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Notas de investigacion

Identificacion de la cepa vacunal Brucella abortus S19
en muestras de leche de vaca

Identification of Brucella abortus S19 vaccinal strain
in cow milk samples

Luary Carolina Martinez Chavarria®  Antonio Verdugo Rodriguez*®
Rigoberto Hernandez Castro*

Abstract

Brucellosis is an infectious disease caused by bacteria of the genus Brucella which affects several domestic and wild life animals,
as well as humans. Until the past decade, strain 19 (519) of B. abortus was used as the vaccine for brucellosis in cattle in Mexico.
Brucella abortus S19 carries a deletion in two genes of the operon ery, responsible for the erythritol catabolic pathway. Since 1997,
B. abortus strain RB51 was officially approved in Mexico for its use as a vaccine for cattle. This strain has an insertion sequence (IS)
named IS711, which interrupts the wboA gen. Based on this knowledge, two PCR assays were standardized to allow the identifica-
tion of strains S19 and RB51, and distinguish them from other Brucella species and biotypes. These assays were used for charac-
terization of 11 field strains of B. abortus isolated from milk of cattle. A 456-bp DNA fragment was amplified from all strains when
PCR, that identifies RB51, was used, discarding the presence of vaccine strain RB51 among the field strains. In contrast, when the
assay to identify strain S19 was performed, a 1063-bp DNA fragment was amplified from nine strains, while the other two were
identified as vaccine strain S19 by amplification of a 361-bp DNA fragment. The finding of vaccine strains among this isolates is
important to both epidemiological and government level, due to their direct and indirect implications on the National Campaign
for Control and Eradication of Bovine Brucellosis.

Key words: BRUCELLOSIS, BOVINE, PCR
Resumen

La brucelosis es una enfermedad infectocontagiosa de origen bacteriano que afecta tanto al humano como a diferentes especies
animales domésticas y silvestres. En la década pasada, la vacuna que se usaba ampliamente en los bovinos era la cepa vacunal B.
abortus S19, que tiene una delecién en dos de los genes del operdn ery que participa en el catabolismo del eritritol. En México,
desde 1997 se aprobd la cepa B. abortus RB51 como vacuna para el ganado. Esta cepa presenta una secuencia de insercion (IS)
conocida como elemento IS711, que interrumpe el gen wboA. La presencia de una delecién en la cepa S19, asi como del elemento
1S711 que interrumpe el gen wboA en la cepa RB51, puede evidenciarse facilmente mediante reaccién en cadena de la polimerasa
(PCR). Con base en este hecho se estandarizaron dos ensayos de PCR que permiten identificar y diferenciar a las cepas S19y RB51,
respectivamente, de todas las demas especies y biotipos de Brucella. Estos ensayos se utilizaron para la caracterizacion de 11
cepas de campo de Brucella abortus procedentes de leche bovina. A partir de las once muestras se amplificé un producto de 456
pb con la PCR que identifica a la cepa vacunal RB51, descartando con ello la presencia de dicha cepa en las de campo. Con la PCR
que identifica a la cepa S19, nueve de las 11 muestras amplificaron un producto de 1063 pb, mientras que dos lo hicieron para un
producto de 361 pb, ello significa que estas dos cepas de campo corresponden a cepas vacunales S19 de B. abortus. El hallazgo de
cepas vacunales dentro de dichas cepas es de importancia tanto a nivel epidemiolégico como oficialmente, debido a las implica-
ciones directas e indirectas que tiene sobre la Campana Nacional de Control y Erradicacidn de la Brucelosis Bovina.
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Introduction

rucellosis is a worldwide disease which affects

several domestic and wild life animal species,

as well as humans. This disease is caused by
bacteria of the genus Brucella.'

In cattle, brucellosis is primarily caused by B.
abortus, less frequently by B. melitensis and rarely by
B. suis.>® Infection affects reproductive organs and
causes abortion or premature calving during the last
third of gestation. Other signs of brucellosis in cows
can include lowering of fertility with poor conception
rates, decrease in milk production and lengthening of
the interpregnancy interval.'

