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ABSTRACT

A total of 192 samples of illegal cheese from different regions of the states of Sdo Paulo and Minas Gerais,
Brazil, were analyzed for the isolation and detection of Brucella spp. DNA by means of microbiological
cultureand polymerase chain reaction (PCR), respectively. Samplesthat yielded positive resultswere submitted
totheanalysisof the occurrence of Brucella abortus (biovars 1, 2 e 4), aswell asto thedifferentiation of DNA
in B19 vaccina strain or Brucella abortus field strain using PCR. Although the microorganism was not
isolated from any sample, PCR detected 37 positive samples (19.27%) using genus-specific primers. From
these, all (100%) were Brucella abortus. Differentiation of the strain showed that 30/37 samples (81.08%)
werevaccina strain B19 and seven (18.92%) were Brucella abortusfield strains. Results showed that diagnostic
sensitivity of PCR wasgreater than that of microbiological culture. The standardization of the reaction for the
differentiation of vaccinal and field strains enabled the analysis of all samples positive for Brucella abortus.
Itis, therefore, areliable method, also applicable to natural infections caused by the microrganism.
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INTRODUCTION

Brucellosisisoneof themost important and worl dwide spread
zoonosis (15). In Brazil, brucellosis caused by Brucella abortus
isthe most prevaent infection. The speciesis divided into eight
biovars: 1,2, 3,4, 5, 6,9and vaccina strainB19 (7,12,16). Since
1985, only biovars 1, 2 and 3 have been detected in Brazil (10).

According to the Brazilian Ministry of Agriculture, dairy
herdsrepresent 20% of thetotal brazilian bovines. Cattleraising
occurs mainly in the south and southeast regions of the country,
with 69% of the national production (15). It is estimated that
approximately 29% of the milk produced in the country, and
consumed mostly as fluid milk, cheese, sweets and other
products, does not meet the legal requirements (9).

B19 is alive, attenuated vaccine used in bovine females,
used for prevention of bovine brucellosis, is the only vaccine

recommended by the National Plan for Brucellosis and
Tuberculosis Control and Eradication [Plano Nacional de
Controle e Erradicacdo da Brucelose e Tuberculose
(PNCEBT)], that beganin 2001 (2). Inthe B19 strain, afragment
of 702 bp (base pairs) of geneery was del eted and thiswould be
the explanation for its sensitivity to erythritol (7).

Diagnosisisan essential part of the PNCEBT program and
direct detection methods are very important in the confirmation
of outbreak foci, aswell asin the characterization of the strain
(14). Evenin countrieswhere all formsof the disease have been
eradicated, continuous surveillance is essential to prevent the
reintroduction of the disease (5).

Bricker and Halling (3) described aPCR method called AMOS
PCR, which identified and differentiated most of the Brucella
speciesand biovarsfoundinthe US (B. abortushbv. 1, 2 and 4; B.
melitensisbv. 1, 2 and 3; B. ovisand B. suisbv. 1). The method
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was based on the fact that the repetitive genetic element 1S 711
isexclusive in the genus Brucella and, for most species, at least
one copy of the element occurs in a unique species or biovar-
specific chromosomal locus. Sangari, Garcia-Lobo and Agliero
(17) reported the restriction analysis of the eri region from B.
abortus 2308 and vaccine B19 chromosomes, revealing adeletion
sequence of about 702 nucleotides in the chromosome of the
vaccinal strain. So, they described a PCR method for the
differentiation of B19 strain of other B. abortus isolates using
two oligonucleotides designed from the DNA sequence of B.
abortus 2308, one to each side of the endpoints of the deletion
found in B19. As expected, these primers sustained the specific
amplification of a 1.063 base pairs (bp) from strain 2308 and
other B. abortus strains and a 361 bp fragment from B19 strain.
Ewalt and Bricker (8) validated AMOS PCR for the same
differentiation using a primer pair which amplifies a short
sequence (178 base pairs) of the eri gene with one primer that
anneals to a region of the eri locus common to B19 and other
Brucella species, while the second primer anneals within the
702 pb deletion (4). Therefore, theidentification of B19 strainis
based on the absence of amplification of this target.

