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Abstract

The objective of this work was to compare the degree of protection given by three immunogens against bovine tuberculosis in
heifers, based on the presence of lesions at necropsy, after challenge with a pathogenic M. bovis strain. Twenty-four tuberculosis
free heifers were divided into four groups: group 1 was vaccinated with M. bovis culture filtrate protein extract (CFPE); group 2
with CFPE plus interferon-gamma (IFN-v); group 3 with Bacillus Calmette-Guerin (BCG) and group 4 remained as control. At six
months post-vaccination all animals were challenged with a field strain of M. bovis and after six months they were slaughtered
and the presence of lesions was evaluated. At necropsy, the lymph nodes looked like abscesses and histopathology showed
pyogranulomatous lymphadenitis. All the animals of the control group had tuberculosis lesions and this was the group with the
highest number of lesions, 66.6% of them being severe. Several animals of the three immunized groups did not show any lesions,
and only moderate lesions were observed in the others. None of the vaccination protocols gave 100% protection, since lesions
were observed in all the groups. Nevertheless, it is evident that different degrees of protection were obtained in the vaccinated
groups, as shown by the absence or decrease in severity of lesions; this reduction being greater in the group vaccinated with BCG.
It was concluded that BCG was the immunogen that gave better results; therefore, it could be used for tuberculosis control in
high prevalence areas.
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Resumen

El objetivo de este trabajo fue comparar en becerras el grado de proteccion de tres inmundgenos contra la tuberculosis bovina,
mediante las lesiones en la necropsia, ante un desafio con cepa patégena de M. bovis. Se utilizaron 24 becerras negativas a tuber-
culosis, divididas en cuatro grupos; el grupo 1 se vacuné con extracto proteinico de filtrado de cultivo (CFPE) de M. bovis; el grupo
2, con CFPE mas interferon gamma (IFN-y); el grupo 3, con BCG; el grupo 4 quedo6 como testigo. A los seis meses posvacunacion,
losanimales se desafiaron con cepa de M. bovis. Posteriormente, a los seis meses se sacrificaron, para evaluar la presencia de lesio-
nes. En la necropsia, los linfonodos parecian abscesos; en la histopatologia, las lesiones se definieron como una linfadenitis pio-
granulomatosa. Todos los animales del grupo testigo presentaron lesiones de tuberculosis, fue el grupo con mayor nimero de
lesiones; 66.6% de éstas fueron severas. En los tres grupos inmunizados hubo animales que no presentaron lesiones; en los que
si hubo, las lesiones fueron leves y moderadas. Ninguno de los esquemas de vacunacion previno al 100% la infeccion, pues en
todos los grupos hubo lesiones. Sin embargo, es evidente que en los grupos inmunizados hubo diferentes grados de proteccion,
manifestados en ausencia de lesiones y disminucién en el grado de severidad, en el grupo inmunizado con BCG esta disminucién
fue mayor. Se concluye que la vacuna BCG fue el inmundgeno que presentd mejores resultados, por ello podria utilizarse para el
control de la tuberculosis en zonas de alta prevalencia.
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Introduction

recognized as being specifically responsible for
bovine tuberculosis (BT) etiology. Neverthe-

less, this disease constitutes a serious problem for the
bovine industry; therefore, it continues to promote
research in several countries.” In Mexico, tuberculo-
sis has been under scrutiny during the last few years,
not only because of an increase in number of cases,
but also because it affects commercial policies with
other countries, including food safety programs and
this has renewed interest in the development and vali-
dation of new control alternatives and better diagnos-
tic methods.*®

Vaccination against BT in cattle may be an impor-
tant control strategy where classical test and slaughter
programs are very costly.*® Advances in the study of
processes involved in the immune protective response
against M. bovis infection as well as in molecular biol-
ogy techniques, together with the elucidation of the
complete sequence of M. bovis genome can provide
better opportunities to develop and improve new vac-
cines against BT.*%°

Currently different types of vaccines are being
developed and assessed in cattle, based on attenuated
live microorganisms, dead microorganisms, purified
proteins or glycoproteins subunit vaccines, or DNA
vaccines. >

Within the group of vaccines with greater possibili-
ties of success are those preparations of culture filtrate
protein extracts (CFPE), that contain M. bovis or M.
tuberculosis proteins, since they stimulate well T cells of
experimentally infected mice and cattle.*>*"?%2! |t has
been observed that live mycobacteria are more effi-
cient in the generation of specific acquired resistance,
when compared with dead mycobacteria prepara-
tions. This observation has been used as an argument
to insist that secreted antigens present in CFPE, pro-
duced by active mycobacterial metabolism are essen-
tial to induce protective immunity.?* Studies done in
mice and hamsters immunized with M. tuberculosis and
M. bovis CFPE, have demonstrated that high levels of
protection may be induced against airborne chal-
lenges with M. tuberculosis and M. bovis.>**# The objec-
tive of using specific proteins that stimulate protective
immune response against tuberculosis, is that they do
not induce reaction to tuberculin tests and vaccine
effectiveness is not influenced by prior sensitization by
environmental mycobacteria.>?®

Another vaccine that is still being studied in
cattle is the M. bovis strain of Calmette-Guerin bacil-
lus (BCG). This vaccine is used since 1921 to prevent
human tuberculosis, and it is obtained by a series of

For a long time, Mycobacterium bovis has been

272

Introduccion

bovis en la etiologia de la tuberculosis bovina

(TB) ha sido reconocida desde hace mucho
tiempo. Sin embargo, esta enfermedad constituye
un problema grave en la industria bovina, ello propi-
cia que se siga estimulando la investigacion en varios
paises.”* En México, la tuberculosis ha sido foco de
atencion en los Gltimos afios, no sélo por el hecho
del incremento en el nimero de casos, también por
las politicas de comercio que se establecen con otros
paises, incluidos los programas de inocuidad alimen-
taria, lo cual ha provocado un renovado interés para
el desarrollo y validacion de nuevas alternativas de
control y mejores métodos de diagndstico.>®