In humans, this disease affects several organs and
systems and causes many unspecific signs and symp-
toms, by which diagnostic is difficult because the dis-
ease can be confused with another pathologies.>®

Brucellosis is a chronic course disease that implies
great repercussions in public and animal health, caus-
ing devastating economic losses because its treatment
generates high costs, and to restrictions applied to
infected animals and their products.7 In 1995, the
Agriculture, Cattle, Rural Development, Fish and
Food Department (Sagarpa), issued the Mexican
Official Norm 041-ZO0-1995 denominated National
Campaign for the Eradication of Animal Brucellosis.
Essentially, the Campaign follows two strategies, the
herd diagnosis focused on the establishment of free
herds, and vaccination programs.®

Until the past decade, strain 19 (S19) of B. abor-
tus was used for the vaccination against cattle brucel-
losis in Mexico. Strain 19 is an attenuated organism
of smooth morphology unable to grow in presence of
erythritol, which is a sugar used by Brucella in prefer-
ence to glucose.” Brucella abortus S19 carries a 702 bp
deletion in the genes eryC and eryD of the operon ery,
responsible for the erythritol catabolic pathway.'""

On the other hand, since 1997, B. abortus strain
RB517 was officially approved in Mexico to be used
as the cattle vaccine strain. This is a live, attenuated
rough strain; derived from the virulent smooth strain
B. abortus 2308."* Strain RB51 has an 842 bp insertion
sequence known as IS711, which interrupts the wboA
gen that codifies a glycosiltransferase enzyme, essen-
tial in the LPS biosynthesis."”

Deletion in locus ery, present in Strain,' as well as
the IS711 element in the wboA gene of strain RB51 are
unique molecular traits which provide a diagnostic
method for the identification of these strains. Using
such genetic markers, Sangari el al.'' and Vemulapalli
et al.” developed a polymerase chain reaction (PCR)
which is useful to identify and distinguish strains S19
and RBb51, respectively, from other Brucella species
and strains. In this work both PCR assays to detect the

480

Introduccion

a brucelosis es una enfermedad de distribucion

mundial que afecta a diferentes especies anima-

les domésticas y silvestres, asi como al humano,
la ocasionan bacterias del género Brucella.'

En el ganado bovino, es causada principalmente
por B. abortus, con menor frecuencia por B. meliten-
sis y en raras ocasiones por B. Suis.*® La enfermedad
afecta los 6rganos reproductores y provoca abortos en
el dltimo tercio de la gestacion, disminucién de la pro-
duccién lactea, alargamiento del periodo interparto
del ganado e infertilidad.”

En el humano, esta enfermedad afecta varios 6rga-
nos o sistemas del cuerpo, y presenta diversos signos
y sintomas inespecificos, por ello es dificil diagnosti-
carla debido a que puede confundirse con otras pato-
logias.”®

La brucelosis es una enfermedad de curso crénico
con graves repercusiones en la salud publica y animal,
provoca grandes pérdidas econémicas debido a que
su tratamiento propicia altos costos, y a las restriccio-
nes tanto en animales infectados como a sus produc-
tos.” En 1995 la Secretaria de Agricultura, Ganaderia,
Desarrollo Rural, Pesca y Alimentacion (Sagarpa),
expidié la Norma Oficial Mexicana 041-ZO0-1995
denominada Campana Nacional contra la Brucelosis
en los Animales. Las estrategias de la campana son
basicamente dos: el diagnéstico de hatos, cuyo obje-
tivo final es el establecimiento de hatos libres, y la
vacunacion.®

En México, en la década pasada se utilizaba como
vacuna para los bovinos la cepa B. abortus S19, cepa
lisa y atenuada, incapaz de crecer en presencia de eri-
tritol, un azucar utilizado por el género Brucella.® La
cepa S19 presenta una delecién de 702 pb que afecta a
los genes eryCy eryD del operén ery que participa en el
catabolismo del eritritol.'”"

Por otro lado, desde 1997 se aprob6 en México
como vacuna oficial para los bovinos la cepa B. abortus
RB51,” cepa rugosa atenuada derivada de la cepa B.
abortus 2308, cepa lisa y virulenta.'? La cepa RB51 pre-
senta una secuencia de inserciéon de 842 pb conocida
como elemento IS711 que interrumpe el gen wboA,
que codifica una glicosiltransferasa, enzima esencial
en la biosintesis del lipopolisacarido."”

