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Concordancia de la PCR y métodos rutinarios para el diagndéstico
de tuberculosis bovina

Agreement between PCR and conventional methods for diagnosis
of bovine tuberculosis
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Abstract

Diagnosis of bovine tuberculosis (TB) was analyzed using polymerase chain reaction (PCR) in 2 groups
of animals: the first formed by 21 tuberculin reacting cattle from a TB endemic zone, and the second
by 20 tuberculin negative cattle from a TB-free zone. All 41 animals were sacrificed and post mortem
inspection, histopathology and Mycobacterium bovis culture were performed. In the first group, tuber-
culous-like lesions were found in all 21 cases by histopathology (hematoxylin-eosin), 15 of them had
compatible lesions (Ziehl-Neelsen positives) and M. boviswas cultured only in 11. Lesions were not found
in any of the animals from the second group. Histopathology showed good concordance with culture,
both for tuberculosis-like lesions (Cohen’s Kappa value, k = 0.52) as well as for compatible lesions (k
= 0.44). DNA was obtained from lymphatic nodes associated to the respiratory tract in all 41 cases. A
simple PCR directed towards the gene of the MPB70 protein was implementeg and a new nested PCR
was developed. The nested PCR detected as positives the 21 cases with tuberculous-like lesions (100%).
Both PCR methods showed good concordance with histopathology (k = 0.44-0.71), but in the case of M.
bovis culture this concordance was observed only with nested PCR (k = 0.52). Considering the compat-
ible lesions (ZN) as a confirmative diagnosis, both culture and simple PCR showed 53% of sensitivity and
88% of specificity, while the nested PCR showed 100% of sensitivity and 77% of specificity. The nested
PCR can allow the confirmation of TB diagnosis in 24 hours.

Key words: POLYMERASE CHAIN REACTION (PCR) POST MORTEM INSPECTION (PI), HISTOPATHOL-
OGY, BOVINE TUBERCULOSIS (TB), MYCOBACTERIUM BOVIS.

Resumen

Se analizé6 el diagnéstico de tuberculosis bovina (TB) usando la reacciéon en cadena de la polimerasa (PCR)
en dos grupos de animales: El primero de ellos constituido por 21 bovinos reactores a la tuberculina de una
zona endémica de TB y el segundo de 20 animales negativos a la tuberculina, de una zona libre. Los 41
animales se sacrificaron y se realizé inspeccién post mortem, histopatologia y cultivo de Mycobacterium bovis.
En el primer grupo, a la histopatologia se identificaron lesiones sugestivas de TB (hematoxilina-eosina) en
los 21 casos, 15 de ellos tenfan lesiones compatibles (Ziehl-Neelsen positivas) y sélo en 11 se aislé M. bovis.
No se encontraron lesiones en ninguno de los animales del segundo grupo. La histopatologia mostré buena
concordancia con cultivo, tanto para lesiones sugestivas (valor de Cohen’s Kappa, k = 0.52) como para lesio-
nes compatibles (k = 0.44). En los 41 casos se obtuvo ADN de nédulos linfaticos del tracto respiratorio. Se
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instrument6 un método de PCR simple dirigido contra un segmento de la secuencia que codifica para la

roteina MPB70 y se desarroll6 una nueva técnica de PCR anidada. La PCR anidada detecté como positivos
0s 21 casos con lesiones sugestivas de TB (100%). Ambos métodos de PCR mostraron buena concordancia
con histopatologia (k = 0.44-0.71), {)ero en el caso del cultivo de M. bovis ésta s6lo se observé con la PCR ani-
dada (k = 0.52). Considerando las lesiones compatibles (ZN) como diagndstico confirmativo, tanto el cultivo
como la PCR simple mostraron 53% de sensibilidad y 88% de especi cidad, mientras que la PCR anidada
mostré 100% de sensibilidad y 77% de especificidad. La PCR anidada puede permitir la confirmacién del
diagnostico de TB en 24 horas.

Palabras clave: REACCION EN CADENA DE LA POLIMERASA (PCR), INSPECCION POST MORTEM (IP),

HISTOPATOLOGiA, TUBERCULOSIS BOVINA (TB), MYCOBACTERIUM BOVIS.

Introduction

ovine tuberculosis (TB) constitutes a very
Bserious animal health problem and a risk to

public health.' The causal agent, Mycobacterium
bovis, 1s widely distributed in Mexico. At this time the
National TB Eradication Campaign (CANETB) con-
siders that the states on the northern border, with the
exception of Baja California Norte; as well as Quin-
tana Roo and Yucatan, are in eradication phase. The
rest of the national territory is considered as control
zone.?

For routine field diagnosis, the Campaign uses the
intradermal test with the purified protein derivative
(PPD) or tuberculin. Whenever a higher sensitivity
is required, such as when the prevalence is high,
the caudal fold test is applied; and in case more
specificity is required (low prevalence), then the
comparative cervical test is preferred. Nevertheless,
as with all diagnostic tests, the tuberculin test has its
glitches. The simple caudal test has a sensitivity of
72% to 91% and specificity of 78% to 96%.%* False
positive diagnosis generate economical and social
problems, since, according to the Mexican Official
Norm,” animals positive reactors to the test shall be
slaughtered.