La vacunacion contra TB en el ganado puede ser
importante estrategia de control en paises donde los
programas clasicos de prueba y sacrificios son incos-
teables.*° Los avances en el estudio de los procesos
involucrados en la respuesta inmune protectora hacia
la infeccién por M. hovis y en las técnicas de biologia
molecular, junto con la determinacion de la secuen-
cia completa del genoma de M. bovis, pueden proveer
mejores oportunidades para desarrollar y mejorar
nuevas vacunas para la TB.**°

Actualmente se estan evaluando en el ganado
diferentes tipos de vacunas que estan en desarro-
llo, basadas en microorganismos vivos atenuados,
microorganismos muertos, vacunas subunitarias com-
puestas por proteinas o glicoproteinas purificadas y
vacunas de ADN."5%

Dentro de las vacunas con mayores posibilidades
estan los preparados de extracto proteinicos de fil-
trado de cultivo (CFPE), que contienen proteinas de
M. bovis o M. tuberculosis, pues son buenos estimulantes
de células T en ratones y ganado experimentalmente
infectados con tuberculosis.’**?*# Se ha observado
que las micobacterias vivas son mas eficientes en la
generacion de laresistencia adquirida especifica, com-
parada con las preparaciones de micobacterias muer-
tas; esta observacion se ha utilizado como argumento
para sostener que los antigenos secretados presentes
en los CFPE, producidos por el metabolismo activo
micobacterianos, son esenciales para la induccion de
una inmunidad protectora.’? Estudios realizados en
ratones y cobayos inmunizados con CFPE de M. tuber-
culosis y M. bovis, han demostrado que pueden inducir
altos niveles de proteccion contra desafios aerégenos
con M. tuberculosis y M. hovis.>**# EI objetivo de usar
proteinas especificas que estimulen respuesta inmune
protectora para la tuberculosis, es que no inducen
reaccion a la prueba de tuberculinay la efectividad de
la vacuna puede no estar influida por previa sensibili-
zacion de micobacterias ambientales.>?*

I a responsabilidad especifica del Mycobacterium



passes with an attenuated virulent strain of M. bovis
and prepared with live lyophilized bacteria.*

From the beginning of development of this vac-
cine in 1906, it has been used experimentally in
cattle. Nevertheless, protection has been short lived
and many times BCG does not protect against natural
infections, even though it protects against experimen-
tal infections.’®®?” Vaccination frequently is effective
in high prevalence zones, but recently born calves may
have been exposed to M. bovis, before vaccination,
by intake of milk from cows with tuberculous masti-
tiS.10'27'28

In experiments in cattle with BCG, virulent myco-
bacteria have been retrieved during necropsy from
lymph nodes (LN) that are closest to the point of
entry, where lesions form a tubercle, but without the
tendency of producing extensive lesions at other parts
Of the bOdy.lO'13’29'30

The apparent lack of protection of cattle by BCG
may be attributed to numerous factors. Generally in
cattle, high doses of BCG equivalent to 10°-10® colony
forming units (CFU) are used, for subcutaneous vac-
cination; now it is known that these doses may be less
effective in stimulating immune protection than low
doses.?83°

Several reasons for the limited efficacy of BCG
have been proposed, one of them is previous expo-
sure to environmental mycobacteria which results in
a transient immuneresponse to BCG with low protec-
tive immunity against BT.?3! Comparing the genome,
more than 100 coding sequences have been found to
be absent in BCG but present in M. tuberculosis, the
main agent in human tuberculosis.'**

Recent studies with BCG have directly evaluated
its efficacy: in this sense, it has been used as positive
control to evaluate other vaccines against tuberculo-
sis.331% A series of experiments done in the last ten
years indicate that one or two doses of 10%-10° colony
forming units of BCG, administered subcutaneously
in recently born calves, induce significant levels of pro-
tection against virulent M. bovis challenges. Vaccina-
tion of animals with BCG at birth gives 100% efficacy
of protection against the development of macroscopic
lesions, when they are vaccinated at six weeks efficacy
is 90%.>3

Additionally to vaccination, immunomodulators
have been used in order to increase the intensity of
the immune response, mainly of the cellular type.®
Interferons (IFN) are among the most important
immunomodulators taken into consideration; they
constitute a family of proteins produced by nucleated
cells in a precocious response, prior even to the anti-
genic response to viral infections and other stimuli
(bacteria, endotoxins, mitogens).?3¢37

Also, studies performed in animal models and

Otra vacuna que se sigue estudiando en el ganado
es la cepa M. bovis del bacilo Calmette-Guerin, BCG.
Esta vacuna se utiliza desde 1921 para prevenir la
tuberculosis humana, se obtiene de una serie de pases
de unacepavirulenta atenuada de M. bovis, preparada
con bacterias vivas liofilizadas.*

Desde el desarrollo de esta vacuna, en 1906, se
le ha experimentado en el ganado. Sin embargo, la
proteccion ha sido de corta duracion y muchas veces
se ha observado que la BCG no protege contra la
infeccion natural, pero si contra infecciones experi-
mentales.'®?7 Se ha visto que la vacunacion funciona
a menudo en zonas de alta prevalencia, pero los bece-
rros recién nacidos pudieron haber sido expuestos a
M. bovis, antes de la vacunacion, a través del consumo
de leche de vacas con mastitis tuberculosa.'*?"%

