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The diagnosis of brucellosis is the corner stone in any control and eradication program. Therefore, the main
objective of the present study was to apply more advanced techniques for rapid and accurate diagnosis of
brucellosis that can overcome the draw backs of the traditional diagnostic techniques. Different polymerase
chain reaction (PCR) assays were applied in the present study, either singly or in a multiplex format, that
enable to detect and differentiate most of Brucella species. The PCR assay detection limit was evaluated in a
preliminary study. The obtained results recommend the PCR assay as a valuable, rapid, very specific, highly
sensitive and safe laboratory diagnostic test that can be used not only for detection of Brucella antigen either
in culture or in clinical samples but also in differentiating most of the virulent and vaccinal strains.
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INTRODUCTION

Brucellosis is a widespread infectious disease of animals
and humans. The infection is widely distributed in Egypt
and Mediterranean countries (Sayour et al., 1970;
Hamdy, 1992). The disease in animals is manifested by
reproductive failure, which includes abortion, birth of
unthrifty calves and retained placenta in female animals.
Lesions in Brucella infected males are largely confined to
genital organs including testicles, seminal vesicles and
epididymes (Morgan and Mackinnon, 1979). The disease
can also lead to a highly diverse illness in humans
(Probert et al., 2004).

The gold standard diagnostic technique continues to be
based on isolation of suspicious bacterial colonies from
host tissues, milk or vaginal exudates, followed by
bacteriological characterization (Alton et al., 1975). This
process has serious drawbacks, as it is time consuming,
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complicated, laborious, need highly skilled personal,
besides the zoonotic nature of most Brucella species
which is potentially hazardous, moreover, the results are
not always definitive (Bricker, 2002) . On the other hand,
there is no single serological test of choice for diagnosis
and control of brucellosis (Morgan, 1967; Ibrahim et al.,
1996). Frania (1985) concluded that serological tests
proved to be either too sensitive giving false positive
results, or too specific giving false negative results,
beside misdiagnosis due to cross reactivity of other gram
negative bacteria such as Yersinia enterocolitica with
smooth Brucella species.

However, quick and accurate identification of vaccine
strains would be required in many circumstances espe-
cially when the fate of the vaccine has to be determined
after vaccination, in epidemiological studies or in
differentiation among vaccinal strains and wild-type field
strains.

Numerous PCR based assays have been developed
and evaluated for the identification of Brucella species to
improve the diagnostic capabilities ranging from general



Table 1. PCR primers used for single and multiplex PCR.

Gene Primer" Primer sequence? Amplicon size (bp)

TEM F TTAACTGGCGAACTACTTAC 247
R GTCTATTTCGTTCATCCATA

SHV F AGGATTGACTGCCTTTTTG 393
R ATTTGCTGATTTCGCTCG

CMY-2 F GACAGCCTCTTTCTCCACA 1,000
R TGGACACGAAGGCTACGTA

CTXM-1 group F TTAGGAARTGTGCCGCTGYA 688
R CGATATCGTTGGTGGTRCCAT

CTXM-2 group F CGTTAACGGCACGATGAC 404
R CGATATCGTTGGTGGTRCCAT

CTXM-9 group F TCAAGCCTGCCGATCTGGT 561
R TGATTCTCGCCGCTGAAG

CTXM-8/25 group F AACRCRCAGACGCTCTAC 326
R TCGAGCCGGAASGTGTYAT

I'F' = forward: R = reverse.
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identification of the genus Brucella (Genus-Specific PCR
assay), that is designed to expoliate a single unique
genetic locus that was highly conserved in Brucella (e.g.
43 KDa omp, BCSP31, 1S6501/711 or 16SrRNA genes)
(Fekete et al., 1990; Baily et al., 1992; Herman and De
Ridder, 1992; Halling et al., 1993; Romero et al., 1995a;
Da Costa et al.,, 1996; Casanas et al., 2001). The
differential identification of Brucella species (differential
PCR-based assay), that depends on strain locus specific
multiplexing (e.g. AMOS-PCR based on 1S711, PCR-
RFLP or RAPD-PCR), (Bricker and Halling, 1994; Bricker
and Halling, 1995; Sifuentes et al., 1997; Tcherneva et
al., 2000; Adone et al., 2001; Redkar et al., 2001; Probert
et al., 2004; Ocampo-Sosa et al., 2005). Differential PCR
based assays are particularly useful for epidemiological
trace back or for species-specific eradication programs
(Bricker, 2002). PCR assay has been shown to be a
valuable rapid and sensitive technique in many national
and international publications (Husseinen, 1993; Gabal et
al., 1994; Amin et al., 1995; 2001; Hamdy and Amin,
2002; Richtzenhain et al., 2002; Tantillo et al., 2003; El-
Faki et al., 2005b; Garin-Bastuji et al., 2006; Gupta et al.,
20064a; Leary et al., 2006).