In order to confirm infection, a postmortem inspec-
tion (PI) is performed and lesions suggestive of TB are
searched for. Tuberculous lesions found during the IP
are mainly seen in the lymph nodes (LN) associated
to the respiratory tract.® The PI is considered to be a
practical method, if it is used together with histopathol-
ogy, to identify compatible lesions with the presence of
acid-fast bacilli detected by the Ziehl-Neelsen method.>’
For a definitive diagnosis samples of the lesions are
sent to the bacteriology laboratory. Nevertheless, TB
diagnosis by culture of M. bovis represents a true bar-
rier of time, money and efforts. Due to the problems
associated with the isolation of this mycobacterium, the
possibility of confirming the TB diagnosis through the
polymerase chain reaction has been considered, using
specific oligonucleotides to amplify the DNA fragments
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Introduccion

problema de salud animal y un riesgo en la

salud publica." El agente causal, Mycobacterium
bovis, esta ampliamente distribuido en México. Actual-
mente la Campana Nacional para la Erradicacién de
TB (CANETB) considera los estados fronterizos del
norte, con excepcién de Baja California Norte, y a
Quintana Roo y Yucatan en etapa de erradicacién.
El resto del territorio nacional se considera zona en
control. *

Para el diagnéstico de rutina en campo, la
campana utiliza la prueba intradérmica con derivado
proteinico purificado (PPD) o tuberculina. Cuando
se requiere mayor sensibilidad, como en casos de alta
prevalencia, se aplicaen el pliegue caudaly parael caso
de requerir mayor especificidad (baja prevalencia), se
utiliza la doble comparativa en el cuello. No obstante,
como todas las pruebas de diagnéstico, la prueba
de tuberculina tiene fallas. La simple caudal tiene
sensibilidad de 72% al 91% y especificidad del 78%
al 96%.™" Los diagnésticos falsos positivos generan
problemas econémicos y sociales, ya que conforme a
la Norma Oficial Mexicana,’ los animales reactores
positivos a la prueba se deben sacrificar.

Para confirmar la infeccién se realiza una inspec-
cién post mortem (IP) y se buscan lesiones sugestivas de
TB. Las lesiones tuberculosas encontradas en la IP se
presentan principalmente en nédulos linfaticos (NL)
asociados al tracto respiratorio.’ La IP se considera
un método practico, si se utiliza conjuntamente con la
histopatologia, para identificar lesiones compatibles
con presencia de bacilos dcido-alcohol resistentes a la
tincién de Zihel-Neelsen.”” Para el diagndstico defini-
tivo se envian muestras de estas lesiones al laboratorio
de bacteriologia. Sin embargo, el diagnéstico de TB
mediante el cultivo de M. bovis representa una verda-
dera barrera de tiempo, dinero y esfuerzo. Debido a
los problemas asociados al aislamiento de esta mico-
bacteria, se ha considerado confirmar el diagnéstico
de TB mediante la reaccién en cadena de la polime-

l a tuberculosis bovina (TB) constituye un grave



of the genome of bacteria included in the M. tuberculo-
sis complex. PCR for the gene that codifies the MPB70
protein has shown good sensitivity and excellent spe-
cificity in the diagnosis of tuberculosis in humans and
bovines.*® A single copy of this gene has been shown
in strains of M. bovis and bacteria of the M. tuberculosis
complex, as well as its absence in 24 different other spe-
cies of mycobacteria and other bacterial genus.” Other
techniques directed towards insertion sequences (IS)
have been questioned due to their specificity as opposed
to the PCR of MPB70.""* Nevertheless, it is necessary
to instrument this technique in tissue samples, analyz-
ing its sensitivity and specificity under different epide-
miological situations. The instrumentation of a highly
sensitive and specific PCR to confirm the diagnosis of
TB would permit having the results in a few hours, as
compared to culture that usually requires months. The
objective of this study was the evaluation of PCR in two
different modalities: simple and nested. The results
were compared with the post mortem inspection (PI), his-
topathology and bacteriology culture results.

Material and methods
Study groups

This study had a first group of 21 Holstein Friesian
cows with two to five calvings, reactors to the simple
caudal tuberculin test, from a dairy farm found in
a high TB prevalence zone in the State of Mexico,
Mexico. As negative controls, a second group was
used of 20 Holstein Friesian cows with two to five
calvings, negative to the simple caudal tuberculin
test, and which came from TB free herds located in a
TB free zone in Sonora. All 41 animals in the study
were slaughtered, as part of the management process
of each farm, and for the purposes of this study, the
confirmation diagnosis for TB was performed.

PIl, histopathology and bacteriology

The animals were inspected postmortem (PI), the
following lymph nodes (LN) were examined: tra-
cheal-bronchial,  mediastinal, retropharyngeal,
submaxillary, mesenteric, hepatic, prescapular, pre-
femoral, iliac and supramammary, as well as lungs,
liver and spleen. Each one of the inspected organs was
subjected to an exhaustive macroscopic examination,
performing cuts to find lesions. Samples were taken
for histopathology and bacteriology, and they were
processed according to that which was established,
not withstanding if lesions were found or not.”"® The
samples for histopathology were fixed in a 10% form-
aldehyde in PBS solution and then were embedded
in paraffin. The histology preparations were stained

rasa (PCR), utilizando oligonucleétidos especificos
para amplificar fragmentos de ADN en el genoma de
bacterias del complejo M. tuberculosis. La PCR para
el gen que codifica la proteina MPB70 ha mostrado
buena sensibilidad y excelente especificidad en el
diagnéstico de tuberculosis en humanos y bovinos.*?
Se ha demostrado presencia de una sola copia de este
gen en cepas de M. bovis y bacterias del complejo M.
tuberculosis, asi como su ausencia en 24 especies dife-
rentes de micobacterias y en otros géneros bacteria-
nos.” Otras técnicas dirigidas contra secuencias de
insercién (IS) que han sido cuestionadas por su espe-
cificidad a diferencia de la PCR contra MPB70.'"
Sin embargo, es necesario instrumentar esta técnica
en muestras de tejido, analizando su sensibilidad y
especificidad bajo distintas situaciones epidemio-
légicas. La instrumentacién de una PCR altamente
sensible y especifica para confirmar el diagnosticé de
TB, permitiria obtener resultados en pocas horas, en
comparacién con el cultivo que requiere usualmente
meses. El objetivo del presente estudio fue evaluar la
PCR en dos distintas modalidades, simple y anidada.
Los resultados se compararon con la inspeccién post
mortem (IP), histopatologia y cultivo bacteriolégico.