En experimentos en bovinos con la BCG se han
recuperado, en la necropsia, micobacterias virulentas
a partir de los linfonodos (LN) mas cercanos al punto
de entrada, donde las lesiones forman un tubérculo,
pero no se ha observado tendencia a producir lesiones
extensivas en otras partes del cuerpo.'0132°30

Lafallaaparente de laBCG paraproteger al ganado
puede atribuirse a numerosos factores. Generalmente
se han usado altas dosis de BCG equivalentes a 10°-108
unidades formadoras de colonias (UFC) para la vacu-
nacion subcutdnea en el ganado; ahora se sabe que
estas dosis pueden ser menos efectivas que las dosis
bajas para estimular una proteccion inmune.?=°

Se han propuesto algunas razones de la limitada
eficacia de la BCG, una de ellas es la previa exposi-
cion a micobacterias ambientales provocando una res-
puesta transitoria hacia la BCG, con baja inmunidad
protectora contra la TB.23' Comparando el genoma
se han encontrado més de 100 secuencias de codones
ausentes en la BCG, pero que estan presentes en M.
tuberculosis, el agente principal de la tuberculosis en
humanos.**

Recientes estudios con la BCG han evaluado direc-
tamente su eficacia; en este sentido, se le ha utilizado
como testigo positivo al evaluar otras vacunas contra
la tuberculosis.®*3% Una serie de experimentos en los
pasados diez afios indica que una o dos dosis de BCG
con 10*-10° UFC, administradas subcutdneamente en
becerras recién nacidas, inducen niveles significativos
de proteccion contra desafios con M. bovis virulen-
tos. La vacunacion de animales con BCG en el naci-
miento tiene eficacia de 100% de proteccion contra
el desarrollo de lesiones macroscopicas, cuando éstos
son vacunados a las seis semanas tiene una eficacia de
90%.%%

Adicionalmente a la vacunacion se estan utilizando
inmunomoduladores con la finalidad de aumentar la
intensidad de la respuesta, principalmente de tipo
celular.®®* Dentro de los inmunomoduladores conside-
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humans show that exogenous administration of 1FN-
gamma (IFN-y), during immunization, increases cel-
lular immune response, committed to intracellular
bacteria elimination, since it favors antigenic presen-
tation as well as major activation and proliferation of
specific T CD4" and cytotoxic T CD8" cells, among
other functions.®%

The objective of this study was the evaluation of
the degree of protection of three immunogens against
BT: M. bovis BCG vaccine, M. bovis CFPE and M. bovis
CFPE plus recombinant bovine IFN-y, administered to
calves experimentally challenged with a pathogenic
M. bovis strain, by identification of lesions during
necropsy.

Materials and methods
Experimental animals

Twenty-four, 8-16 month-old Holstein calves from
herds under control of the disease by the National
Campaign for the Eradication of Bovine Tuberculo-
sis (CANETB) and negative to tuberculin, IFN-y and
ELISA tests were used.

Inmunogens
M. bovis BCG vaccine

The M. bovis BCG that was used was the Danish strain,
Mérieux culture, derived from strain 1077, with atten-
uated live bacilli containing between 8 x 10° and 3.2 x
10® CFU, lyophilized to be reconstituted with 1.0 mL
of sterile distilled water.*

M. bovis culture filtrate protein extract (CFPE)

The strain of mycobacteria that was used for this study
was M. bovis AN5. Cultures were incubated at 37°C
in modified synthetic Dorser-Henley liquid medium,
during six weeks.* Proteins present in culture filtrates
were precipitated with ammonium sulfate crystals
[(NH4)2 SO4] at 80% final saturation, with constant
agitation at 4°C for 24 h.*® At the end of this time, the
solution was centrifuged during 60 min at 4°C, at 15
000 g, the precipitate was re-suspended in 10 mL of
phosphate buffer solution (PBS) pH 7.2, after that
it was dialyzed with PBS, in dialysis bags, with cut-
ting point at 12 to 14 kDa, at 4°C during 36 h. Protein
concentration of CFPE was determined by Bradford
method, it was adjusted to 35.0 pg/mL of protein and
it was divided in 1 mL aliquots that were stored at —
70°C until their use.*
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rados mas importantes se encuentran los interferones
(IFN), que constituyen una familia de proteinas pro-
ducidas por las células nucleadas en respuesta precoz,
anterior incluso a la respuesta antigénica, a las infec-
ciones viricas u otros estimulos (bacterias, endotoxi-
nas, mitégenos).2%%%

Asimismo, estudios realizados en modelos anima-
les y en el humano muestran que la administracion
exoégena de IFN-gamma (IFN-y), durante la inmu-
nizacion, incrementa la respuesta inmune celular,
comprometida en la eliminacién de bacterias intrace-
lulares, debido a que se favorece tanto la presentacion
antigénica como mayor activacion y proliferacion de
las células T CD4" especificas y T CD8" citotdxicas,
entre otras funciones.*%

El objetivo del presente trabajo fue evaluar en
becerras el grado de proteccién de tres inmundgenos
contra la TB, la vacuna BCG de M. bovis, CFPE de M.
bovis y CFPE de M. bovis mas IFN-y bovino recombi-
nante, ante un desafio experimental con una cepa
patégena de M. hovis, mediante las lesiones identifica-
das en la necropsia.

Material y métodos
Animales experimentales

Se utilizaron 24 becerras Holstein de 8-16 meses de
edad, provenientes de hatos bajo control de la enfer-
medad, por la Campafia Nacional para la Erradicacion
de la Tuberculosis Bovina (CANETB) y negativas a
las pruebas de la tuberculina, IFN-yy ELISA.

