrecion de Mycobacterium bovis
en exudados nasales mediante PCR anidada
en un hato lechero

HoY Confirmation of Mycobacterium bovis excretion in
nasal exudates using nested PCR in a dairy
cattle herd
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Abstract

Transmission of bovine tuberculosis (BT) through aerosols in natural infections has been poorly characterized. With
the aim of determining the frequency of respiratory excretion of Mycobacterium bovis, and its relationship with the
immune response, the presence of M. tuberculosis complex bacteria in nasal exudates was analyzed using nested
PCR during a period of 6 months, in a herd of dairy cattle with high risk of BT transmission. The results allowed the
confirmation of respiratory excretion of M. bovis, together with BT transmission in this herd, suggesting also the
influence of IFNy in this event.
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Resumen

La transmision de la tuberculosis bovina (TB) a través de aerosoles representa un fenémeno poco caracterizado en
la infeccién natural. Con el objetivo de estudiar la frecuencia de excrecidon de Mycobacterium bovis via respiratoria
y su relaciéon con la respuesta inmune, se analizé durante seis meses la presencia de bacterias del complejo
M. tuberculosis en exudados nasales, utilizando PCR anidada, en un hato de bovinos lecheros con alto riesgo
de transmisiéon de TB. Los resultados confirmaron la excrecién de M. bovis via respiratoria, colateralmente a la
transmision de TB en este hato, sugiriendo ademas la influencia de INF-y en este fenédmeno.
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Introduction

ovine tuberculosis (BT) causes serious eco-

nomic losses for the dairy industry.! Currently,

there is an effort being made to eradicate Myco-
bacterium bovis, species of the Mycobacterium tuberculosis
complex that causes this disease, and that is a zoo-
nosis that is considered an important public health
problem.” The most common transmission form is by
elimination of mycobacteria through respiration aero-
sols that may reach the lung alveoli.” In some studies,
the intermittent presence of M. bovisin nasal exudates
of naturally*” or experimentally infected bovines has
been described.®® Nevertheless, even though thereis a
persistence of BT in dairy herds, most of the infected
animals exhibit limited pathology and scarce elimina-
tion of mycobacteria.'"”"* Experimental data suggest
that an excessive immune response or a high viru-
lence of the bacilli favor the transmission of BT.""*

M. bovis culture constitutes an optimal confirming
diagnostic procedure for BT, but it requires a large
amount of time, has a low sensitivity and there are also
false positive results."'® Tuberculin tests are useful in
the identification of tuberculosis infected cattle, but
for an advanced BT control, complementary tests have
been proposed, such as gamma interferon (IFN-y)
test, that detects infected animals before they react
to tuberculin.”” Also, the polymerase chain reaction
(PCR) allows a quick confirmation diagnosis of BT
without prior culture. Through PCR for the single
gene copy that codifies MPB70 protein secretion, it
is possible to specifically identify mycobacteria of the
M. tuberculosis complex, including M. bovis strains.'>"
With the recently described nested PCR technique
for MPB70, up to 5 fg of DNA (= 1 genome) may
be detected. This test has good concordance with
histopathology, as well as with culture of M. bovis™
and by including specificity and inhibition controls, it
may be used as an epidemiological tool.

Based on the above, this work was designed with
the objective of studying the excretion of M. bovis
by respiration during a period of six months, using
as a positive indicator a nested PCR with DNA
of nasal exudates. In addition, this indicator was
compared with the tuberculin and IFN-y tests. Under
supervised control by the National Bovine Tuberculosis
Eradication Campaign (CANETB) a sample was taken
from 63% of the bovine herd confined in the Faculty
of Superior Studies of Cuautitlan, that had a history
of high BT prevalence and isolations of M. bovis. Sixty-
nine Holstein Friesian females, older than two years
of age were included since it is recognized that under
these conditions the relative risk of BT transmission,
as well as the probability of reacting to tuberculin
tests, is increased.?
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Introduccion

a tuberculosis bovina (TB) ocasiona grandes

pérdidas econémicas en la industria lechera.'