Material y métodos

Grupos de estudio

En el presente estudio se utilizé un primer grupo
de 21 vacas Holstein Friesan de entre dos y cinco
partos, reactoras a la tuberculina simple caudal, de
un hato lechero ubicado en una zona de alta preva-
lencia de TB en el Estado de México. Como testigos
negativos del estudio se utiliz6 un segundo grupo
de 20 vacas Holstein Friesan de entre dos y cinco
partos, negativas a la tuberculina simple caudal, de
zona y hatos libres de TB ubicados en Sonora. Los
41 animales del estudio se sacrificaron como parte
del manejo propio de cada explotacién y para fines
del presente trabajo se realizé en todos el diagnés-
tico confirmativo de TB.

IP, histopatologia y bacteriologia

Los animales se sometieron a una IP, se examina-
ron los nédulos linfaticos (NL): traqueobronquia-
les, mediastinicos, retrofaringeos, submandibulares,
mesentéricos, hepaticos, preescapulares, prefemorales,
iliacos y supramamarios, asi como pulmones, higado
y bazo. Cada uno de los 6rganos revisados se some-
ti6 a un examen macroscépico exhaustivo, realizando
cortes para tratar de evidenciar lesiones. Se colectaron
muestras para histopatologia y bacteriologia, indepen-
dientemente de la presencia o no de lesiones se proce-
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with Hematoxylin-Eosin (HE) and Ziehl-Neelsen
(ZN). They were examined looking for lesions sug-
gestive of TB and the presence of acid-fast bacilli, in
order to identify lesions compatible with TB.” The
samples were macerated independently in mortars
with 5 ml of PBS, and with red phenol as pH indica-
tor, digested and decontaminated with 0.5 N NaOH,
neutralized with 6 N HCL and centrifuged at 3 500
gfor 20 min. The sediment, of all the tissue samples
that were processed, was cultured at 37°C in medium
for primary isolation: Stonebrink’s supplemented
with pyruvate, Milddlebrooks 7HI11, and Herrold’s
with egg yolk or Lowenstein Jensen. After that, the
colonies that were obtained were cultured again in
Proskauer-Beck with 5% equine serum to perform
the biochemical test and identify the genus and spe-
cies. The cultures without growth after three months
were considered negative.'”

Simple and nested PCR

From the LN tissue samples associated to the res-
piratory tract (tracheal-bronchial, mediastinal or
retropharyngeal) DNA was extracted, as previously
described.” Approximately 0.5 ml of each sample of
macerated tissue was transferred to a micro-centri-
fuge tube (1.9 ml), and was centrifuged at 10 000 g
during 10 minutes and the supernatant was decan-
ted. The pellet was homogeneized with 400 ul of TE
(100 mM tris-HCIL, pH 8.0, 10 mM EDTA), with 50 pl
of lisozyme (100 mg/ml) and it was incubated during
1 h at 37°C. Then 70 ul of 10% SDS were added with
6 ul of a proteinase K solution (10 mg/ml) and incu-
bated for 10 min at 65°C. Then 100 ul of 5 M NaCl
were added to each sample followed by 80 pl of a 5M
NaCl solution with 5% N-cetyl- N, N, N, - trimethyl
ammonium bromide (CTAB); this was incubated
during 10 min at 65°C. The DNA was extracted with
one volume of chloroform/ isoamylic alcohol (24:1).
The DNA was precipitated with 0.6 volumes of abso-
lute isopropanol and it was washed with 1 ml of 70%
ethanol. The DNA was re-suspended in 25 ul water
(MILI-Q) and quantified using 1:50 dilutions with a
GeneQuant IT spectrometer.” The readings were per-
formed at 260 nm and at 280 nm, to calculate the
concentration and pureness of the DNA."® Genomic
DNA, purified and homogeneized at 100 ng/ul, was
visualized by means of electrophoresis in a 0.7% agar
gel stained with 0.005% ethidium bromide, run at
120 volts during 50 minutes. The gels were observed
in a UV transilluminator”™ and were photographed
with an instant camera.”™

The PCR reactions were made in a final volume of
20 ul. The PCR mix had a final concentration of 10
mM of tris-HCI (pH 8.3); 50 mM of KCI; 250 uM of
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saron conforme a lo establecido.”" Las muestras para
histopatologia se fijaron en solucién de formaldehido
al 10% en PBS y se incluyeron en parafina. Los cortes
histolégicos se tifieron con hematoxilina-eosina (HE) y
Ziehl-Neelsen (ZN). Las preparaciones se examinaron
para detectar lesiones sugestivas de TB y la presencia
de bacilos acido-alcohol resistentes, para identificar
lesiones compatibles con TB.” Las muestras fueron
maceradas de manera independiente, en morteros con
5 ml de PBS, con rojo de phenol como indicador de
pH, digeridas y decontaminadas con 0.5 N de NaOH,
neutralizadas con 6 N de HCL y centrifugadas a 3 500
X g por 20 min. El sedimento de todas las muestras
de tejidos procesados se cultivaron a 37°C en medios
para primoaislamiento: Stonebrink’s suplementado
con piruvato, Milddlebrooks 7H11, y Herrold’s con
yema de huevo o Lowenstein Jensen. Posteriormente
las colonias obtenidas se resembraron en medio Pros-
kauer-Beck con 5% de suero equino para realizar
pruebas bioquimicas e identificar género y especie.
Los cultivos sin crecimiento después de tres meses se
consideraron negativos."

PCR simple y PCR anidada

A partir de muestras de tejido de NL asociados al
tracto respiratorio (traqueobronquiales, mediastini-
cos o retrofaringeos) se extrajo ADN, como se des-
cribi6 previamente.® Aproximadamente 0.5 ml de
cada muestra de tejido macerado se transfirié a un
tubo para microcentrifuga (1.9 ml), se centrifugé a
10 000 X g durante diez minutos y se decanté el
sobrenadante. La pastilla se homogenizé con 400 ul
de TE (100 mM tris-HCI, pH 8.0, 10 mM EDTA),
con 50 pl de lisozima (100 mg/ml) y se incub6 1 h a
37°C. Se agregaron 70 ul de SDS al 10% y 6 ul de
una solucién de proteinasa K (10 mg/ml) y se incubé
10 min a 65°C. Se agregaron 100 ul de NaCl 5 M a
cada muestra y posteriormente 80 pl de una solu-
cién de NaCl 5M con 5% de N-cetyl- N, N, N, - tri-
metyl bromuro de amonio (CTAB) y se incubé 10
min a 65°C. El ADN se extrajo con un volumen de
cloroformo/alcohol isoamilico (24:1). El ADN se pre-
cipité con 0.6 volimenes de isopropanol absoluto y
se lavé con 1 ml de etanol al 70%. E1 ADN resuspen-
dido en 25 pl agua (MILI-Q) se cuantificé utilizando
diluciones 1:50, con un espectrémetro GeneQuant
I1." Las lecturas se realizaron a 260 nm y a 280 nm,
para calcular la concentracién y pureza del ADN.'
E1 ADN genémico purificado y homogenizado a 100
ng/ul se visualiz6 mediante electroforesis en geles
de agarosa al 0.7% y 0.005% de bromuro de etidio,
a 120 volts durante 50 minutos. Los geles se obser-