Inmundégenos
Vacuna BCG de M. bovis

La vacuna BCG utilizada fue la cepa danesa de M.
bovis de la siembra Mérieux derivada de la cepa 1077,
con bacilos vivos atenuados que contienen entre 8 x
10%a 3.2 x 10° UFC, liofilizada para reconstituirse con
1.0 mL de agua destilada estéril.*

Extracto proteinico de filtrado de
cultivo (CFPE) de M. bovis

La cepa de micobacteria que se empleo en este estu-
dio fue M. bovis ANS. Los cultivos se incubaron a 37°C
en medio liquido sintético de Dorser-Henley modifi-
cado, durante seis semanas.*® Las proteinas presentes
en los filtrados de cultivo se precipitaron con cristales
de sulfato de amonio [(NH4)2 SO4] a una saturacion
final de 80%, con agitacion constante a 4°C por 24 h.*

*Laboratorio Aventis Pasteur, S.A., Dinamarca.



Immunomodulator
Bovine recombinant Interferon-y

Bovine IFN-yisacommercial product* and is obtained
from the supernatant of an E. coli culture with bovine
recombinant IFN-y expression. Approximate con-
centration at which it was used was 300 ng/mL per
animal.

Challenge strain

An M. bovis field isolated strain was used, adjusting it
for the challenge to 1 x 10* CFU/mL.

Experimental design

Animals were distributed into four groups of six ani-
mals each. Group 1 was inoculated subcutaneously in
the neck with M. bovis CFPE in 300 mg doses, in 1.0
mL volume of sterile PBS. Group 2 was inoculated sub-
cutaneously with 300 ng of bovine recombinant IFN-y
and two days later received M. bovis CFPE in 300 mg
doses. Group 3 was vaccinated subcutaneously with
1.0 mL M. bovis BCG. Animals of group 4 remained
as controls, receiving 1.0 mL of sterile PBS, pH 7.2.
Thirty days later, animals of vaccinated groups were
revaccinated with the same vaccination scheme.

Challenge

All animals were challenged with an M. hovis field
strain, six months alter the last immunogen applica-
tion. Each animal was inoculated with 1 x 10* CFU/1.0
mL, in the upper part of the cranial third of the tra-
chea, using a hypodermic needle caliber 18. Before
and after infection all animals were evaluated by an
intradermic tuberculin test.

Animal slaughter and post-mortem inspection

Six months after the challenge, animals were eutha-
nized by groups, under humane conditions.** During
necropsy, a detailed inspection was carried out to
determine the presence, extension and severity of
tuberculous lesions.*>*®* Lungs were observed exter-
nally, then each lobe was cross-sectioned in 0.5 to 1.0
cm thick slices, reviewing all cut surfaces. Serosa and
mucosa of the trachea, were observed. Head was disar-
ticulated to inspect it, looking at larynx, pharynx, pal-
atine tonsil, and nasal mucosa. After that lymph nodes
(LN) of the head (retropharyngeal, parotidean, man-
dibular), neck (deep cervical), thoracic cavity (trache-
obronchial and mediastinal), abdomen (mesenteric)

Al término de ese tiempo, la solucion se centrifugo
durante 60 min a 4°C, a 15 000 g, el precipitado fue
resuspendido en 10 mL de solucion amortiguadora de
fosfatos (PBS) pH 7.2, posteriormente se dializ6 con
PBS, en bolsas de dialisis,* con punto de corte de 12 a
14 kDa, a 4°C durante 36 h. La concentracion de pro-
teina de los CFPE se determiné mediante el método
de Bradford, se ajust6 a 35.0 ug/mL de proteinay se
dividio en alicuotas de 1 mL, que se almacenaron a
—70°C hasta su empleo.*

Inmunomodulador
Interferén-y bovino recombinante

El IFN-y bovino constituye un producto comercial**
y se obtiene del sobrenadante de cultivo de E. coli con
expresion de IFN-y bovino recombinante. Se usé en
una concentracion aproximada de 300 ng/mL por
animal.

Cepa de desafio

Se empled una cepa de M. bovis aislada de campo,
para el desafio se ajusté a 1 x 10* UFC/mL.

Disefio experimental

Los animales se distribuyeron en cuatro grupos de
seis animales. El grupo 1 fue inoculado subcuténea-
mente en el cuello con dosis de 300 mg del CFPE de
M. bovis, en un volumen de 1.0 mL de PBS estéril. El
grupo 2 se inoculd via subcutanea con 300 ng de IFN-
y bovino recombinante, y dos dias después se les aplico
dosis de 300 mg del CFPE de M. hovis. El grupo 3 fue
vacunado via subcutanea con 1.0 mL BCG de M. bovis.
Los animales del grupo 4 permanecieron como testi-
gos, aplicAndoles 1.0 mL de PBS estéril, pH 7.2. A los
30 dias, los animales de los grupos vacunados fueron
revacunados bajo el mismo esquema.

Desafio

Todos los animales fueron desafiados con la cepa de
campo de M. bovis alos seis meses después de la Gltima
aplicacién de los inmundégenos. Cada animal fue ino-
culado con 1 x 10* UFC/1.0 mL, en el primer tercio
craneal de la traquea, utilizando una aguja hipodér-
mica de calibre 18. Antes y después de la infeccion,
todos los animales fueron nuevamente evaluados
mediante la prueba intradérmica de la tuberculina.

*Spectra/N°. 3787-D40, Estados Unidos de América.
**Serotec produc data sheet, Reino Unido.
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and carcass (superficial cervical, inguinal, popliteal
and sub- iliac) were inspected. LN that did not show
evident lesions were sectioned in thin cross-sections of
2.0 to 3.0 mm thickness to review all cut surfaces.