La delecion en el locus ery que presenta la cepa
B. abortus S19, asi como la mutaciéon en el gen wboA
por el elemento IS711 en la cepa RB51 de B. abortus,
son caracteristicas moleculares unicas que proveen
un método diagnostico para identificar a estas cepas.
Con base en dichos marcadores genéticos, Sangari et
al' y Vemulapalli et al.” disefiaron una reaccién en
cadena de la polimerasa (PCR) capaz de identificar
y diferenciar a las cepas S19 y RB51, respectivamente,



presence of vaccine strains in eleven B. abortus strains
isolated from cow milk samples, were used.

Bacterial strains

Strains used in this work are listed in table 1. B. abor-
tus 2308 is a smooth, virulent, nalidixic acid resistant
strain; B. abortus 544 is a rough virulent strain. Eleven
field isolations were obtained from cow milk and they
were identified as B. abortus biotype 1 by means of
standard microbiological tests for Brucella."

All isolates were grown on Brucella agar* for 24
to 72 h at 37°C. Medium cultures were supplemented
with nalidixic acid** (15 pg/mL).

DNA extraction

Genomic DNA extraction from pure cultures of the
S19 and RB51 vaccine strains, as well as control strains
2308 and 544, was performed using a guanidin tyoci-
anate-base technique, described previously by Pitcher
et al.” To perform the PCR, 100 ng of purified DNA
were used as template.

A 2 mm-sized freshly isolated colony from each
field isolate, was taken from the culture medium and
it was suspended in 200 pL sterile water. Afterwards,
it was incubated for 15 min at 90°C in water bath and
centrifuged at 11 000 g for 5 min; 10 pL of the super-
natant were used as DNA template in the PCR assay.

de otras especies y cepas de Brucella. En este trabajo
se utilizaron ambos ensayos de PCR para detectar la
presencia de cepas vacunales en once aislamientos de
campo de B. abortus procedentes de leche de vaca.

Cepas bacterianas

Las cepas utilizadas en este trabajo se enlistan en el
Cuadro 1. B. abortus 2308 es una cepa lisa, virulenta,
resistente al acido nalidixico; B. abortus b44 es una
cepa rugosa virulenta. Las 11 cepas de campo se
aislaron a partir de leche de vaca, fueron identifica-
das como B. abortus biotipo 1 por medio de pruebas
microbiol6gicas estindar para Brucella."

Todas las cepas se cultivaron en agar Brucella* a
37°C de 24 a 72 h. Los medios de cultivo se comple-
mentaron con acido nalidixico** a una concentracion
final de 15 pg/mL.

Extraccion de ADN

Para las cepas vacunales S19 y RB51, asi como para las
cepas testigo 2308 y 544, la extracciéon del ADN geno-
mico se realizé6 mediante una técnica donde se utiliza
tiocianato de guanidina, descrita previamente por
Pitcher et al” a partir de cultivo puro. Se emplearon
100 ng del ADN extraido como templete para realizar
la PCR.

*Oxoid, Hampshire, Inglaterra
#kMerck, Darmstadt, Alemania

Cuadro 1
CEPAS BACTERIANAS UTILIZADAS EN ESTE ESTUDIO

BACTERIAL STRAINS USED IN THIS WORK

Specie Biotype Strain

Source

Control strains

B. abortus 1 S19 Brovel
B. abortus 1 S19 National Producer of Veterinary Biologics
(Pronabive)

B. abortus 1 RB51 Dr. J. M. Garcia Lobo

B. abortus 1 RB51 Pronabive

B. abortus 1 RB51 Schering Plough

B. abortus 1 2308 Dr. J. M. Garcia Lobo

B. abortus 1 544 Dr. J. M. Garcia Lobo

Field strains

B. abortus 1 136 Forest and Agricultural National
187 Research Institute (INIFAP)
259
325
499
596
615
657
700
708
770
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PCR

The polymerase chain reaction for B. abortus S19
strain, was performed as described previously by San-
gari et al'', and as described by Vemulapalli et al .for
B. abortus RB51 strain."

For B. abortus S19 strain, oligonucleotides are flank-
ing the ery operon sequence which contains the 702-
bp deletion. The expected PCR product from S19 is a
361-bp fragment and a 1063-bp fragment from other
strains, which have the complete ery locus.