Actualmente se pretende erradicar a
Mycobacterium bovis, especie del complejo Mycobacterium
tuberculosis causante de esta enfermedad, considerada
como zoonosis de importancia en salud publica.” Su
via de transmision mds comun es la respiratoria a
través de la eliminacién de micobacterias en aerosoles
que pueden alcanzar la luz alveolar en pulmones.” En
algunos trabajos se ha descrito presencia intermitente
de M. bovis en exudados nasales de bovinos infectados
natural’” o experimentalmente.* No obstante, a
pesar de la persistencia de TB en hatos lecheros,
la mayoria de animales infectados exhibe patologia
limitada y eliminacién escasa de micobacterias.'”"?
Los datos experimentales sugieren que una excesiva
respuesta inmune o una alta virulencia del bacilo
favorecen la transmisién de TB."'"

El cultivo de M. bovis constituye el procedimiento
optimo para el diagnoéstico confirmativo de TB, pero
requiere mucho tiempo, tiene poca sensibilidad y
también se obtienen resultados falsos positivos.'>'® La
prueba de tuberculina es ttil para identificar ganado
tuberculoso, pero para el control avanzado de la TB
se han propuesto pruebas complementarias, como la
de interferén gamma (IFN-y), que permite identificar
animales infectados antes de que reaccionen a
la tuberculina.'” Asimismo, la reaccién en cadena
de la polimerasa (PCR) confirma rdpidamente el
diagnéstico de TB sin cultivo previo. Mediante la PCR
para la copia dnica del gen que codifica la proteina
de secrecion MPB70, se identifican micobacterias
del complejo M. tuberculosis, incluyendo cepas de M.
bovis."™" Con una técnica de PCR anidada para MPB70
descrita recientemente se pueden detectar hasta 5 fg
de ADN (~ 1 genoma) con buena concordancia tanto
con histopatologia como con cultivo de M. bovis.*
Esta prueba puede ser utilizada como herramienta
epidemiolégica incluyendo testigos de especificidad e
inhibicion.

Con base en lo anterior, en este trabajo se
plante6 como objetivo estudiar la excrecion de M.
bovis via respiratoria durante seis meses, utilizando
como indicador el resultado positivo a PCR anidada
con ADN de exudados nasales. Adicionalmente se
compard6 este indicador con pruebas de tuberculina
e INF-y . Bajo el control supervisado de la Campana
Nacional para la Erradicaciéon de la Tuberculosis
Bovina (CANETB) se tomé como muestra a 63%
del hato de bovinos lecheros en confinamiento, de
la Facultad de Estudios Superiores-Cuautitlan, con
antecedentes de alta prevalencia de TB y aislamiento
de M. bovis. Se incluyeron 69 hembras Holstein



At days one and 180 of this study, the simple
caudal tuberculin test was performed, inoculating
intradermally 0.1 mL of bovine purified protein
derivative (PPD), in the caudal fold according to the
procedures established by CANETB. Seventy-two hours
after inoculation an increase of caudal fold thickness
larger than 4 mm was considered to be a positive
reaction to the test. The IFN-y test was performed
on two occasions, 15 days after the tuberculin test, as
it has been recently suggested.”’ To measure IFN-y,
blood samples were taken in heparin (1.5 mL), were
stimulated 24 h with 100 pL of PPD (300 pg/mL)
and plasma was collected for quantification of IFNy
as indicated by the supplier of the immunoenzymatic
test. Of the study herd sample (n = 69), 43% of the
animals reacted to the tuberculin test (n = 30) and
35% to IFN-y (n = 24). With both tests, a relative
prevalence and incidence of 45% (average) and 11%
(nine new cases) in six months, respectively were
estimated.

Nasal exudates from both cavities were collected
from the animals each month during six occasions,
using sterile swabs submerged in 5 mL of sterile
phosphate saline solution. Samples were maintained
at 4°C for transfer, were centrifuged at 3 500 g during
20 min and the nasal sediments were frozen at —20°C.
DNA was extracted from the sediments according
to the method described for mycobacteria;"® it was
quantified by spectrometry (DO at 260/280 nm) and
evaluated by electrophoresis in 1% ethidium bromide
agar gel (0.005%).** A nested PCR was performed as
previously described to amplify the 208 pb region of
MPB70 gene of the M. tuberculosis complex.* Positive,
negative and inhibition controls were included to
control the technique. (Figure 1).* Programs were
carried out in the Gene Amp PCR system 2400 and
the PCR products were analyzed in 2% agar gels.
Twenty six percent of tuberculin reactor animals
(8/30) excreted M. bovisin a six month period, in one
monthly sample, there was an exception of one animal
with two positive samples in a three month interval
(Table 1, number 3). This result is above of what has
been described in other studies that mention 8% to
20% of excreting animals in different populations.*>*
Due to the monthly interval for sample taking and
the total duration of this study, the reactors to the
immunological tests, but negative to nested PCR,
were not discarded as possible transmission sources
for the herd. Also, it has been suggested that the
intermittency period varies between 6 to 25 weeks due
to factors that have yet to be described." In the same
manner, the precise duration of the excretion period
for M. bovis is unknown and the results of this study
suggest it could be less than 30 days, since none of
the eight animals that excreted were positive by