Lesions were quantified and classified taking into
account the presence and number of lesions when LN
were cut in half. Degree of severity was determined by
the size of each lesion: those with diameter below 0.5
cm were considered as slight (+); >0.5 cm up to 1.0
cm, were considered as moderate (++); and >1.0 cm
were considered as severe (+++).424

Samples were taken from tissues that had tubercu-
losis suggestive lesions; each sample was divided for
histopathology studies and bacteriology isolation.

Bacteriological analysis

Samples for bacteriological isolation were preserved
cold and later were spread in duplicate in Stonebrink
culture medium, with sodium piruvate and then incu-
bated at 37°C during four weeks; bacterial growth in
cultures were typified for their growth rate, pigmen-
tation, ZN stain, as well as biochemical tests (niacin,
nitrate reduction, hydrolysis of Tween-80, catalase test
at 22°C and 68°C, pyrazinamide) and development in
isoniazide (INH) and hydrazide (TCH).

Histopathology samples

Samples were taken for histopathology from tissues
that had tuberculosis suggestive lesions. Samples were
fixed in 10% formalin buffered with phosphates,
processed by routine paraffin inclusion technique
and stained with hematoxylin-eosin (H-E) and Ziehl-
Neelsen (ZN).*

Results

Intradermal test results carried out before challenge
gave two reactor animals of the group immunized
with BCG; while there was only one reactor in the
CFPE group. According to the criteria of the Mexican
Official Standard NOM-031-ZO0-1995, an animal of
the group immunized with CFPE + IFN-y, was sus-
pect. There was also one suspect animal in the control
group. At the end of the experiment animals of the
different groups showed reactivity to the test.

No animal showed skin alterations in immunogen
application sites. One animal of the control group, at
the beginning of the experiment died due to a pneu-
monic affection. No mortality occurred due to the
challenge.
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Sacrificio de los animales e
inspeccién post mortem

A los seis meses del desafio, a los animales se les aplicé
la eutanasia por grupos, bajo condiciones humanita-
rias.** Se realiz6 la necropsia haciendo una inspec-
cidbn minuciosa para determinar presencia, extension
y severidad de las lesiones tuberculosas.*>** Se revi-
saron los pulmones externamente, luego cada Iébulo
fue seccionado en forma transversal efectuando cortes
de 0.5 a 1.0 cm de grosor, revisando todas las superfi-
cies de corte. En traquea se reviso serosa y mucosa. La
cabeza se desarticul6 y fue inspeccionada, revisando
laringe, faringe, tonsila palatina y mucosa nasal. Pos-
teriormente se extrajeron y revisaron los LN de la
cabeza (retrofaringeos, parotideos, mandibulares),
del cuello (cervicales profundos) de cavidad toracica
(traqueobronquiales y mediastinicos), del abdomen
(mesentéricos) y de la canal (cervicales superficiales,
inguinales, popliteos y los subiliacos). Los LN que no
presentaron lesiones evidentes fueron seccionados en
forma seriada cada 2.0 a 3.0 mm de grosor revisando
las superficies de corte.

Para cuantificar y clasificar las lesiones se consi-
derd presenciay numero de lesiones al cortar los LN
a la mitad. Para determinar el grado de severidad se
considero el tamafio de cada una de las lesiones: con
un diametro menor de 0.5 cm como leves (+); > 0.5
cm hasta 1.0 cm, como moderadas (++);y > de 1.0 cm
como severas (+++).4%4

Se tomaron muestras de los tejidos que presentaron
lesiones sugerentes de tuberculosis, cada muestra se
dividio para el estudio histopatolégico y aislamiento
bacteriano.

Andlisis bacterioldgico

Las muestras para aislamiento bacteriano fueron pre-
servadas en frio y posteriormente se realizé el cultivo
bacteriano, sembrando las muestras por duplicado en
medio de Stonebrink con piruvato de sodio, incuban-
das a 37°C durante cuatro semanas; los cultivos con
crecimiento bacteriano se tipificaron por su velocidad
de crecimiento, pigmentacién, tinciéon ZN, asi como
por la realizacion de pruebas bioguimicas (niacina,
reduccion de nitratos, hidrolisis de Tween-80, prueba
catalasa a 22°C y 68°C, pirazinamidasa) y desarrollo
en isoniacida (INH) e hidracida (TCH).

Muestras para histopatologia

Para histopatologia, se tomaron muestras de los teji-
dos que presentaron lesiones sugerentes de tuber-
culosis. Las muestras se fijaron en formalina al 10%,
amortiguada con fosfatos, procesadas mediante la téc-



Characteristics of lesions

At necropsy, lesions were limited to LN and tracheal
serosa, where the challenge strain was inoculated.
The main change that was observed was increased
size of LN, on occasion up to double the size, soft
when touched; thin capsule surrounding the lesion,
circumscribed humid lesions, of different sizes (slight,
moderate or severe), with white-yellowish purulent
exudates (Figure 1). Serosa of trachea was thickened
and with same aspect exudates. During the bacterio-
logical study, the presence of the challenge strain (M.
bovis) was confirmed in all LN that had slight, moder-
ate or severe lesions.

Lesions found by histopathology of LN and tra-
chea serosa, were lymphadenitis and pyogranuloma-
tous serositis. LN cortex and medulla had different
size pyogranulomas, sometimes confluent, formed by
a liquefactive necrosis center, scarce mineralization,
abundant neutrophils, epithelioid cells, lymphocytes,
plasmatic cells and scarce Langhan’s type giant cells,
and very thin connective tissue surrounding the
pyogranuloma (Figure 2). Changes in serosa of the
trachea were similar. Scarce acid-alcohol-resistant
bacteria (AARB) were detected by ZN stain.