To identify RB51 strain, a 1298-bp product will be
amplified by oligonucleotides flanking the wboA gen
sequence which carries the IS711 insertion sequence.
From other strains, a 456-bp PCR product will be
amplified, due to the absence of the IS711 element in
the wboA gen (Table 2).

PCR assay from vaccine strains as well as field iso-
lates and control strains, were carried out in a 50-pLL
total volume, which contained PCR 1X buffer*, mag-
nesium 1-mM,** DNTP 200 pM,*** 1-uM of each oli-
gonucleotidet and 2 units of Taq polymerase.}

The PCR for RB51 strain identification (PCR-1)
was carried out as follows: initial desnaturation at
94°C for 5 min, 30 cycles at 94°C for 30 s, 60°C for 30
s and 72°C for 1.5 min and a final extention at 72°C
for 5 min. The PCR for S19 strain identification (PCR-
2) was carried out as follows: initial desnaturation at
94°C for 5 min, 30 cycles at 94°C for 1 min, 59°C for
30 s and 72°C for 1 min and a final extention at 72°C
for 2 min.

Purified DNA from S19 and RB51 vaccinal strains,
and control strains (2308 and 544) were used as tem-
plate to carry out the PCR assay that identifies vaccine
strains RB51 (PCR-1) and S19 (PCR-2).

PCR-1 amplified a 1298-bp product for vaccine
strain RB51 because this strain has the IS711 element
insertion, and a 456-bp for other strains. This result
confirms the work done by Vemulapalli ef al."” (Figure
1).

PCR-2 amplified a 361-bp product from with B.
abortus strain S19. Other strains amplified a 1063-bp
PCR product, since these strains have the complete
ery locus (Figure 2).

Para las cepas de campo, se tomo6 del medio de cul-
tivo una colonia bacteriana de 2 mm de diametro y
se resuspendi6 en 200 pL de agua estéril. Posterior-
mente se incub6 en bano Maria a 90°C por 15 min y
fue centrifugada a 11 000 g durante 5 min; se usaron
10 pL del sobrenadante como templete de ADN para
llevar a cabo la PCR.

PCR

La reacciéon en cadena de la polimerasa se realiz6
como lo describe Sangari et al." parala cepa B. abortus
S19 y segtin lo descrito por Vemulapalli et al.” para la
cepa B. abortus RB51.

Para la cepa B. abortus S19, los oligonucleétidos se
encuentran flanqueando la secuencia del operén ery
en la que se halla la delecién de 702 pb y amplifican
un producto de 361 pb cuando se trata de la cepa S19,
y un producto de 1 063 pb para las demas cepas, ya
que éstas poseen completo el locus ery.

En cuanto a la cepa RB51, los oligonucleétidos se
encuentran flanqueando la secuencia del gen wboA en
la que se halla la secuencia de insercién IS711 y ampli-
fican un producto de 1 298 pb cuando se trata de la
cepa RB51 y un producto de 456 pb cuando se trata
de cualquier otra cepa, ya que éstas no presentan el
elemento IS711 en el gen wboA (Cuadro 2).

La PCR, tanto para las cepas vacunales como para
las cepas testigo y las cepas de campo, se realizé en un
volumen total de 50 pL, que contenia amortiguador
para PCR 1X*, 1 mM de magnesio**, 200 pM de cada
nucleétido trifosfatado,*** 1 pM de cada oligonucle6-
tidot y dos unidades de Taq polimerasa.f

Los ciclos de la reaccion de PCR para identificar a
la cepa RB51 (PCR-1) fueron: desnaturalizacion ini-
cial a 94°C durante 5 min, 30 ciclos a 94°C por 30 s,
60°C durante 30 s y 72°C por 1.5 min y una extensién
final a 72°C durante 5 min. Los ciclos para la reaccién
de PCR que identifica a la cepa S19 (PCR-2) fueron:
desnaturalizacion inicial a 94°C por 5 min, 30 ciclos a

*Promega, Madison WI, Estados Unidos de América.
**Promega, Madison WI, Estados Unidos de América.
***Promega, Madison WI, Estados Unidos de América.
Invitrogen, Carlsbad, California, Estados Unidos de América
+Pmmega, Madison WI, Estados Unidos de América.