*Gibco BRL.



each dN'TP; 0.4 uM of each oligonucleotide; 0.5 U. of
Taq polymerase,” 1% of triton; 0.15mg/ml of bovine
serum albumin and 500 ng of DNA. The programs
were carried out in a Gene Amp PCR system 2400 and
the PCR products were analyzed in 3% agar gels.

In order to discard the presence of PCR inhibi-
tors and to show the viability of the DNA, a control
PCR was performed with specific oligonucleoti-
des for amplification of a 375 base-pair fragment
(bp) of the cyb gene, which codifies cytochrome b
(CYB1 5’ CCATCC AAC ATC TCA GCATGA TGA
AA 3 and CYB2 5 GCC CCT CAG AAT GAT ATT
TGT CCT CA 3’; 24 cycles of 94°C for 307, 58°C for
307, and 72°C for 30”’) in the bovine mitochondrial
DNA. (Figure 1)." Once the DNA samples were opti-
mized for PCR amplification, the simple PCR was
executed for diagnosis of TB, by amplifying a 372
bp segment of the MPB70 gene of the M. tuberculosis
bacteria complex'®*’ according to what was repor-
ted (TBIF 5° GAA CAA TCC GGA GTT GAC AA
3> and TBIR 5’ TAC ATG ATT GAC AGC GTG CT
3’; 24 cycles of 94°C for 45”7, 60°C for 30", and 72°C
for 1).*? After that, a tenth of the product obtai-
ned from the previous reaction was used to amplify
a 208 bp fragment, within the 372 bp region, of
the MPB70 gene by means of a nested PCR with
the oligonucleotides designed for this work (M22/3
5 GCT GAC GGC TGC ACT GTC GGGC 3’ and
M22/4 5 CGT TGG CCG GGC TGG TTT GGC C
3’; 35 cycles of 94°C for 30 and 1" at 72°C), using
the same associative and extensive temperatures.

Statistics

The Cohen’s Kappa (k =) coefficients were
estimated to determine the concordance between the
implemented tests. The values k < 0.04, 0.40 to 0.75,
and > 0.75, indicate insufficient, good and excellent
concordance respectively.”’ The real prevalence was
estimated with the total of true positives (TP) + false
negatives (FN) + true positives (TP) + false negatives
(FN) + total true negatives (TN) + false positive
(FP). The sensitivity was estimated with TP + TP
+ FN and the specificity with TN + TN + FP. The
positive predictive value (PPV) was estimated as the
result of TP + TP + FP and the negative predictive
value (NPV) as the result of TN = TN + FN.*

Results

Visible lesions were found during PI in 19 cases of the
first group of 21 animals that came from a high TB
prevalence zone, in the other two, lesions were only
detected by histopathology (Table 1). The lesions were
found in tracheal-bronchial and mediastinal lymph

varon en un transiluminador” y se fotografiaron con
una cdmara instantanea.”

Las reacciones de PCR se hicieron en un volumen
final de 20 ul. La mezcla de PCR contenia una con-
centracién final 10 mM de tris-HCI (pH 8.3); 50 mM
de KCI; 250 uM final de cada dNTP; 0.4 uM de cada
oligonucleétido; 0.5 U. de Taq polimerasa,” 1% de
triton; 0.15mg/ml de albamina sérica bovina y 500
ng de ADN. Los programas se llevaron a cabo en el
Gene Amp PCR system 2400” y los productos de PCR
se analizaron en geles de agarosa al 3%.

Para descartar la presencia de inhibidores de la
PCRy demostrar la viabilidad del ADN se realiz6 una
PCR control con oligonucleétidos especificos para
amplificar un fragmento de 375 pares de bases (pb)
del gen cyb, que codifica el citocromo b (CYB1 5° CCA
TCCAACATCTCAGCATGATGAAA3 yCYB2 5
GCC CCT CAG AAT GAT ATT TGT CCT CA 3’ 24
ciclos de 30” a 94°C, 30” a 58°C, 30” 72°C) en el ADN
mitocondrial del bovino (Figura 1)."” Una vez opti-
mizadas las muestras de ADN para la amplificacién
por PCR se realiz6 la PCR simple para el diagnéstico
de TB, mediante la amplificacién de un segmento de
372 pb del gen MPB70 de las bacterias del complejo
M. tuberculosis,'®™ conforme a lo reportado (TBIF
5 GAA CAA TCC GGA GTT GAC AA 3’y TBIR &
TAC ATG ATT GAC AGC GTG CT 3 24 ciclos de
45” a 94°C, 30” a 60°C, 1’ a 72°C).®° Posteriormente,
utilizando una décima parte del producto obtenido
en la reaccién anterior se procedié a la amplificacién
de un fragmento de 208 pb del gen MPB70, dentro
de la regién de 372 pb, mediante una PCR anidada
con los oligonucleétidos diseniados para este trabajo
(M22/3 5 GCT GAC GGC TGC ACT GTC GGGC 8
y M22/4 5 CGT TGG CCG GGC TGG TTT GGC C
3’ 35 ciclos de 30” a 94°Cy I’ a 72°C)," utilizando una
misma temperatura de re-asociacién y extension.