Inmunogens

At necropsy, only five animals did not show tuber-
culous lesions, these belonged to vaccinated animal
group, three came from the groups with BCG (50%);
one from the CFPE group (16.6%) and another one
from the group with CFPE/IFN-y (16.6%). All the
animals of the control group had lesions, as well as
the rest of the animals from the vaccinated groups
(Table 1).

The group with most lesions was the group with
CFPE/IFN-y, with 18 lesions (33%); nevertheless,
88.8% were slight and moderate lesions. The control
group had 16 lesions (29.6%), 93% were moderate
and severe lesions; furthermore, this group presented
66.6% of the total of severe lesions. The groups that
had fewer amounts of lesions were those immunized
with BCG and CFPE. The BCG group only had seven
lesions (12.9%), 85% of these were slight and moder-
ate, only one was severe (14%). Next was the group
inoculated with CFPE, that had 13 lesions (24%); of
these, 12 were slight and moderate (92%) and only
one was severe (7.6%) (Table 1). In relation to lesion
dissemination, lesions observed in all groups were
close to the point of entry of challenge, affecting
LN of head, neck and thorax, while lesions were not
observed in nasopharynx, lungs or abdominal cavity.

Considering the anatomical region, in most of the
groups lesions were predominant in the neck region;

nica rutinaria de inclusion en parafinay tefiidas con
hematoxilina-eosina (H-E) y Ziehl- Neelsen (ZN).**

Resultados

Los resultados de la prueba intradérmica efectuada
antes del desafio mostraron que dos animales del
grupo inmunizado con BCG fueron reactores a la
prueba; mientras que en el grupo inmunizado con
CFPE hubo un solo reactor. De acuerdo con los cri-
terios de la Norma Oficial Mexicana NOM-031-ZOO-
1995, un animal del grupo inmunizado con CFPE +
IFN-y, fue sospechoso. En tanto que en el grupo tes-
tigo un animal también fue sospechoso. Al final del
experimento los animales de los diferentes grupos
mostraron reactividad a la prueba.

En ningln animal se observaron alteracionesen la
piel en el sitio de aplicacion de los inmundgenos. Un
animal del grupo testigo, al inicio del experimento,
murié como consecuencia de un cuadro neumonico.
No se presentd mortalidad a causa del desafio.

Caracteristicas de las lesiones

A la necropsia las lesiones estuvieron confinadas en
los LNy la serosa de la traquea, donde se inocul6 la
cepa de desafio. El cambio principal fue aumento de
tamafio de los LN, en ocasiones hasta el doble de su
tamafo, suaves al tacto; al corte presentaron cép-
sula delgada, con lesiones hiimedas y circunscritas, de
diferentes tamafios (leves, moderadas o severas), con
un exudado purulento de color blanco-amarillento
(Figura 1). La serosa de la traquea estaba engro-
sada y con exudado del mismo aspecto. En el estu-
dio bacteriolégico se confirmo presencia de la cepa
de desafio(M. bovis), en todos los LN que presentaron
lesiones leves, moderadas y severas.

En la histopatologia de los LN y de la serosa de la
traquea, las lesiones consistieron en linfadenitis y sero-
sitis piogranulomatosas. En corteza y médula de LN
se observaron piogranulomas de diferentes tamafios,
a veces confluentes, constituidos por un centro de
necrosis licuefactiva, escasa mineralizacion, abundan-
tes neutrdfilos, células epitelioides, linfocitos, células
plasmaticas y escasas células gigantes tipo Langhan’s,
y un tejido conectivo muy delgado rodeando al pio-
granuloma (Figura 2). En serosa de la traquea los
cambios fueron similares. Con la tincion de ZN se
observaron escasas bacterias acido-alcohol-resistentes
(BAAR).

Inmundégenos
A la necropsia, Gnicamente cinco animales no presen-

taron lesiones tuberculosas, éstos pertenecian a los
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L ateral ngeal ganglion

Figura 1: Linfonodo de una vaca experimental (*), que mues-
tra aumento de tamafio y presencia de un exudado purulento
(flecha).

Figure 1: Experimental cow lymph node (*), that shows increased
size and presence of purulent exudate (arrow).

Figura 2: Seccion de linfonodo. Abundantes polimorfonucleares:
1) necrosis licuefactiva; 2) mineralizacion; 3) piogranuloma. Tin-
cion HE. Barra = 60 um.

Figure 2: Lymph node cross-section. Abundant polymorphonuclear
cells: 1)Liquefacted necrosis; 2) Mineralization; 3) Pyogranuloma.
Stain HE. Bar = 60 um.

Cuadro 1

LESIONES A LA NECROPSIA EN BOVINOS VACUNADOS
CONTRA TUBERCULOSIS

LESIONS FOUND AT NECROPSY IN BOVINES VACCINATED
AGAINST BOVINE TUBERCULOSIS

Degree of severity

T T T T T
Non-vaccinated 5/5 100 1/16 6 7/16 44 8/16 50 Deep cervicals
BCG 3/6 50 2/7 28 4/7 57 1/7 14 Mediastinal
Vaccinated CFPE 5/6 83 9/13 69 3/13 23 1/13 8 Deep cervicals
CFPE/IFN-y 5/6 83 11/18 61 5/18 27 2/18 11 Deep cervicals
*Slight BCG:Bacilli Calmette-Guerin
**Moderate FPE: Culture filtrate protein extract
***Severe FN-y:Interferon gamma

deep cervical LN were the most frequently affected
ones, except for the BCG group, where it was the
mediastinal LN (Table 1).

In relation to the inoculation zone, there were
lesions in three out of five non-vaccinated animals in
the trachea serosa (60%); two out of six in the group
with CFPE/IFN-y (33.3%) and there were no lesions
in BCG and CFPE groups (Tablel).
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grupos de animales vacunados, tres fueron del grupo
con BCG (50%); uno del grupo con CFPE (16.6%) vy
otro del grupo con CFPE/IFN-y (16.6%). Todos los
animales del grupo testigo presentaron lesiones, asi
como el resto de los animales de los grupos vacuna-
dos (Cuadro 1).