Friesian mayores de dos anos, porque se reconoce que
en esas condiciones aumentan tanto el riesgo relativo
de transmision de M. bovis, como la probabilidad de
reaccion a la tuberculina.’

A los dias uno y 180 del estudio se realiz6 la
prueba de tuberculina simple caudal, inoculando via
intradérmica en el pliegue ano-caudal 0.1 mL de
derivado proteinico purificado (PPD) bovino, segun
el criterio de la CANETB. Un incremento del grosor
de la piel 72 h después de la inoculacién mayor a 4
mm se consideré como reaccion positiva a la prueba.
La prueba de INF-y se realizé en dos ocasiones 15
dias después de la prueba de tuberculina, como se
ha sugerido recientemente.” Para medir el IFN-y se
tomaron muestras de sangre heparinizada (1.5 mL),
se estimularon 24 h con 100 pL de PPD (300 pg/mL)
y se coseché el plasma con el que se procedi6 a la
cuantificacion del INF-y conforme indica el proveedor
de la prueba inmunoenzimatica. De la muestra del
hato de estudio (n = 69), 43% de los animales
reaccioné a la tuberculina (n = 30) y 35% al IFN-y (n
=24). Con ambas pruebas se estim6 una prevalencia e
incidencia relativas de 45% (promedio) y 11% (nueve
casos nuevos) en seis meses, respectivamente.

Los exudados nasales de ambas cavidades se
recolectaron de los animales mensualmente en seis
ocasiones, utilizando hisopos estériles sumergidos
en 5 mL de solucién salina de fosfatos estéril. Las
muestras se mantuvieron a 4°C para su traslado,
se centrifugaron a 3 500 g durante 20 min y los
sedimentos nasales se congelaron a —20°C. Mediante
un método descrito para micobacterias se extrajo
el ADN de los sedimentos,” se cuantificé por
espectrometria (DO a 260/280 nm) y se evalué
por electroforesis en geles de agarosa al 1% con
bromuro de etidio (0.005%).** De acuerdo con lo
descrito previamente, se realiz6 una PCR anidada
para amplificar una regién de 208 pb del gen MPB70
del complejo M. tuberculosis.”” Para control de la
técnica se incluyeron testigos positivos, negativos y de
inhibicién (Figura 1).* Los programas se llevaron a
cabo en el Gene Amp PCR system 2400y los productos
de PCR se analizaron en geles de agarosa al 2%. El
26% de los animales reactores a la tuberculina
(8/30) excret6é M. bovisen un periodo de seis meses, en
una sola muestra mensual, con excepcién de un solo
animal con dos muestras positivas en un intervalo de
tresmeses (Cuadro 1, nimero 3). Este resultado supera
lo descrito en otras investigaciones que mencionan
de 8% a 20% los animales excretores en distintas
poblaciones.*** Debido al intervalo mensual para la
toma de muestra y a la duracion total de este estudio,
los animales reactores a las pruebas inmunolégicas,
pero negativos a PCR anidada, no se descartan como
fuentes de transmision en el hato. Ademas, se ha
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Figura 1. PCR anidada para amplificar un segmento del gen MPB70 del complejo Mycobacterium tuberculosis.
Lineas: 1-2, M. bovis ANS y M. tuberculosis H37Rv; linea 3, M. avium D4; linea 4, Agua; 5-8, exudados nasales
de bovinos de un hato con alta prevalencia de TB. Gel de agarosa al 2% con bromuro de etidio (0.005%). M:

Marcador de peso molecular.