Cuadro 2

SECUENCIAS DE LOS OLIGONUCLEOTIDOS EMPLEADOS EN ESTE ESTUDIO
OLIGONUCLEOTIDES SEQUENCE USED IN THIS WORK

Oligonucleotide Sequence Genes
S19-1 5’ TTGGCGGCAAGTCCGTCGGT 3’ eryC-eryD
S19-2 5’ CCCAGAAGCGAGACGAAACG 3’

RB51-1 5" TTAAGCGCTGATGCCATTTCCTTCAC 3’ wboA

RB51-2 5’ GCCAACCAACCCAAATGCTCACAA 3’
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It was decided to use the standardized PCR tech-
nique to characterize the 11 field strains of Brucella
abortus isolated from cow milk samples. Both PCR-1
and PCR-2 were carried out on these field strains.

All samples showed a 456-bp product when PCR-1
was performed. Thus, these results ruled out the pres-
ence of vaccine strain RB51 among the field strains
(Figure 3ayb).

Using PCR-2, nine of the eleven samples amplified
a 1063-bp product, while two of them amplified a 361-
bp. Hence, these two field strains correspond to vac-
cine strains S19 of B. abortus (Figure 4ayb).

In this work PCR assays standardized previously by
Sangari et al'' and Vemulapalli et al."” were used to
detect the presence of vaccine strains among eleven
field isolations of B. abortus biotype 1 proceeding from
cow milk.

When PCR-1 was carried out, the eleven field strains
amplified a 456-bp product, result that discarded the
presence of vaccine strain RB51 of B. abortus.

On using PCR-2, nine of the field strains amplified
a 1063-bp product; nevertheless, two strains ampli-
fied a 361-bp product, which indicated the presence
of two vaccine strains S19 of B. abortus among the 11
field strains.

These results are of great significance to the gov-
ernment as for the epidemiological level, due to the
direct and indirect implications on the National Cam-
paign for the Eradication of Animal Brucellosis.

The persistence of post-vaccinal serologic titers
that interfere with serological tests interpretation is
one of the most important disadvantages of the vac-
cinal strain S19 of B. abortus.'®"” This fact make the
use of vaccine S19 incompatible with the simultane-
ous application of the brucellosis control procedures.

94°C por 1 min, 59°C por 30 sy 72°C por 1 min y una
extension final a 72°C por dos min.

El ADN extraido a partir de cultivos puros de las
cepas vacunales (S19 y RB51) y de las cepas testigo
(2308 y 544) se utilizé para realizar la PCR que iden-
tifica las cepas vacunales RB51 (PCR-1) y S19 (PCR-2)
de Brucella abortus.

Con la PCR-1, los oligonucleé6tidos amplificaron
un producto de 1298 pb para la cepa vacunal RB5I,
ya que ésta presenta la insercién del elemento IS711 y
un producto de 456 pb para las demas cepas, con ello
se confirma lo descrito por Vemulapalli et al."” (Figura
1).

Al realizar la PCR-2 el producto de amplificacion
obtenido a partir de la cepa B. abortus S19 fue de 361
pb. Las demas cepas, al poseer el locus ery completo,
dieron como resultado un producto de amplificacion
de 1 063 pb (Figura 2).

Al estandarizarse la técnica de PCR para las cepas
vacunales, se decidié utilizar esta técnica para la
caracterizacion de las 11 cepas de campo de Brucella
abortus procedentes de leche de vaca. A todas las cepas
se les realiz6 tanto la PCR-1 como la PCR-2.

A partir de las once muestras se obtuvo un pro-
ducto de amplificacion de 456 pb con la PCR-1, por lo
cual se descarta la presencia de alguna cepa vacunal
RBb51 dentro de las cepas de campo (Figura 3ayb).

Con la PCR-2, nueve de las once muestras ampli-
ficaron un producto de 1 063 pb, mientras que dos
de ellas amplificaron un producto de 361 pb, ello sig-
nifica que estas dos cepas de campo corresponden a
cepas vacunales S19 de B. abortus (Figura 4 ayb).