MATERIALS AND METHODS

Brucella strains

Six Brucella reference and vaccinal strains (Brucella abortus strain
544, B. abortus strain 19, B. abortus strain RB51, B. abortus strain
2308, Brucella melitensis strain M16 and B. melitensis Rev-1) were
used in this study. One B. melitensis biovar- 3 field isolate was also
used. All strains were kindly obtained from the Veterinary Serum
and Vaccine Research Institute, Abbassia, Cairo, Egypt.

Clinical samples

A total of 30 samples were obtained and used in the current study.

7 of them from aborted animals suspected to have Brucellosis. 2
samples of foetal fluids collected from aborting cows; 4 samples of
internal organs (lung, liver, kidney and heart) were collected form
aborted foetal. 1 sample of stomach content was collected from
aborted fetus and another 23 tissue samples were collected from
serologically positive cows.

DNA amplification by PCR assays

Different PCR assays were performed in the present study. The
amplification was performed in a programmable heating block,
(Primus Thermal Cycler, MWG Biotech, Germany). To ensure
reproducibility, each PCR was performed at least twice, the primers
used and the concentration of PCR reaction components as well as
the amplification conditions employed in different PCR assays
(Bricker and Halling, 1995).

PCR conditions (25 pl reaction volume). All solutions should be
thawed and kept cool, gently mixed and brief centrifuged, added in
a thin walled PCR tube on ice. The following PCR components
were added in each PCR tube: 2X PCR master mix 12.5 pl, DNA
template 150 to 200 ng, each primer 0.5 uM and nuclease free
water up to 25 pl. Amplification conditions, after gently mixing and
brief centrifugation of each PCR tube, all tubes were placed in the
theormal cycler and amplification program was initial denaturation at

95 C for 4 min, 35 cycles: denaturation step 95°C for 1.20 min,
annealing step at 55.5°C for 2 min and extension step at 72°C for 2
min. The final extension at 72°C for 10 min. The amplified product
was resolved using 1.5% agarose gel electrophoresis that is stained
with ethidium bromide and photographed by photo documentation
system (UVP, USA) (Sambrook et al., 1989).

Different sets of primers were synthesized by Fermentas,
AB.Gene (MWG, oligosynthesis- Germany). Different PCR assays
used (single or multiplex assays). The first to fourth PCR assays
were shown in Table 1. The first PCR assay was used for detection
of genus Brucella, the second PCR assay was used for detection of
B. abortus (biovar 1, 2 and 4), the third PCR assay was used for
differentiation of B. abortus S19 from other brucellae, the fourth
PCR assay was used for differentiation of B. abortus strain RB51/
2308 and the fifth PCR assay was carried out using primer sets (B4,
B5, Ba-SP and 1S711-SP) for the detection of Brucella species and
differentiation of B. abortus species form B. melitensis. The sixth
PCR assay was carried out using primer sets (B4, B5, Eril, and
Eri2) for differentiation of B. abortus S19 from other Brucella
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Figure 1. Detection limits of B. abortus RB51 DNA by PCR using B4, B5 primer set. Lane 1:

100 bp marker; lanes 2 to 10: Different concentrations from 1.7 x 10

and lane 12: Negative control.

species. The seventh PCR assay was carried out using primer sets
(B4, B5, I1IS711-SP, Ba-sp and RB51/ 2308 primer) for differentiation
of B. abortus strain RB51 from other B. abortus species. While the
eighth PCR assay was carried out using primer sets (B4, B5, Ba-
SP, I1S711-SP, Eril, and Eri2) for differentiation of B. abortus strain
19 from B. abortus strain RB51. Moreover, the ninth PCR assay
was carried out for detection of B. melitensis using primer sets (B4,
B5, Bm-SP, 1S711-SP, Eril and Eri2). Bm- SP 5° AAA TCG CGT
CCT TGC TGG TCT GA 3, IS711- SP- 5° TCG CGA TCA CTT
AAG GGC CTT CAT 3" (Bricker and Halling, 1994).

The tenth PCR assay was carried out using primer sets (B4, B5,
Ba-SP, Bm-SP, IS711-SP, RB51/ 2308 primer, Eril and Eri2) for
differentiation and discrimination between all tested Brucella
species.

Application of PCR on field samples

Thirty field samples were tested using different PCR assays. The
first PCR assay using primer set (B4 and B5), which indicate the
presence or absence of Brucella organism. The second assay was
multiplex PCR using primer sets (B4, B5, IS711-SP, Bm-Sp, Eril,
and Eri2), for detection and differentiation of B. melitensis. Another
PCR assay using primer sets (Bm-SP, 1S711-SP, Eril and Eri2)
were applied on the tissue samples collected from the serologically
positive cattle.

RESULTS AND DISCUSSION

As with any disease, control of brucellosis would benefit
from improvements in diagnostic methods, because of
the disadvantages of the traditional diagnostic techniques
(Bricker, 2002). In the current study advanced techniques
for direct detection and differentiation of different Brucella
species were performed. Different PCR assays were
applied either singly or in a multiplex format in order to
investigate the adaptation of PCR amplification assay as
rapid, simple, highly sensitive, very specific technigue for
the detection and differentiation of Brucella species either
following culture or directly in field samples.