PCR is an option for brucellosis diagnosis. However, few
studies have been carried out with field samplesin away to use
the reaction as a diagnostic tool (11). In Brazil, in spite of the
importanceof bovinebrucellosis, few studieshavebeen performed
for theinvestigation of different Brucella biovarsamong bovines
(15). The present trial analyzed the presence of Brucella abortus
inillegal dairy products from the states of Sdo Paulo and Minas
Gerais (Brazil) by comparing the results obtained by means of
polymerase chain reaction (PCR) and microbiological cultureand
developing a hemi-nested PCR reaction efficient in the
differentiation of strain B19 in naturally infected dairy samples.

MATERIALAND METHODS

Samples

Atotd of 192illegal cheese sampleswererandomly collected
in 2001 and 2002, coming from different regions of the states of
S&o Paulo (SP) and Minas Gerais (MG) - Brazil. Typesof cheese
included 141 samples of Minas frescal type fresh white cheese
(59 from MG and 92 from SP) and 51 samples of cured Minas
type cheese (18 from MG and 33 from SP).

Sandard strains

- B19. Thestrain was used in the experimental contamination
of cheese for the determination of the analytical sensitivity
of PCR and for the confirmation of primer specificity.

- ATCC (American Type of Culture Collection) strains. ATCC
B. abortus544 (bv.1), B. suis 1330 (bv. 1), B. canisLM 6/66,
B. ovis 63/290 (bv. 1), B. neotomae 5k33 (bv. 1) and B.
melitensis 16 M (bv. 1) sampleswere used in the confirmation
of primer specificity.
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- RB51. The strain was used in the confirmation of primer
specificity.

Microbiological culture

Twenty five grams of each cheese samplewere homogenized
in 100 mL of Brucella broth (DIFCO), using a Stomacher 80
(Lab System®) and | et to rest for some seconds. Ten microliters
of the supernatant were used in the culture, as described by
OIE(13).

DNA extraction

One hundred microliters of the supernatant of the cheese
samples were used. Extraction was accomplished by means of
commercia reagent DNAzal (Invitrogen) (6). Colonies of the
standard strainswere resuspended in milliQ water and DNA was
extracted by boiling (100°C/ 10 minutes) and after centrifugation
(10000x g/ 2 minutes), the supernatant was used for PCR purpose.

PCR

Thereaction wascarried out using DNA extracted with genus-
specific primers B4 and Bs, which amplified fragments of 223 bp,
as described by Baily et al. (1). PCR for Brucella abortus was
performed in samples positive for Brucella spp., using apair of
primers (BAB and IS 711) described by Bricker and Halling (3),
whichamplified 498 bp fragments. Modified amplification of DNA
wascarried out with 14 pl of ultrapurewater (Millipore), 20 Wl of
Master Mix —Eppendorf (50mM KCl, 30mM Tris-HCI, 1.5mM
Mg#, 200 uM of each dNTPand 1.25 U Taq DNA Polimerase), 30
pmol of each primer and 10 W of DNA. Initial denaturation was
performed at 94°C for 5 minutesand, intheend, extensionat 72°C
for 10 minutes. Forty cycles divided in three phases were as
follows. denaturation at 94°C for 60 seconds, hybridization at
55°C for 60 seconds and extension at 72°C for 45 seconds.

PCR for the differentiation of strain origin was carried in
Brucella abortus positive samples, using the primerseri 1- 5
TTGGCGGCAAGTCCGTCGGT 3 anderi 2-5'CCCAGAAG
CGAGACGAAACG 3 (17). Primer eri 3-5 CGCCATGTTAG
CGGCGGTGA 3, described by Bricker and Halling (4) wasaso
used, together with eri 1 in the hemi-nested PCR. Modified
amplification was performed with 14 pl of ultrapure water
(Millipore), 20 pl of Master Mix — Eppendorf (50 mM KCI, 30
mM Tris-HCI, 1L.5mM Mg?, 200 uM of eachdNTPand 1.25 U of
Tag DNA Polimerase), 30 pmol of each primer (eri Land eri 2in
thefirst reaction and eri 1 and eri 3in nested-PCR) and 10 ul of
DNA. Both in PCR and nested PCR, before the temperature
cycle, denaturation was carried out at 94°C for 10 minutes and
extension at 72°C for 10 minutes. Inthefirst reaction, 35 cycles
were performed in three phases: denaturation at 94°C for 60
seconds, hybridization at 57°C for 120 seconds and extension
at 72°Cfor 120 seconds. In nested PCR, 30 cycleswere employed:
denaturation at 94°C for 60 seconds, hybridization at 59° C for
60 seconds and extension at 72°C for 45 seconds.