Estadistica

Se calcularon los coeficientes de Cohen’s Kappa (k=)
para determinar la concordancia entre las pruebas
implementadas. Los valores de k < 0.04, de 040 a
0.75y > 0.75, indican insuficiente, buena y excelente
concordancia, respectivamente.”' La prevalencia real
se calcul6 con el total de positivos verdaderos (PV) +
falsos negativos (FN) =+ positivos verdaderos (PV) +
falsos negativos (FN) + total de negativos verdaderos
(NV) + falsos positivos (FP). La sensibilidad se cal-
culé con PV + PV + FNy la especificidad con NV +

:;Stratagene.
**Polaroid.
Perkin Elmer.
" GENBANK Acceso: M37840
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Cuadro 1

BREVE DESCRIPCION DE LESIONS ENCONTRADAS Y RESULTADOS DE LAS PRUEBAS PARA
EL DIAGNOSTICO DE TUBERCULOSIS, EN BOVINES REACTORS A LA TUBERCULINA
SIMPLE CAUDAL
BRIEF DESCRIPTION OF FOUND LESIONS AND RESULTS OF THE TUBERCULOSIS DIAGNOSTIC
TESTS, IN CATTLE REACTORS TO THE SIMPLE CAUDAL TUBERCULIN TEST.

HISTOLOGY PCR
Animal LN:Lesion MGL P HE ZN Cultivo Simple Nested
Num Degree
1 SLM 1 - + - + - +
2 Tr:2,M:2 I, 11 + + - + +
3 Tr:3,M:3 I, 11 + + - - - +
4 Tr:3,M:3 111 + + - - + +
5 Tr:3,M:3 111 + + - + + +
6 Tr:3,M:3 111 + + - + - +
7 SLM I 11, III - + + - - +
8 R:2 I, 10 + + + - - +
9 Tr:2,M:2 LI + + + + - +
10 Tr:3,M:3 LI + + + - - +
11 Tr:3,M:3 LI + + + + + +
12 Tr:1,M:3 I, III + + + + + +
13 Tr:2,M:3 I, III + + + + + +
14 Tr:2,M:2 I, 11 + + + - + +
15 Tr:2,M:1 I, I + + + - + +
16 Tr:2,M:2 111 + + + - + +
17 Tr:1,M:1 11 + + + + - +
18 Tr:1,M:1 11 + + + - + +
19 Tr:2,M:1 11 + + + + - +
20 Tr:1,M:2, :3 L 1I1, 110 + + + + + +
21 Tr:2,M:1,r:3 111 + + + + - +
T- 2 0 6 10 10 0
% 10 0 29 48 48 0
T+ 19 21 15 11 11 21
% 90 100 71 52 52 100

LN: Lymph node: Tr Tracheal-bronchial; M: Mediastinal; R: Retropharyngeal

WML: Without macroscopic lesions

1, 1 or 2 lesions < 5mm in diameter

2, Up to 5 lesions between 6 and 10 mm in diameter
3, more than 5 lesions > 1 ¢cm in diameter

MGL Multifocal granulomatous lymphadenitis

1. Without fibrosis or necrosis; II. Moderate; 111, Extensive
PI Postmortem inspection

HE Hematoxylin-Eosin

ZN Ziehl Neelsen

T+ Total positive animals

T- Total negative animals

nodes in 18 cases (85.7%); two of them also presented
lesions in the retropharyngeal nodes. In total, 71.4%
of the animals had lesions compatible with TB, ZN
positives (15/21) and in 52.4% (11/21) M. bovis was iso-
lated. In all the lesions by histopathology (HE) mul-
tifocal granulomatous lymphadenitis was observed.
For the purpose of this work, the ones that were cir-
cumscribed by a thick fibrous capsule with extensive
central necrosis and mineralization were considered
as type III granuloma; type II were the ones where
fibrosis, necrosis and moderate mineralization were
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NV + FP. El valor predictivo positivo (VPP) se calculé
con el total de PV + PV + FP y el valor predictivo
negativo (VPN) con el total de NV + NV + FN.*

Resultados

En el primer grupo de 21 animales provenientes de
una zona de alta prevalencia de TB, se identificaron
lesiones tuberculosas visibles a la IP en 19 casos y en
los dos restantes inicamente, detectados por histo-
patologia (Cuadro 1). Las lesiones se encontraron en



found, and as type I those which did not have evident
capsule, necrosis or fibrosis. The predominant cells
were macrophages, epithelioid cells, giant cells, lym-
phocytes, some plasmatic cells and degraded neutro-
phils. In the PI of LN a yellow-white, dry and grainy
caseous exudate was found in 18 cases corresponding
to type III granuloma (Table 1). The second group
of animals, considered as the negative control group,
did not have lesions observed during slaughter and
resulted negative to the confirmatory tests.

By simple PCR a 372 bp band of the MPB70 gene
was amplified in 11 animals (Table 1) of the first
group, all of them had tuberculous lesions, eight
had compatible lesions (ZN) and five had M. bovis
cultured. Using nested PCR the 208 bp fragment of
the MPB70 gene was amplified in the 21 animals of
the first group. With the samples of the animals of

NL traqueobronquiales y mediastinicos en 18 casos
(85.7%) dos de ellos ademds presentaron lesiones en
NL retrofaringeos. El 71.4% de los animales tenian
lesiones compatibles con TB, ZN positivas (15/21) y en
el 52.4% se aislo M. bovis (11/21). En todas las lesiones
ala histopatologia (HE) se observé linfadenitis granu-
lomatosa multifocal y para este trabajo se considera-
ron como granulomas tipo III aquellas circunscritas
por una capsula fibrosa gruesa, con necrosis central
extensa y mineralizacién, tipo II en las que se encon-
tré fibrosis, necrosis y mineralizacién moderada y
como tipo I aquellas sin capsula, necrosis o fibrosis
evidentes. Las células predominantes eran macréfa-
gos, células epiteloides, células gigantes, linfocitos,
algunas células plasmadticas y neutréfilos degrada-
dos. A la IP de NL se encontr6 exudado caseoso de
color blanco-amarillento, seco y arenoso en 18 casos

6 7 9 10 11 12

Figura 1. PCR testigo en muestras de tejido. Lineas 1-11. Productos de la amplificacién con los oligonucleétidos (cybl y2)
utilizando ADN extraido de muestras de tejido macerado de nédulos linfaticos de bovinos. Linea 12. Testigo negativo de la
reaccion donde se omitié el ADN. Se observa una banda de 375 pb correspondiente al gen cyb de la mitocondria del bovino.
M. Marcador de peso molecular expresado en pares de bases.