En este trabajo se utilizaron los ensayos de PCR
estandarizados previamente por Sangari el al'' 'y
Vemulapalli ef al."” para detectar la presencia de cepas

1298 pb

“—— 456 pb

Figura 1: Gel de agarosa al 1% en TAE tenido con bromuro de etidio en el que se separan los productos amplificados con la PCR-1. 1: B. abortus
RB51 (EUA). 2: B. abortus RB51 (Pronabive). 3: B. abortus RB51 (Schering Plough). 4: Marcador de peso molecular 100 pb ADN Ladder. 5: B. abor-
tus 2308. 6: B. abortus 544. 7: B. abortus S19 (Brovel). 8: B. abortus S19 (Pronabive). 9: Testigo negativo (agua). Con las flechas se senala el producto
de 1298 pb caracteristico de la cepa vacunal RB51 de B. abortusy el producto de 456 pb que se amplifica a partir de cepas diferentes a ésta.

Figure 1: 1% Agarose gel in TAE stained with ethidium bromide which shows the products amplified with PCR-1. 1: B. abortus RB51 (EUA). 2: B.
abortus RB51 (Pronabive). 3: B. abortus RB51 (Schering Plough). 4: Molecular weight marker 100 pb ADN Ladder. 5: B. abortus 2308. 6: B. abortus
544. 7: B. abortus S19 (Brovel). 8: B. abortus S19 (Pronabive). 9: Negative control (water). Arrows indicate the characteristic 1298-bp product
amplified from vaccine strain RB51 of B. abortus and the 456-bp product amplified from other strains.

Vet. Méx., 37 (4) 2006 483



Likewise, it is worth mentioning that even though S19
is a vaccine strain, it is a live attenuated strain, and it
is able to cause disease. In fact, there are reports of
infection in humans caused by B. abortus strain S19."

B. abortus RB51 as vaccine strain was officially
approved in 1997, then the production of vaccines
based on the S19 strain was stopped in Mexico;
despite of the fact that this strain is still in force in
the NOM-041-ZO0-1995 in Mexico. Nevertheless, the
field strains used in this work were isolated at the end
of year 2000.

Previous studies have demonstrated that vaccine
strain S19 can be excreted with low frequency in the
milk of vaccinated cows. The most important fact

vacunales en once aislamientos de campo de B. abortus
biotipo 1 procedentes de leche de vacas.

Al utilizar la PCR-1 se observé que las once cepas
de campo amplificaron un producto de 456 pb, con lo
cual se descart6 la presencia de la cepa vacunal RB51
de B. abortus.

Para el caso de la PCR-2, nueve de las cepas de
campo amplificaron un producto de 1063 pb; sin
embargo, dos cepas amplificaron un producto de 361
pb, lo que revel6 la presencia de dos cepas vacunales
S19 de B. abortus dentro de las 11 cepas de campo.

Este hecho es de importancia tanto a nivel epide-
miolégico como oficialmente, debido a las implicacio-
nes directas e indirectas que tiene en relacion con la

8 9 10

1063 pb

361 pb

Figura 2: Gel de agarosa al 1% en TAE tenido con bromuro de etidio en el que se separan los productos amplificados con la PCR-2. 1: B. abortus
S19 (Brovel). 2: B. abortus S19 (Pronabive). 3: Marcador de peso molecular 1 kb ADN Ladder. 4: B. abortus 2308. 5: B. abortus 544. 6: B. abortus
RB51 (EU). 7: B. abortus RB51 (Pronabive). 8: B. abortus RB51 (Schering Plough). 9: Testigo negativo (agua). 10: Marcador de peso molecular
1 kb ADN Ladder. Las flechas senalan el producto de 361 pb caracteristico de la cepa S19 de B. abortusy el producto de 1063 pb amplificado a
partir de cepas diferentes a ésta

Figure 2: 1% Agarose gel in TAE stained with ethidium bromide which shows the products amplified with PCR-2. 1: B. abortus S19 (Brovel). 2: B.
abortus S19 (Pronabive). 3: Molecular weight marker 1 kb ADN Ladder. 4: B. abortus 2308. 5: B. abortus 544. 6: B. abortus RB51 (EU). 7: B. abortus
RB51 (Pronabive). 8: B. abortus RB51 (Schering Plough). 9: Negative control (water). 10: Molecular weight marker 1 kb ADN Ladder. Arrows
indicate the characteristic 361-bp product amplified from strain S19 of B. abortus and the 1063-bp amplified from other strains.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