Amplifications were carried out in a
Peltier Thermal Cycler-200 (MJ Research)
and the analysis of the amplified products

Brucella abortus in cheese

Table 1. Detection thresholdsfor PCR obtained in the experimental contamination
of cheese samplesusing seria dilutionsof B19 and Brucella abortusfield strains.

was performed by means of electrophoresis  FRIMERS B,andBs BABandIS711 eri landeri2 eri landeri 3
in 1.3% agarose gel with TBE 0.5 X running SAMPLE

buffer (0.045M TRIS-Borateand 1 mM of  Cheese(B19) 10°CFU/mL 10°CFU/mL  10*CFU/mL  10%CFU/mL
EDTA ph 8.0). Gel was stained with ethidium Cheese(field) 107CFU/mL 10°CFU/mL  10°CFU/mL 10 CFU/mL

bromide and submitted to constant voltage
of 6-7V/cm.

Proof of primer specificity
All standard strains were tested in all PCR reactions
described in thistrial.

Evaluation of PCR detection threshold in cheeseexperimentally
contaminated with different concentrations(CFU) of Brucdlla
abortusfield and B19vaccinal strains

PCR detection thresholds were obtained by means of the
experimental contamination of suspensions of cheese samples
negative in both PCR and microbiological culture. Tubes with
one mililiter of suspension of cheese 25% (w/v) was
contaminated either with 1 CFU of vaccinal strainB19 or 1 CFU
of Brucella abortusfield strain (initial concentration of 1 CFU/
mL). The suspensions were then subjected to tenfold serial
dilutionsuntil 10° CFU/mL.

Agreement between PCR and microbiological culture for
Brucellaspp.

Agreement between microbiological culture and PCR for
Brucella abortus was measured by means of the Kappa
indicator (19).

RESULTS

Primers used in the trial had their specificity confirmed: B,
and Bs (1) amplified a223 bp fragment from thesix Brucella species
and from vaccind strains B19 and RB51; BAB and IS 711 (3)
amplified a498 bp fragment only in strain 544 of Brucellaabortus
andinvaccina strainsB19and RB51; eri 1and eri 2 (17) amplified
a1.063 bp fragment in thefield strains and in the vaccinal strain
RB51, aswell asa361 bp fragment in strain B19. In hemi-nested
PCR there is amplification of 240 bp fragments for al Brucella
strains, except B19. Therefore, for B19 strains there is no
hybridization sitefor eri 3, but primerseri 1and eri 2 ill amplified
361 bp fragments, since there is the addition of primer eri 1 and
ampliconsfrom thefirst reaction, to hemi-nested PCR reagents.

Table 1 shows the detection thresholds obtained in the
analysis of cheese experimentally contaminated with serial
dilutions of B19 and field strains of Brucella abortus. Figs. 1
and 2 confirm the detection threshold of PCR and nested PCR
in the differentiation of the origin of the strain in samples
contaminated with B19 and field strain, respectively.
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Figure 1. PCR using primers eri 1 and eri 2 (SANGARI;
GARCIA-LOBO; AGUERO, 1994) and nested-PCR (n-PCR)
using primerseri Land eri 3(BRICKER; HALLING, 1995) gpplied
to cheese experimentally contaminated with B19 strain. (1)
Molecular standard 100 bp; (2) 10° CFU/mL; (3) 10t CFU/mL;
(4) 102CFU/mL; (5) 203 CFU/mL; (6) 10 CFU/mL; (7) 105 CFU/
mL; (8) 10¢ CFU/mL; (9) 107 CFU/mL; (10) 108 CFU/mL; (11) 10°
CFU/mL; (12) 10 CFU/mL; (13) Molecular standard 100 bp;
(14) n-PCR 10° CFU/mL ; (15) n-PCR 10 CFU/mL; (16) n-PCR
107 CFU/mL; (17) n-PCR 10® CFU/mL; (18) n-PCR 10° CFU/mL;
(19) n-PCR 10° CFU/mL.
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Figure 2. PCR using primers eri 1 and eri 2 (SANGARI;
GARCIA-LOBO; AGUERO, 1994) and nested-PCR (n-PCR)
using primerseri 1and eri 3(BRICKER; HALLING, 1995) applied
to cheese experimentally contaminated with field strain. (1)
Molecular standard 100 bp; (2) 10° CFU/mL; (3) 10 CFU/mL;
(4) 102 CFU/mL; (5) 103 CFU/mL; (6) 10 CFU/mL; (7) 10°CFU/
mL; (8) 10° CFU/mL; (9) 107 CFU/mL; (10) 108 CFU/mL; (11) 10°
CFU/mL; (12) 10*° CFU/mL; (13) Molecular standard 100 bp;
(14) n-PCR 10 CFU/mL; (15) n-PCR 10° CFU/mL; (16) n-PCR
10 CFU/mL; (17) n-PCR 107 CFU/mL; (18) n-PCR 10° CFU/mL;
(19) n-PCR 10° CFU/mL; (20) n-PCR 10 CFU/mL.
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Table 2. Resultsfor Brucella spp. positive cheese samples, for determination of B. abortus speciesand hemi-nested PCR (eri 1/ exi