PCR control in tissue samples. Lines 1-11. Products of amplification with the oligonucleotides (cybl and 2) using DNA extracted
from macerated tissue samples of bovine lymph nodes. Line 12. Negative control of the reaction where DNA was omitted. A
375 pb band is observed, corresponding to the cyb gene of the bovine mitochondria. M. Molecular weight marker expressed
in base pairs.

M 1 2 3 4 5 6 7 8 9 10 11 12

Figura 2. Resultados de la PCR anidada en muestras de tejido para el diagnéstico de la tuberculosis bovina. Lineas 1-6
Bovinos reactores a la tuberculina, 7-8 bovinos sanos, libres de TB. Productos de la amplificacion con los oligonucleé6tidos
M22/3y M22/4 (208 pb) utilizando ADN extraido de muestras de tejido macerado; linea 9, ADN de M. tuberculosis cepa H37Rv;
linea 10, ADN de M. bovis cepa ANS5; linea 11, ADN de M. avium cepa D4. Linea 12. Testigo negativo de la reaccién donde se
omitié el ADN. M. Marcador de peso molecular.

Results of the nested PCR in tissue samples for the diagnosis of bovine tuberculosis. Lines 1-6 Tuberculin reactor bovines, 7-8
TB free, healthy bovines. Products of the amplification with oligonucleotides M22/3 and M22/4 (208 pb) using DNA extracted
from macerated tissue samples; line 9, DNA of M. tuberculosis strain H37Rv; line 10, DNA of M. bovis strain AN5; line 11, DNA
of M. avium strain D4. Line 12. Negative reaction control where DNA was omitted. M. Molecular weight marker.
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the second group there was no amplification in any of
the PCR’s. In both PCR procedures, amplification was
observed in the positive controls used: genomic DNA
of the strains AN5 of M. bovis (Figure 2, line 10) and
H37Rv of M. tuberculosis (line 11) cultured in vitro. In
the same manner, amplification was not observed with
DNA of M. avium strain D4 (line 12) or when the DNA
was omitted (line 13), corroborating the specificity of
the test. Whenever M. bovis AN5 DNA was used, a 12.5
fg sensitivity was shown with the simple PCR, and of 2.5
fg with nested PCR (Figure 3). Approximately 10% of
the DNA samples had PCR inhibitors, in light of the fact
that there was no amplification of the 375 bp product of
the cyb gene (Figure 1) on the first try. These samples
were optimized by making a 1:10 dilution with water
and then the diagnostic PCR was performed.

Cohen’s Kappa values for concordance between
simple PCR with the culture of M. bovis, and the pres-
ence of compatible lesions (ZN) by histopathology
were k = 0.26 and k = 0.44, respectively. While for the
nested PCR these same values were k = 0.52 and k =
0.71. The concordance between the culture and histo-
pathology of suggestive lesions (HE) was k = 0.52, and
of compatible lesions (ZN) was k = 0.44. Taking into
account these results, the identification of compatible
lesions (ZN) was considered to be confirmative diag-
nosis to estimate sensitivity and specificity of the PCR
tests. Simple PCR showed a sensitivity of 53% and a
specificity of 58%, while for the nested PCR these
values were 100% and 77%, respectively. Also, with
the purpose of analysis the 41 animals were consid-
ered as a simulated population with a real estimated
prevalence of 37%. The predictive negative (PNV) and
positive (PPV) values for culture and the simple PCR
were 77% and 73%, respectively. Nested PCR showed
a PNV of 100% and a PPV of 71%.

correspondientes a granulomas tipo III (Cuadro 1).
El segundo grupo de animales considerados como
testigos negativos no tenian lesiones al sacrificio y
resultaron negativos a las pruebas confirmatorias.

Mediante PCR simple se amplific6 la banda de
372 pb del gen MPB70 en 11 animales (Cuadro 1)
del primer grupo, todos ellos con lesiones tubercu-
losas, ocho con lesiones compatibles (ZN) y cinco
con cultivo de M. bovis. Utilizando la PCR anidada
se amplificé el fragmento de 208 pb del gen MPB70
en los 21 animales del primer grupo. Con las mues-
tras de los animales del segundo grupo no hubo
amplificacién en ninguna de las PCR. En ambos
procedimientos de PCR se observé amplificacién
de los testigos positivos utilizados: ADN genémico
de las cepas AN5 de M. bovis (Figura 2, linea 10)
y H37Rv de M. tuberculosis (linea 11) cultivados in
vitro. Asimismo, no se observo la amplificacién con
ADN de M. avium cepa D4 (linea 12) o cuando se
omitié el ADN (linea 13), corroborando la especi-
ficidad de la prueba. Utilizando ADN de M. bovis
AND5 se demostré una sensibilidad de 12.5 fg con la
PCR simple, y de 2.5 fg con la PCR anidada (Figura
3). Aproximadamente, 10% de las muestras de
ADN tenian inhibidores de la PCR, en vista de que
no se amplificé6 de primera instancia el producto
de 375 pb del gen cyb (Figura 1). Estas muestras se
optimizaron mediante una dilucién 1:10 con agua
y se procedié con la PCR de diagnéstico.