Figure 1. Nested PCR for amplification of a segment of the Mycobacterium tuberculosis complex MPB70 gene.
Lines: 1-2, M. bovis AN5 and M. tuberculosis H37Rv; line 3, M. avium D4; line 4, Water; 5-8, bovine nasal exudates
from a herd with high BT prevalence. 2% Agarose gel with ethidium bromide (0.005%). M: Molecular weight

marker.

nested PCR in two consecutive monthly samples.

Twenty-five tuberculin reactors, 22 of which were
positive to IFN-y and three control bovines, negative
to all the tests were slaughtered, (Table 1, numbers
10, 11 and 12). Post-mortem inspection (PI) of reactor
bovines was performed to search for BT suggestive
lesions, mainly in submandibular, retropharyngeal,
tracheaobronchial, mediastinal, prescapular,
precrural, supramammary and pulmonary tissue
lymph nodes (LN).* Visible lesions were classified by
size and amount (Table 1) according to previously
established parameters."” Tissue samples were set
in 10% formaldehyde in PBS, set in paraffin and
stained with hematoxylin-eosin (HE) to characterize
the histopathologylesionsand with Zielh-Neelsen (ZN)
to determine BT compatible lesions with acid-alcohol
resistantbacilli (Table 1).?” Histopathologyrevealed BT
compatible lesions in 36% of reactors (nine animals)
with multifocal granulomatous lymphadenitis (HE)
and acid-alcohol resistant bacilli (ZN), located mainly
inmediastinal retropharyngeal, trachea-bronchial LN,
and in two cases in the caudal insertion of medial
(right) and apical pulmonary lobes (Table 1, numbers
1 and 2). Two animals had microscopic lesions without
macroscopic lesions (Table 1, numbers 1 and 6).
Histopathology suggested active BT in LN of the
respiratory tract of most of the reactors with lesions,
since they had a pattern of mixed lesions: diffuse
(type I), in transition (II) and encapsulated (III).
The most affected were the retro-pharyngeal LN
and in lungs the lesions were characterized by
being encapsulated, possibly primary foci. Open
pulmonary lesions (diffuse) are considered the origin
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sugerido que el periodo de intermitencia varia de
entre seis a 25 semanas debido a factores aun no
descritos."* Asimismo, la duracién precisa del periodo
de excrecion de M. bovis se desconoce y los resultados
del presente estudio sugieren que podria ser menor
a 30 dias, ya que ninguno de los ocho animales
excretores era positivo a PCR anidada en dos muestras
mensuales consecutivas.

Se sacrificaron 25 bovinos reactores a la
tuberculina, 22 de ellos positivos a IFN-y y tres
bovinos testigos, negativos a todas las pruebas
(Cuadro 1, numeros 10, 11 y 12). Se realizé la
inspeccién post-mortem  de bovinos reactores para
buscar lesiones sugestivas de TB, principalmente
en nodulos linfaticos (NL) submandibulares,
retrofaringeos, traqueobronquiales, mediastinicos,
preescapulares, precrurales, supramamarios y tejido
pulmonar.®® Las lesiones visibles se clasificaron por
tamano y cantidad (Cuadro 1) de acuerdo con
parametros ya establecidos." Las muestras de tejido
se fijaron en soluciéon de formaldehido al 10%
en PBS, se incluyeron en parafina y se tineron
con hematoxilina-eosina (HE) para caracterizar las
lesiones histopatolégicas y con Zielh-Neelsen (ZN)
para determinar lesiones compatibles a TB, con
bacilos dcido-alcohol resistentes (Cuadro 1).* La
histopatologia revel6 lesiones compatibles con TB en
36% de los reactores (nueve animales) con linfadenitis
granulomatosa multifocal (HE) y bacilos acido-alcohol
resistentes (ZN), localizadas principalmente en NL
mediastinicos, retrofaringeos, traqueobronquiales, y
en dos casos en la inserciéon caudal de los l6bulos
pulmonares medio (derecho), y apical (Cuadro 1,



Cuadro 1
CARACTERISTICAS DE LOS HALLAZGOS A LA INSPECCION Post mortem,
HISTOPATOLOGIA Y PCR
CHARACTERISTIC OF Post mortem INSPECTION, HISTOPHATOLOGY AND PCR FINDINGS

No. RF TR M MS HP L ZN PCR
1 +++:1, 11 I +++:111 + +
2 +++:1L1L1H +++:111 + +
3 +++:1L1L 1 +++:111 + +
4 +++:11 +++:11 + +
5 +++:1, 111 + +
6 1L + +
7 +++: LI +++:01 + -
8 +++:111 +++:111 + -
9 +++:111 + -
10 + - -
11 + - -
12 + - -

LN: Lymph nodes; RF: Retropharyngeal; TR: Tracheobronchial; M: Mediastinal; Ms: Mesenteric; Hp: Hepatic; L: Lungs.