2; and eri 1/ eri 3) for differentiation of origin of strain.

PCR
Sample Cheese type Origin  Microbiologica Brucella spp. B. abortus  eril/eri2 eril/eri3 Conclusion
culture (B4/Bs) (BAB/IS7T11)

C267 1 MG negative positive positive negative 361pb B19
C210 1 MG negative positive positive 361 pb B19
C265 1 MG negative positive positive negative 240pb Feld
Cc01 1 MG negative positive positive negative 361pb B19
C268 1 MG negative positive positive negative 361pb B19
C238 1 MG negative positive positive negative 361 pb B19
C269 1 MG negative positive positive negative 361pb B19
A 1 MG negative positive positive 361 pb B19
C15 2 MG negative positive positive negative 240pb Feld
c1 2 MG negative positive positive negative 361pb B19
C30 1 MG negative positive positive negative 361 pb B19
40 1 MG negative positive positive negative 361pb B19

(€3] 1 MG negative positive positive negative 361pb B19
C23% 1 P negative positive positive 361 pb B19
Ci18 1 S negative positive positive 361 pb B19
c2 1 S negative positive positive negative 361pb B19
Cx0 1 S negative positive positive 1063 pb Fed
Cl6 1 S negative positive positive negative 361pb B19
C19 1 S negative positive positive negative 361pb B19
cz 1 S negative positive positive negative 361pb B19
(@77} 1 SN negative positive positive 361 pb B19
ci21 1 S negative positive positive 361 pb B19
C123 1 S negative positive positive negative 240pb Fed
ci82 1 S negative positive positive 1063 pb Fed
C190 1 S negative positive positive 361 pb B19

Cl 2 SN negative positive positive negative 240pb Feld
C13 2 S negative positive positive 361 pb B19
Cc24 1 S negative positive positive negative 361pb B19
2 S negative positive positive negative 361pb B19
C0 2 S negative positive positive 361 pb B19

@7} 1 S negative positive positive negative 240pb Feld
47 2 P negative positive positive negative 361pb B19
Csl 1 P negative positive positive negative 361pb B19
cA 1 P negative positive positive 361 pb B19
C% 1 S negative positive positive 361 pb B19
Cx0 2 S negative positive positive 361 pb B19

(@) 1 S negative positive positive 361 pb B19

Legend: 1= Minas frescal type cheese; 2= cured Minas type cheese; SP = Sdo Paulo; MG = Minas Gerais.

The 192 samples studied were negative for Brucella spp. in
the bacteriological culture, but were contaminated by other
microorganisms such as Streptococcus spp., Staphylococcus
spp., fecal coliforms and Pseudomonas aeruginosa. Inthe PCR
for detection of Brucella spp. DNA, 37 samples (19.27%) were
positive. From these, 29/141 (20.56%) samples of Minasfrescal
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cheese and 8/51 (15.68%) of cured Minas type cheese were
positive. From the samples collected in S&o Paulo, 19.2% (24/
125) were positive for Brucella abortus, and from the Minas
Geraissamples, 19.4% (13/67). All 37 samples (100%) positive
for Brucella spp. were diagnosed as Brucella abortus by means
of PCR. From these, 30 (81.08%) were differentiated as being



vaccina strains (B19), and seven (18.92%) as field strains.
Nested PCR enabled the differentiation of the origin of 22/37
(59.45%) samples(Table2).

DISCUSSION

In the present trial, the extraction of DNA with DNAzol
reagent together with theamplification protocol of PCR reactions
for Brucella abortus and for the differentiation of the strain led
to low detection thresholds.