Los valores de Cohen’s Kappa para la concor-
dancia entre la PCR simple con el cultivo de M.
bovis, y la presencia de lesiones compatibles (ZN) a
la histopatologia, fueron k = 0.26 y k = 0.44, res-
pectivamente. Mientras que para la PCR anidada
estos mismos valores fueron de k = 0.52 y k = 0.71.
La concordancia entre el cultivo y la histopatolo-

= 372 pb

5 500 50 25 125 5 25

208 pb

12510 756 5 25 1 05

Figura 3. Sensibilidad de la PCR simple y anidada para el diagnéstico de la tuberculosis bovina. Estimacion de la sensibi-
lidad para la PCR utilizando ADN gendémico de la biomasa del cultivo de M. bovis cepa ANS5, a distintas concentraciones.
Panel A. Para la PCR simple se amplificé un segmento de 372 pb del gen MPB70 del complejo M. tuberculosis, empleando los
oligonucleétidos TB F y TB R. Panel B. Para la PCR anidada se reamplificé a partir de una décima parte del producto de la PCR
simple, un segmento de 208 pb con los oligonucle6tidos M22/3 y M22/4. M. Marcador de peso molecular.

Sensitivity of simple and nested PCR for the diagnosis of bovine tuberculosis. Estimate of the sensitivity for PCR using genomic
DNA from the culture biomass of M. bovis strain ANS5, at different concentrations. Panel A. For the simple PCR a segment of
372 pb of the gene MPB70 of the M. Tuberculosis complex was amplified using the oligonucleotides TB F and TB R. Panel B.
For nested PCR a segment of 208 pb with the oligonucleotides M22/3 and M22/4 was amplified from a tenth of the product of

the simple PCR. M. Molecular weight marker.
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Discussion

This study was performed with 21 dairy cattle from
a herd with a high TB prevalence and it included 20
TB-free animals as healthy controls. All the animals
included were slaughtered due to reasons detached
from the project and were subjected to the PI with the
purpose of comparing the efficiency of the diagnos-
tic tests that were performed. The 21 animals of the
infected herd had TB suggestive lesions (HE), 71.4%
compatibles (ZN), but only 52.4% were confirmed by
isolation of M. bovis. The culture of M. bovis is the
optimal procedure for the definitive diagnosis of
TB; nevertheless, it requires a lot of time, equipment
and qualified personnel and there is a possibility of
obtaining false positive results.”>* The low sensitivity
of culture, as observed in this work and other previ-
ous ones,”" is due, amongst other causes, to the scar-
city of viable or culturable microorganisms in chronic
lesions.? The extensive fibrosis, necrosis and miner-
alization observed in the vast majority of the cases
indicate to a great extent the measure of how chronic
were the found lesions. Two animals without visible
lesions showed lesions only by histopathology, and
this underlines the importance of considering this
technique to detect and characterize lesions,*»***
as well as to differentiate other etiologies that pro-
duce granulomatous lesions, such as actinobacillosis
and actinomycosis, amongst others.”” Because of the
above cited, once the isolation of M. bovis is confirmed
in a herd, IP and histopathology have been suggested
instead as routine procedures, to confirm the diag-
nosis in reactor cattle.”” The concordance obtained
between histopathology and culture in this work
suggests that it is useful for a definitive diagnosis in
herds where there is high prevalence, as well as for
the evaluation of other diagnostic tests.*

At the present time the diagnostic tests have been
enriched with the development of the PCR technique.
Specifically, it is possible to identify M. bovis without
requiring a previous culture. For the instrumenta-
tion of this test, it is possible to begin with any bio-
logical sample, achieving important sensitivity and
specificity in the diagnosis of tuberculosis, as has
been shown in humans and bovines.**'" The use of
molecular tests permits the identification of specific
sequences of the M. tuberculosis complex, including M.
bovis. One of them corresponds to the gene that codi-
fies the secretion MPB70 protein, the most abundant
antigen found in culture supernatants of vaccine and
virulent strains of M. bovis.'"™'***** MPB70 stimulates
the immune cell (Thl type) and humoral response
during the infection in bovines and humans.”** By
virtue of the specificity of the MPB70 antigen and
the previous description of the oligonucleotides (TB1

gia de lesiones sugestivas (HE) fue de k = 0.52, y de
lesiones compatibles (ZN) de k = 0.44. Teniendo en
cuenta estos resultados, se consideré la identificaciéon
de lesiones compatibles (ZN) como el diagnéstico
confirmativo para calcular la sensibilidad y especifi-
cidad de las pruebas de PCR. La PCR simple mostré
una sensibilidad del 53% y una especificidad de 58%,
mientras que para la PCR anidada estos valores
fueron del 100%y 77%, respectivamente. Asimismo,
con fines analiticos se consideré6 a los 41 animales de
estudio como una poblacién simulada, con preva-
lencia real calculada de 37%. Los valores predictivos
negativo (VPN) y positivos (VPP) para el cultivo y la
PCR simple fueron del 77% y 73%, respectivamente.
La PCR anidada mostré un VPN del 100% y un VPP
del 71%.

Discusion

El presente estudio se realiz6 con 21 bovinos lecheros
de un hato con alta prevalencia de TB y se incluyeron
20 testigos sanos, libres de TB. Todos los animales
incluidos se sacrificaron por razones ajenas al pro-
yecto y se sometieron a una IP con el propésito de
comparar la eficiencia de las pruebas de diagndstico
realizadas. Los 21 animales del hato infectado tenian
lesiones sugestivas de TB (HE), 71.4% compatibles
(ZN), pero Gnicamente 52.4% confirmadas por ais-
lamiento de M. bovis. El cultivo de M. bovis es el pro-
cedimiento optimo para el diagndstico definitivo de
TB. Sin embargo, requiere de mucho tiempo, equipo
y personal calificado y se pueden obtener resultados
falsos positivos.** La poca sensibilidad del cultivo
observada en este trabajo y en otros previos,” se
debe entre otras causas a la escasez de microorga-
nismos viables o cultivables en las lesiones crénicas.”
La extensa fibrosis, necrosis y mineralizacién obser-
vadas en la gran mayoria de los casos indica en buena
medida esta cronicidad en las lesiones encontradas.
Dos animales sin lesiones visibles presentaron lesio-
nes Gnicamente a la histopatologia, lo cual sefiala la
importancia de considerar esta técnica para detectar
y caracterizar lesiones,”**"*® asi como para diferen-
ciar otras etiologias que producen lesiones granulo-
matosas, como son actinobacilosis y actinomicosis,
entre otras.?” Por lo anterior, una vez confirmado
el aislamiento de M. bovis en un hato, en su lugar se
ha sugerido como procedimientos de rutina la IP e
histopatologia, para confirmar el diagnéstico en
bovinos reactores.”” La concordancia obtenida entre
la histopatologia y el cultivo en este trabajo sugiere
su utilidad para el diagnéstico definitivo en hatos de
alta prevalencia, asi como para evaluar otras pruebas
de diagnostico.”

