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Abstract

A study was conducted to analyze winter diet of Mearns quail (Cyrtonyx montezumae) in the northwestern
region of the State of Mexico. Fourteen guails were collected during 1999-2000 winter season and their
crops were analyzed. The volume and dry matter (DM) of each food item was determined by conven-
tional procedures. Bulbs of Oxalis alpino were the main feed with 61.43% of dry matter (DM) followed
by legume seeds (22.94%), corn grain (10.76%), wheat seed (4.71%), and inorganic matter (0.15%). Since
Oxalis was also one of the main plant species in the Montezuma quail’s habitat, nutrient concentration
was analyzed. Bulbs had a mean composition of 93.7% DM, 92.6% organic matter, 6.82% fat, 6.92%
crude protein, 49.61% neutral detergent fiber and 41.52% acid detergent fiber. With the exception of
arginine, essential amino acid concentration (mg/g protein) was low (serine 20.2; istidine 10.2; glycine
22.3; threonine 18.2; arginine 90.0; methionine 15.5; valine 6.6; phenylalanine 10.5; isoleucine 17.3;
leucine 20.4; and lysine 16.9). These results indicate that the Oxalis bulb is an important energetic
source with low quality protein. During the winter, legumes provided essential amino acids. Oxalis bio-
mass varied from 0.75 to 5.00 g/m* in sampled plots. This study confirms the importance of Oxalis bulbs
in the winter in the State of Mexico as the main feed source for Montezuma quail.
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Resumen

Se realiz6 un estudio para analizar la dieta invernal de la codorniz Moctezuma (Cyrtonyx montezumae)
en la regién noroeste del Estado de México. Se recolectaron 14 buches de codorniz durante el invierno
1999-2000. Se determiné el volumen y la materia seca (MS) de cada alimento por procedimientos con-
vencionales. Los bulbos de Oxalis alpino constituyeron el principal alimento (61.43% de la MS), seguido
de semillas de leguminosas (22.94%?), grano de maiz (10.76%), semillas de trigo (4.71%) y materia inor-
ganica (0.15%). La concentracién de nutrimentos se determiné en el Oxalis. Los bulbos tuvieron una
composicion media de MS, 93.7%; MO, 92.6%; grasa, 6.82%; proteina cruda, 6.92%; FDN, 49.61%; y
FDA, 41.52%. Con excepcién de arginina, la concentracion de aminoacidos esenciales (mg/g proteina)
fue baja (serina, 20.2; histidina, 10.2; glicina, 22.3; treonina, 18.2; arginina, 90.0; metionina, 15.5;
valina, 6.6; fenilalanina, 10.5; isoleucina, 17.3; leucina, 20.4; y lisina, 16.9). Los resultados indican que
el bulbo de Oxalis es un ingrediente energético importante con bajo contenido de proteina. Durante el
invierno, las leguminosas suministran aminodcidos esenciales. La disponibilidad de Oxalis varié de 0.75
a 5.00 g MS/m* de biomasa en las parcelas muestreadas. Este estudio confirma la importancia de los
bulbos de Oxalis en la dieta invernal de la codorniz Moctezuma en el Estado de México.
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Introduction

he knowledge of wildlife nutrition is an impor-

tant matter in ecology and management, to

understand survival and productivity of wild-
life populations,' as well as to estimate the nutritional
carrying capacity.” Montezuma quail is fed mainly of
a type of bulb (Oxalis) and tubers.Another food group
includeds in its diet is lupinus and graminaeous seeds
as the Paspalum sp ** and depending on the season of
the year, its diet may include acorns and insects.’

In the State of Mexico, it has been reported a quail
populational density of 0.0466 quails/ha in the forest
stratum and 0.00089 quails/ha in the rangeland stra-
tum,’ which can be considered low. It is important to
point out that in Mexico there are not existent reports
of the characteristics of the diet. However, it has been
reported that Oxalis is one of the main components’
and it has been the main feed to estimate the nutri-
tional carrying capacity of this specie.® The objective
of the present study was to know the diet composition
of Moctezuma quail in the northwestern region of the
State of Mexico, Oxalis bulbs chemical composition
and to estimate the dietary nutrient concentration.

Material and methods

Fourteen crop contains of Cyrtonyx montezumae were
obtained from quails trapped by hunters in the north-
western region of the State of Mexico, in the region 11
of the cynegetic calendar 1997, previously described,’
collected in the 2000 and 2001 hunting seasons in the
Municipalities of Aculco, Oztoltepec, San Felipe del
Progreso and Polotitlan (Figure 1). The crop contains
were placed in polyethylene bags and were stored
at —4°C until their analysis. Feeds were identified,
separated and dried at a constant weight at 65°C.”"°
Diet composition was estimated as percentage of dry
matter’ and it was also registered the frequency of
presentation.

Because the capacity of the crops is limited,
the quantity of sample obtained was not enough
to carry out the analysis, reason why bulbs of
Oxalis were collected in the Municipalities where
the quails were found (Figures 1). The sam-
pling sites were established in areas of transition
between forest and rangeland where the quail
inhabits.”'? To estimate Oxalis bulbs availabil-
ity, in each locality 4 parcels of sampling of 1 m?
each were settled down randomly, with a modifi-
cation of banks seeds collection methodology."”
It was dug to an average depth of 5 cm and bulbs
were separated from the emergent vegetation.”
The bulbs were sampled in the winter of 1999 in
geographically referenced areas.'
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Introduccion

1 conocimiento de la nutricién de la fauna sil-

vestre constituye un aspecto de importancia

en la ecologia y el manejo de animales, para
entender la supervivencia y la productividad de las
poblaciones de la fauna silvestre,' asi como para esti-
mar la capacidad nutrimental de carga.” La codorniz
Moctezuma se alimenta principalmente de un tipo de
bulbo (Oxalis)y tubérculos; otro tipo de alimento que
incluye en su dieta es el lupinus y semillas de grami-
neas como el Paspalum™ y, segtin la época del ano, su
dieta puede incluir bellotas e insectos.’