+: 1 or 2 visible lesions (VL) 5mm in diameter; ++: up to 5 VL between 6 and 10 mm; ***: multiple VL > 10mm.

Type I: Multifocal granulomatous lymphadenitis with exudates mainly made up of macrophages, epithelioid cells, giant cells and

lymphocytes without fibrosis (capsule);

Type 11: Similar to type 1 with necrosis, fibrosis capsule and central necrosis.

Type I11: Granuloma with well defined fibrous capsule and central necrosis

1: Cow without visible lesions (macroscopic) in Mesenteric LN, but with type Il lesion by hostopathology.

6: Cow without visible lesions, but with type I and Il lesions in mediastinal LN 10 to 12: Control animals

of BT transmission, but only a small percentage of
tuberculosis infected animals have them'"'** and
the possibility of non apparent lesions must not be
disregarded, as has been demonstrated in this, as well
as other studies.”

Eight animals were detected by nested PCR with
DNA samples of nasal exudates (Figure 1), all positive
to tuberculin and IFN-y and 6 with BT compatible
lesions (Table 1, numbers 1 to 6). Absence of visible
lesions in reactor animals does not indicate lack
of capacity of transmission of the bacilli,""** and it
can be associated with recent infection, when it has
been described that the bacterial excretion could be
larger.”’” On mucous membrane surfaces of the nasal
cavity, pharynx, and tonsils, up to 15% of reactors
show microscopic lesions and bacilli,* sites that could
probably also constitute primary foci from where

nimeros 1 y 2). Dos animales presentaron lesiones
microscopicas sin presentar lesiones macroscopicas
(Cuadro 1, nimeros 1y 6). La histopatologia sugiri6
TB activa en NL del tracto respiratorio de la mayoria
de reactores con lesiones, ya que tenian un patrén
mixto de lesiones: difusas (tipo I), en transicién
(II) y encapsuladas (III). E1 NL mas afectado fue
el retrofaringeo y en pulmones las lesiones se
caracterizaron por ser encapsuladas, posiblemente
focos primarios. Las lesiones pulmonares abiertas
(difusas) son senaladas como el origen de la
transmision de TB, pero sélo un bajo porcentaje
de animales tuberculosos las presentan'”'** y no se
descarta la posibilidad de lesiones desapercibidas, tal
como se ha demostrado en éste y otros trabajos.*
Mediante PCR anidada con ADN de muestras de
exudado nasal se identific6 a ocho animales (Figura
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the bacteria are liberated. In this study, the infected
animals (reactors) originated nine new cases in six
months and the excreting animals with lung lesions are
considered the sources of infection even though the
others are not eliminated as possible disseminators.

Cohen’s Kappa k coefficient was used to measure
the concordance between PCR, tuberculin, IFN-y and
histopathology (95% CI).*” Concordance obtained
between the nested PCR results and the tuberculin
tests and IFN-y was insufficient (k = 0.3) and good
(k = 0.4), respectively. Between histopathology and
nested PCR it was good (k = 0.4), but insufficient (k <
0.4) with immunological tests. The good concordance
found between IFN-y and the presence of lesions
with nested PCR of nasal exudates suggests there
is an influence of this cytokine on the process that
leads to bacterial excretion.”™ IFN-y may induce
tissue necrosis and liquefaction of encapsulated lesions
(immunopathology), mainly due to an excessive
activation of macrophage derived factors, such as
proteolytic enzymes, tumor necrosis factor-y and
oxygen and nitrogen free radicals.?*?°

In conclusion, the excretion of M. bovis through the
respiratory tract of naturally infected dairy cattle was
confirmed by nested PCR method and it is suggested
that IFN-y has an effect on this event. Later studies
with larger amount of production units should shorten
the sampling period and increase the total duration of
the study to determine the duration and intermittency
of the excretion periods with a higher precision, and
thus study the possible trigger factors that lead to the
excretion of M. bovis.
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