Ewalt and Bricker (8) described a PCR assay for the
differentiation of B19 with the amplification of 178 bp fragments
for all Brucella spp. strains except B19, which result is the
absence of signal. Thus, one can speculate that the absence of
amplified fragmentsisrelated to thereal presence of B19inthe
sample, but it can be due to many factorsinvolved in the DNA
extraction or PCR procedures (e.g. presence of inhibitory
substances, degradation, abscence or low yeld of DNA template,
etc.). We present an alternative approach assuring that there
will be asignal from both field or vaccinal B19 strains. So, if
there is no signal in the reaction with primers eri 1 and eri 2,
hemi-nested PCR should be accomplished for higher analytical
sensitivity, providing a signal even for field strains and RB51
(240 bp) or B19 (361 bp). Standardization of hemi-nested PCR
with primers eri 1 and eri 3 enabled the differentiation of the
strain in most of the analyzed samples (22/37).

Among the 192 samples considered to be negative in
Brucella spp microbiological culture, PCR produced positive
results in 29/141 (20.56%) samples of Minas frescal cheese
and in 8/51 (15.69%) samples of cured Minas type cheese.
Agreement between techniques was low, probably due to
differences between them. While microbiological culture
depends on organism viahility, quality of the sample and time
between collection and analysis, DNA detection by means of
PCR does not depend on these factors. In this technique,
non-viabl e microorganisms, contamination of the samplewith
other microorganisms or delays in the analysis do not affect
the results. The same index was reported by Tantillo et al.
(18), who studied the presence of Brucella spp. in 46 cheese
samples (goat and sheep cheese) by means of microbiological
cultureand PCR.

Differentiation of strain originin dairy products showed the
occurrence of the vaccinal strain B19 in 30/37 (81.08%) of the
positive samples. Besides the presence of vaccinal antibodies
in adult females, B19 strain may persistently infect the uterus,
and depending on the age and reproductive status of the female
at vaccination, and on the dose and vaccination method used,
constant or intermittent shedding of the microorganism in milk
may occur. Even in animals that are vaccinated at the
recommended age (3 to 8 months old) abortion or persistent
infection may occur after vaccination, with shedding of the
microorganisminmilk.

Brucella abortus in cheese

The present trial was efficient in the standardization of
sensitive and specific molecular techniquesthat may be applied
to dairy products for the detection of Brucella spp., aswell as
for the differentiation of vaccinal strain B19 and other Brucella
strains, aiding brucellosis control programs such as the
PNCEBT. Results set awarning for public health and to thefact
that incorrect vaccination and / or inadequate management that
occur inillegal dairy production should receive special attention
from governmental agenciesfor the brucellosiscontrol program
effectively to reach its objectives.
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RESUMO

Deteccédo de DNA de Brucella abortus em queijos
clandestinos provenientes de Sdo Paulo e Minas
Geraisediferenciacdo davacinaB19 pelareacdo da
polimerase em cadeia (PCR)

Foram analisadas 192 amostras de queijo clandestinas
provenientes de vérias regifes do Estado de Sdo Paulo e Minas
Gerais, Brasil, paraisolamento e deteccéo de DNA deBrucella
spp. através das técnicas de cultivo microbiol dgico e reacéo da
polimerase em cadela (PCR), respectivamente. Paraas amostras
positivas foi pesquisada a ocorréncia da espécie Brucella
abortus (biovares 1, 2 e 4), além dadiferenciacdo do DNA em
cepavacina B19 ou de campo por PCR. Néo foi possivel isolar
0 microrganismo de nenhuma amostra, porém, na PCR, 37
amostras(19,27%) foram positivas nareacdo com primersgénero
especificos e destas, todas (100%) foram comprovadas como
sendo Brucella abortus. A diferenciacéo da cepa revelou que
30/37 amostras (81,08%) eram cepavacina B19 e sete (18,92%)
eram cepas de Brucella abortus de campo. Os resultados
mostraram uma maior sensibilidade diagnéstica da PCR em
relacdo ao cultivo microbioldgico, e a padronizacdo da reacéo
de diferenciac@o da cepa em vacinal ou campo permitiu que
todas as amostras positivas para Brucella abortus fossem
analisadas, sendo uma metodologia confiavel e aplicavel a
infeccdes naturai's pelo microrganismo.

Palavras-chave: Brucellaabortus, B19, PCR, queijo
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