El grupo que presenté mayor cantidad de lesiones



Discussion

At the beginning of the experiment, the animals
seemed clinically healthy and free of tuberculosis.
During necropsy, the challenge strain produced tuber-
culous lesions in the control group animals; therefore,
the infecting dose and route were capable of produc-
ing infection in susceptible animals, without causing
their death®**%4¢ Other studies show that challenges
with M. bovis at doses of 10°-10° develop a disease with
more dissemination, involving multiple LN and large
lung lesions with an atypical behavior when compared
to what is observed under natural conditions, there-
fore, it was considered that doses of 10* CFU were
better to resemble a natural infection.*

Extension and degree of lesion severity was impor-
tant to evaluate degree of protection that was induced
by application of the different immunogens.

Lesions found during necropsy had a similar
appearance to what has been observed in experimen-
tal and field infections with M. bovis.***° Neverthe-
less, by histopathology, the main characteristic was
the presence of pyogranulomas. It has been observed
that, under experimental conditions, when inoculat-
ing bovines with M. bovis, lesions are found 30 days
after inoculation as firm nodules, and when sectioned
yellowish colored concentric laminar plates can be
observed; by histopathology characteristic granulo-
mas are observed, formed by a caseous necrosis center,
where there is a predominance of lymphocytes, mac-
rophages, epithelioid cells and Langhan’s type giant
cells. 424451 Exact origin of this type of lesion is not
clear yet, but it has been mentioned that in M. bovis
infection T 5 cells are important in the cell mediated
immune response that participate in the formation
of the granuloma, since its presence favors monocytes
recruitment to form the characteristic granuloma; in
absence of these cells polymorphonuclear cells are
recruited.® These pyogranulomas are commonly seen
in deer and other wild animals,** although they have
also been observed in bovines, in natural and experi-
mental conditions.*?44%¢

It was evident that at necropsy, animals without
tuberculous lesions came only from the three immu-
nized groups. It is also noteworthy that animals
immunized with BCG and CFPE had fewer amounts
of lesions and these mostly were slight and moderate.
Specifically, in the group immunized with BCG vac-
cine, there were three animals without lesions and
the rest of the animals of this same group had smaller
lesions, mostly slight and moderate.

The group immunized with CFPE/IFN-y, that had
the immunogen plus an immune response immu-
nomodulator, contrary to what was expected, did not
show evident synergism, since 5 animals had tubercu-

fue el grupo con CFPE/IFN-y, con 18 lesiones (33%);
sin embargo, 88.8% fueron lesiones leves y modera-
das. El grupo testigo present6o 16 lesiones (29.6%),
93% de lesiones moderadas y severas; ademas, este
grupo presentod 66.6 % del total de lesiones severas.
Los grupos que presentaron menor cantidad de lesio-
nes fueron los inmunizados con BCG y con CFPE. El
grupo con BCG presentd Unicamente siete lesiones
(12.9%), 85% de éstas fueron leves y moderadas, y
sOlo una lesion severa (14%). Le siguio el grupo ino-
culado con CFPE, que presento 13 lesiones (24%); de
éstas, 12 fueron leves y moderadas (92%) vy Unica-
mente una fue severa (7.6%) (Cuadro 1). En cuanto
a la diseminacion de las lesiones, en todos los grupos
las lesiones se observaron muy cerca del punto de
entrada de la cepa de desafio, afectando los LN de
la cabeza, cuello y térax; no se apreciaron lesiones en
nasofaringe, pulmones, ni en la cavidad abdominal.

De acuerdo con la region anatomica, en la mayoria
de los grupos las lesiones predominaron en la region
del cuello; los LN cervicales profundos fueron los
mas frecuentemente afectados, excepto en el grupo
con BCG, que fueron los LN mediastinicos (Cuadro
1).

En lo que respecta a la zona de inoculacion, en la
serosa de la traquea en los animales no vacunados,
tres de cinco presentaron lesiones (60%); en el grupo
con CFPE/IFN-y hubo dos de seis animales (33.3%)
y los grupos con BCG y con CFPE no presentaron
lesiones (Cuadrol).

Discusioén

Al inicio del experimento, los animales se mostra-
ban clinicamente sanos y libres de tuberculosis. En la
necropsia, se observo que la cepa de desafio produjo
en los animales testigos lesiones tuberculosas, por
ello la viay la dosis infectante fue capaz de producir
la infeccion en los animales susceptibles, sin causarles
la muerte.>*346 Otro estudios demuestran que desa-
fios con dosis de 10°-10° de M. bovis desarrollan una
enfermedad mas diseminada, involucrando multiples
LN y grandes lesiones en pulmén, con un compor-
tamiento atipico a lo que se observa en condiciones
naturales, por lo cual se consideré la dosis de 10
UFC para semejar una infeccion natural.*’

La extension y grado de severidad de las lesiones
para la evaluacion fue importante porque permitio
valorar el grado de proteccién que se indujo con la
aplicacion de los diferentes inmunogenos.

A la necropsia, las lesiones presentaron una apa-
riencia muy semejante a las observadas en casos expe-
rimentales y de campo infectados con M. hovis.*°
Sin embargo, en la histopatologia, la caracteristica
principal fue la presencia de piogranulomas. Se ha
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lous lesions and it was the group with the most amount
of lesions. A collateral study performed to evaluate
cytokine expression in the groups showed that this
group specifically had a higher expression of IL-10,
a cytokine recognized as cellular immunity antago-
nist. It is probable that this is the reason why these
animals had more lesions (data not shown). Neverthe-
less, lesions were mostly slight; therefore, experiments
treating younger animals should be considered.3*3*
Contrary to what happened with the control group,
where all animals had lesions, these were mostly mod-
erate to severe (Table 1).