En el Estado de México, México, se ha registrado
una densidad poblacional de 0.0466 codornices/ha
en el estrato forestal y 0.00089 codornices/ha en el
estrato pastizal,’ que pueden considerarse bajas. Es
importante sefialar que no existen informes de las
caracteristicas de la dieta en México; sin embargo, se
ha dicho que el Oxalis es uno de los principales com-
ponentes’y ha sido el alimento principal para estimar
la capacidad nutrimental de carga de esta especie.®
El objetivo del presente estudio fue conocer la com-
posicién de la dieta de la codorniz Moctezuma en la
regién noroeste del Estado de México, la composicién
de los bulbos de Oxalisy estimar la concentracién de
nutrimentos en la dieta.

Material y métodos

Se obtuvieron 14 buches de Cyrtonyx montezumae de
codornices atrapadas por cazadores de la regién
noroeste del Estado de México, en la regién cinegé-
tica IT del calendario cinegético 1997 descrita previa-
mente,’ recolectados en las temporadas de caceria
2000 y 2001 en los municipios de Aculco, Oztolte-
pec, San Felipe del Progreso y Polotitlan (Figura 1).
Los buches se colocaron en bolsas de polietileno y se
almacenaron a —4°C hasta su andlisis. Los alimen-
tos fueron identificados, separados y secados a peso
constante a 65°C.”" La composicién de la dieta se
estim6 como porcentaje de la materia seca’ y también
se registro la frecuencia de presentacion.

Debido a que la capacidad de los buches fue
limitada, la cantidad de muestra obtenida no fue
suficiente para realizar el anélisis, por lo que se
recolectaron bulbos de Oxalis en los municipios
donde se encontraron las codornices (Figura 1).
Los sitios de muestreo se establecieron en zonas
de transicién de bosque y pastizal donde habita
la codorniz.”'? Para estimar la disponibilidad de
bulbos de Oxalis en cada localidad se establecie-
ron al azar cuatro parcelas de muestreo de 1 m®
cada una con una modificacién a la metodologia
de coleccion de bancos de semillas.”” Se escarb6 a



Composited samples were prepared by parcel
in each locality for their analysis. The determina-
tion of dry and organic matter, ashes, crude fat,
and crude protein for Kjeldahl, were made accord-
ing to the techniques recommended by the AOAC,"
and the cellular wall fractions by the Van Soest et al.
method."” Starch contain was determined by enzy-
matic methods by the glucose concentration released
from the sample."

The concentration of amino acids was also deter-
mined in the Oxalis sp. The bulbs were freeze dried
(liofilization —4°C) and later were ground. Amino
acids were determined by high precision liquid cro-
matography (HPLC), using the 2-mercaptoethanol,
o-phitaldehid method."” A Varian cromatograph” was
used with fluorescence detector,” with longitude of
excitement and emission wave of 360 and 455 nm. A
C-18, 15 cm X 4.5 mm column was used. The mobile
phase was formed by two solvents: A, sodium acetate
buffer 0.1 M, pH 6.2 + 10 mL of tetra-hidrofuran
per liter of buffer solution; and B, methanol HPLC
degree. The concentration of the amino acids was
determined by area integration in relation to a stan-
dard reference. The determined amino acids were:
aspartic acid, glutamic acid, serine, histidine, gly-
cine, threonine, arginine, alanine, tyrosine, methi-
onine, valine, phenilalanine, isoleucin, leucin and

Figura 1. Municipios donde se recolectaron las codornices en
el Estado de México, México.

Municipalities where quails were collected in the State of
Mexico, Mexico.

una profundidad promedio de 5 cm y se separaron
los bulbos de la vegetaciéon emergente.® Los bulbos
se muestrearon en el invierno de 1999 en lugares
georreferenciados."”

Para su andlisis se prepararon muestras compues-
tas por parcela en cada localidad. La determinacién
de materia seca, materia organica, cenizas y extracto
etéreo, y proteina cruda por Kjeldahl, se realizé de
acuerdo con las técnicas recomendadas por el AOAC,"
y el fraccionamiento de las paredes celulares con el
método de Van Soest ¢t al.” El contenido de almidén
se determiné por métodos enzimaticos por la concen-
tracién de glucosa liberada en la muestra.'®

También se determiné la concentracién de ami-
noicidos en el Oxalis sp. Los bulbos se secaron por
liofilizacién (—4°C) y luego se molieron. Los aminoa-
cidos se determinaron por cromatografia liquida de
alta precision (HPLC), usando el método de 2-mer-
captoethanol, o-phitaldehido."” Se utilizé6 un croma-
tografo’ con detector de fluorescencia,” con longitud
de onda de excitacién y emisién de 360 y 455 mm.
Se us6 una columna C-18, 15 cm X 4.5 mm. La fase
movil estuvo formada por dos disolventes: A, amor-
tiguador de acetato de sodio 0.1 M, pH 6.2 + 10 mL
de tetrahidrofurano por litro de solucién amortigua-

“Varian 9010.
" Varian 9070.
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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

e
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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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