Actualmente las pruebas de diagndstico se han
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and TB2) to amplify the gene segment,*” this method
was considered to confirm the TB diagnosis in tissue
samples. The instrumented simple PCR showed a low
sensitivity (53%), even in almost all of the detected
animals more than one tissue sample was used for the
execution of the technique (LN: tracheal-bronchial,
mediastinal or retropharyngeal). Nevertheless, the
specificity was 88%, since eight identified animals had
compatible lesions (ZN). Similar results have been
obtained in previous works.”** In this study, specific
oligonucleotides were designed to amplify a central
region (208 bp) contained in the sequence amplified
by simple PCR (nested PCR). The technique that was
developed allowed to increase the sensitivity of the
diagnosis, achieving an amplification of a specific
sequence of MPB70 beginning with, approximately
half genome of M. bovis (2.5 fg). These results agree
with other studies in which with the use of nested
PCR, the amplification of even less than one genome
of the mycobacteria is achieved."

As it is commonly observed with other diagnostic
tests, the specificity (77%) diminished inversely to the
increase of sensitivity, since of the 21 animals that
were positive to nested PCR only 15 had compatible
lesions (ZN).**** Not withstanding this, this tech-
nique allowed to identify 100% of the 1B suggestive
granulomatous lesions (HE), under maximum strin-
gency conditions (association and extension at 72°C).
In view of the fact that 21 animals were reactive to
tuberculin, the epidemiological condition of the zone
and the confirmation of TB in the herd of origin, it
is possible to suggest that the presence of acid fast
bacilli is unobserved by the ZN stain (false nega-
tives), due amongst other causes, to the low amount
of mycobacteria present in tuberculous lesions. ** *>%

The good concordance of nested PCR with the
culture of M. bovis, as well as with the identification of
tuberculosis compatible and suggestive lesions (ZN)
allows to suggest its use to confirm the diagnosis of
TB. The use of PCR tests for the confirmatory diag-
nosis of TB allows to increase the sensitivity, which is
extremely important for the control of the disease.
The execution of the nested PCR towards a single
copy of the gene that codifies for the MPB70 antigen,
under maximum stringency conditions, permits to
the reach high specificity in the diagnosis of TB. As
part of the diagnostic PCR and avoid false negatives,
the amplification of the mitochondrial cyb gene may
be instrumented in the processed samples.

The sensitivity and specificity of the nested PCR
developed in this work would allow to confirm the
TB diagnosis in 24 hours. The instrumentation of
alternative tests should be established according to
the diagnostic needs in the different epidemiological
situations.
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enriquecido con el desarrollo de la técnica de PCR.
En particular, es posible la identificacién de M. bovis
sin requerir del cultivo previo. Para la instrumen-
tacién de esta prueba, se puede partir de cualquier
muestra biolégica, logridndose importante sensi-
bilidad y especificidad para el diagndstico de la
tuberculosis, como se ha demostrado en humanos
y bovinos.**!'" El uso de pruebas moleculares per-
mite identificar secuencias especificas del complejo
M. tuberculosis, incluyendo a M. bovis. Una de ellas
corresponde al gen que codifica para la proteina
de secrecion MPB70, el antigeno mdas abundante
en sobrenadantes de cultivo de cepas vacunales y
virulentas de M. bovis.'™'***%" MPB70 estimula las
respuestas inmune celular (tipo Thl) y humoral
durante la infeccién en bovinos, y humanos.”™ En
virtud de la especificidad del antigeno MPB70 y a la
descripcién previa de oligonucleétidos (TB1 y TB2)
para amplificar un segmento del gen,** se consideré
este método para confirmar el diagnéstico de TB
en muestras de tejido. La PCR simple implementada
mostré una sensibilidad baja (53%), aun cuando en
casi todos los animales detectados se utiliz6 mas
de una muestra de tejido para la realizacién de la
técnica (NL: traqueobronquiales, mediastinicos o
retrofaringeos). Sin embargo, la especificidad fue
del 88%, ya que ocho animales identificados tenian
lesiones compatibles (ZN). Resultados similares se
han obtenido en trabajos previos.”*® En este tra-
bajo se disenaron oligonucleétidos especificos para
amplificar una regién central (208 pb) contenida en
la secuencia amplificada por PCR simple (PCR ani-
dada). La técnica desarrollada permitié aumentar
la sensibilidad del diagnéstico, lograndose ampli-
ficar la secuencia especifica de MPB70 a partir de,
aproximadamente, medio genoma de M. bovis (2.5
fg). Estos resultados concuerdan con estudios que
utilizan la PCR anidada, logrando amplificar hasta
menos de un genoma de la micobacteria."

Como se observa cominmente con otras prue-
bas de diagnéstico, la especificidad disminuyé (77%)
de manera inversa al aumento de la sensibilidad, ya
que de los 21 animales positivos a PCR anidada s6lo
15 tenia lesiones compatibles (ZN).*** No obstante,
esta técnica permitié identificar al 100% de lesiones
granulomatosas sugestivas de TB (HE), bajo condi-
ciones de maxima rigidez (reasociacién y extensiéon
a 72°C). En virtud de la reactividad de los 21 anima-
les a tuberculina, la condicién epidemiolégica de la
zona y la confirmacién de TB en el hato de origen,
es posible sugerir que la presencia de bacilos acido
alcohol resistentes pasa desapercibida a la tincién de
ZN (falsos negativos), debido entre otras causas a la
poca cantidad de micobacterias presentes en lesiones
tuberculosas.”* >
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