In light of the foregoing, deep cervical LN of
all groups were the most affected in frequency and
degree of severity, and this can be attributed to the
route of challenge, since these LN drain the area close
to the inoculation site. Generally, in experiments and
field cases the most affected LN are the ones of the
thoracic cavity. >

Presence of lesions in tracheal serosa seems to be
the consequence of accidental extravasations at the
time of challenge strain inoculation, and it is not
related with the immunogens, or the unspecific local
immunity mechanisms.®

Previous studies with BCG in cattle have demon-
strated that the age of animals at the time of immu-
nization is important for better protection immunity
for this and other diseases. It has been said that the
younger animals acquire higher protection, 3345960
In this study, immunization was carried out when
the bovines were approximately 13 months old. That
could have been a factor that influenced the degree
of presence, extension and severity of the lesions in
all groups. Even though the number of animals in
the groups is small, the results are representative, con-
sidering that it is a model performed in the species of
interest, and that it was adjusted according to other
similar studies.®

It is evident that vaccination with BCG and CFPE
showed better efficacy against the presence and
development of severe lesions, extensive to different
organs. This suggests a notable degree of protection
provided by these immunogens, especially low dose
of BCG, since the immunogen avoided presentation
of tuberculous lesions in more animals observing a
tendency of LN to encapsulate mycobacteria, without
showing extensive lesions in other parts of the body
and this coincides with other experiments that have
been carried out®®? Although up until now, impor-
tant progress has been achieved in the development of
new types of vaccines against BT, in Mexico, the use of
biological products for the control of this disease has
not been authorized. Nevertheless, it is important that
BCG vaccine be considered as a tool of proven effi-
ciency that may be used to control BT, reducing the
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visto, en condiciones experimentales, que al inocu-
lar bovinos con M. bhovis, las lesiones se encuentran
desde los 30 dias después de la inoculacién, como
nodulos firmes, y al corte se pueden apreciar placas
laminares concéntricas de color amarillento; en la
histopatologia se observan granulomas caracteristi-
cos, constituidos por un centro de necrosis caseosa,
donde predominan los linfocitos, macrofagos, células
epitelioides y células gigantes tipo Langhan’s.?84%4451
El origen exacto de este tipo de lesion no esta bien
esclarecido, pero se menciona que las células T ys en
infecciones con M. bovis son importantes en la res-
puesta inmune mediada por células que participan en
la formacion del granuloma, debido a que su presen-
cia favorece el reclutamiento de monocitos que con-
forman un granuloma caracteristico; en ausencia de
estas células se reclutan polimorfonucleares.> Estos
piogranulomas se presentan comdnmente en vena-
dos y otros animales salvajes,>**® aunque también se
han observado en bovinos, en forma natural y expe-
rimental.*244%°

Resulta evidente observar que Unicamente en los
tres grupos inmunizados hubo animales que no pre-
sentaron lesiones tuberculosas en la necropsia. Tam-
bién es notorio que en los animales inmunizados con
BCG y CFPE se hall6 menor cantidad de lesiones, y
que éstas en su mayoria fueron leves y moderadas.
Particularmente se observé que en el grupo inmuni-
zado con la vacuna BCG hubo tres animales que no
presentaron lesiones, y en el resto de los animales de
este mismo grupo las lesiones fueron menores y en su
mayoria leves y moderadas.

El grupo inmunizado con CFPE/IFN-y, el cual
contenia el inmundgeno mas un inmunomodulador
de la respuesta inmune, al contrario de lo que se espe-
raba, no mostré sinergismo evidente, ya que cinco
animales presentaron lesiones tuberculosas y fue el
grupo con mayor namero de lesiones. Un estudio
colateral realizado para evaluar la expresion de cito-
cinaen los grupos mostré que especificamente en este
grupo hubo mayor expresion de IL-10, citocina reco-
nocida como antagonista de la inmunidad celular,
razon probable por la que estos animales presentaron
mayor nimero de lesiones (datos no mostrados). Sin
embargo, las lesiones fueron leves, en su mayoria, por
lo que habria que reconsiderar este tratamiento expe-
rimentando con animales mas jévenes.®*3* Al contra-
rio de lo sucedido con el grupo testigo, donde todos
los animales presentaron lesiones, pero éstas fueron
en su mayoria moderadas y severas (Cuadro 1).

Debido a que en todos los grupos los LN cervicales
profundos fueron los mas afectados en frecuencia y
grado de severidad, se le puede atribuir a la via de
desafio utilizada, ya que estos LN drenan muy cerca
del sitio donde se hizo la inoculacion. Generalmente,



economic impact of this disease and the risks of trans-
mission to the human population. This vaccine may
be useful as an alternative or complement of other
sanitary management measures, mainly in the high
prevalence zones, using it where it is economically
impossible to slaughter animals. There is an advan-
tage in that vaccinated animals can be differentiated
from animals infected with field strains of M. bovis by
IFN-y technique using certain specific antigens.®

Studies should be continued to help demonstrate
the efficiency of these and other immunogens under
natural field conditions, in face of unfettering factors,
to establish its real efficiency, since these experimen-
tal animals were not subjected to the constant stress to
which dairy cattle are exposed, such as daily milking,
consecutive birthing, crowding, and other environ-
mental factors, that tend to provoke severe immune
system depression. Also, appropriate adjuvants should
be researched to stimulate a better immune response
in bovines and increase the studies on BT immunol-
ogy in order to have clearer basis to develop better
vaccines that give appropriate protection.
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