456 pb 456 pb

Figura 3 ay b: Gel de agarosa al 1% en TAE tenido con bromuro de etidio en el que se separan los productos amplificados con la PCR-1 a partir
de las cepas de campo. 1: Marcador de peso molecular 1 kb ADN Ladder. 2: B. abortus 325. 3: B. abortus 596. 4: B. abortus 657. 5: B. abortus 708.
6: B. abortus 720. 7: Testigo negativo (agua). 8: Marcador de peso molecular 1 kb ADN Ladder. 9: B. abortus 136. 10: B. abortus 187. 11: B. abortus
259. 12: B. abortus 499. 13: B. abortus 615. 14: B. abortus 700. 15: Testigo negativo (agua). Las flechas sefnalan el producto de 456 pb caracteristico
de aquellas cepas diferentes a B. abortus RB51

Figure 3 a and b: 1% Agarose gel in TAE stained with ethidium bromide which shows the products amplified with PCR-1 from field strains. 1:
Molecular weight marker 1 kb ADN Ladder. 2: B. abortus 325. 3: B. abortus 596. 4: B. abortus 657. 5: B. abortus 708. 6: B. abortus 720. 7: Negative
control (water). 8: Molecular weight marker 1 kb ADN Ladder. 9: B. abortus 136. 10: B. abortus 187. 11: B. abortus 259. 12: B. abortus 499. 13: B.
abortus 615. 14: B. abortus 700. 15: Negative control (water). Arrows indicate the characteristic 456-bp product amplified from strains different
from B. abortus RB51
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9 10 11 12 13 14 15 16 17

1063 pb

Figura 4 ay b: Gel de agarosa al 1% en TAE tenido con bromuro de etidio en el que se separan los productos amplificados con la PCR-2 a partir
de las cepas de campo. 1: Marcador de peso molecular 1 kb ADN Ladder. 2: B. abortus 325. 3: B. abortus 596. 4: B. abortus 657. 5: B. abortus 708. 6:
B. abortus 720. 7: Testigo negativo (agua). 8: Marcador de peso molecular 1 kb ADN Ladder. 9: Marcador de peso molecular 1 kb DNA Ladder.
10: B. abortus 136. 11: B. abortus 187. 12: B. abortus 259. 13: B. abortus 499. 14: B. abortus 615. 15: B. abortus 700. 16: Testigo negativo (agua). 17:
Marcador de peso molecular 1 kb DNA Ladder. Con una flecha se senala el producto caracteristico de 361 pb amplificado a partir de la cepa
S19 de B. abortus

Figure 4 a and b: 1% Agarose gel in TAE stained with ethidium bromide which shows the products amplified with PCR-2 from field strains. 1:
Molecular weight marker 1 kb ADN Ladder. 2: B. abortus 325. 3: B. abortus 596. 4: B. abortus 657. 5: B. abortus 708. 6: B. abortus 720. 7: Negative
control (water). 8: Molecular weight marker 1 kb ADN Ladder. 9: Molecular weight marker 1 kb DNA Ladder. 10: B. abortus 136. 11: B. abortus
187. 12: B. abortus 259. 13: B. abortus 499. 14: B. abortus 615. 15: B. abortus 700. 16: Negative control (water). 17: Molecular weight marker 1 kb

DNA Ladder. One arrow indicates the characteristic 361-bp product amplified from strain S19 of B. abortus

is that the excretion of strain S19 could not be for
more than a year.'"" For this reason, even if the field
isolations used in this work had been isolated from
cows vaccinated in 1997, when there might still be
vaccine batches available, it would be almost impos-
sible that those cows were excreting bacteria for three
years. This fact suggests that vaccination should have
been done maximum a year before the isolates were
obtained (1999). What remains to be elucidated is the
precedence of such vaccines, since the production of
vaccine S19 was stopped two years earlier.

Further works will focused on sampling the rest
of the herd from where the vaccine isolates were
obtained, as well as the nearby farms. Furthermore,
the performance of serological tests and bacterial
cultures from slaughtered animals will enlighten the
source of the B. abortus S19 identified in this work.
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