In preliminary study, the relative sensitivity of the PCR
assay was determined. The detection threshold of PCR,

%40 1.7 x 10* CFU/mI

using the B4 and B5 primer set, was (1.7x102 CFU/mI),
Figure 1. While using RB 51/2308 primer set was

(1.7x103 CFU/ml), Figure 2. Such results suggest the
PCR amplification assay as a highly sensitive technique.
Even only a few DNA molecules can be amplified as in
samples with low titer of pathogen or highly contaminated
with other micro-organisms. These results agree with the
previously reported data by (Cetinkaya et al., 1999;
Cortez et al., 2001; Richtzenhain et al., 2002). The first
PCR assay (PCR assay 1) was reported by Baily et al.
(1992). Such assay was designated to amplify genus-
specific target DNA sequence. The primer set used for
amplification was specific for the gene encoding a 31
KDa Brucella outer membrane protein (BCSP31); the
gene encodes an antigenic, periplasmic protein of
unknown function. It is conserved in all species and
biovars of Brucella examined. The results indicated that
the product was successfully amplified from all the
examined Brucella reference, vaccinal and field isolates
strain (Figure 3). The results indicated the PCR as a
valuable tool for rapid diagnosis of brucellosis. These
results are in agreement with the conclusions previously
reported by (Gabal et al., 1994; DaCosta et al., 1996;
Ibrahim et al, 1996; Radwan and Ibrahim, 2000;
Casanas et al., 2001).

The AMOS PCR assay (Bricker and Halling, 1994), for
identification of Brucella species, was based on the
existence of IS711 copies specific for each of the Brucella
species, that exploiting the multi-copy element 1S711
(Halling et al., 1993), which is also known as 1S6501
(Bettach et al.,1993). As it is much easier and more
valuable to identify an isolate as S19, RB51 or any other
Brucella strain, the assay was modified (Bricker and
Halling, 1995), by the introduction of new primers (Eril,
Eri2 and RB51/2308 primer) that can detect and
differentiate B. abortus S19 vaccine strain and B. abortus
strain RB51 and/ or its parent strain 2308. The test was
previously evaluated and successfully applied as a diag-
nostic tool (Fekete et al., 1992; Leal-Klevezas et al., 1995;



Figure 2. Detection limits of B. abortus RB51 DNA by PCR using 1S711-SP, RB51/ 21308
primer set. Lane 1: 100bp marker; lanes 2 to 11: Different concentrations from 1.7 x 10" to

1.7 x 10° CFU/mI and lane 10 Negative control. PCR assays on DNA extracted from
Brucella reference and vaccinal strains as well as field isolate.

223 bp

Figure 3. PCR amplification of B. species-DNA from Brucella vaccinal and reference strains using the
primer set (B4, B5). Lane 1: 100 bp molecular weight marker; lane 2: B. melitensis 16 M; lane 3: B.
abortus strain 2308; lane 4: B. abortus strain 19; lane 5: B. abortus strain RB51; lane 6: B. abortus
strain 544; lane 7: B. melitensis Rev.land lane 8: Negative control.

Romero et al., 1995a; 1995b; Ewalt and Bricker, 2000;
Adon et al., 2001), applied with modified version (Redkar
et al., 2001; Ewalt and Bricker, 2003; Ocampo-Sosa et
al., 2005). Amplification of both 731 and 178 bp indicates
that the strain is B. melitensis. On the other hand,
amplification of both 498 and 178 bp indicates that, the
strain is B. abortus (biotype 1, 2 or 4) while amplification
of only the 498 bp indicates B. abortus strain 19. Failure
to amplify either the 731 bp or the 498 bp and
amplification of only the 178 bp indicate that the strain is
any Brucella species other than the above mentioned
species and biotypes (Bricker and Halling, 1995). In this
study, each primer set in the AMOS cocktail was tested
alone in a single test (PCR assays 2, 3 and 4), Figures 4,
5 and 6.

There were some previous trials to discriminate among
the species of the genus Brucella using the wide
possibilities of PCR techniques (Fekete et al., 1992b;

Bricker and Halling, 1994,1995; DaCosta et al., 1996;
Ouahrani-Bettach et al., 1996; Techerneva et al., 1996,
2000; Sifuentes et al, 1997; Redkar et al., 2001,
Ocampo-Sosa, 2005; Ferrao-Beck et al., 2006; Garcia-
Yoldi et al., 2006), who obtained similar results to that
obtained in the present study.

In the PCR assays (2, 3 and 4), each primer in the
AMOS cocktail alone was tested in a single test; the
encouraging result was promising to evaluate the
possibility of multiplexing through different steps (PCR
assays 5, 6, 7, 8 and 9). In PCR assay (5) a multiplex
PCR assay was employed using primer sets (B4, B5, Ba-
SP and 1S711-SP) for detection of Brucella species with
identification of B. abortus species from B. melitensis,
223 and 498 bp bands were successfully revealed from
B. abortus only, while only one band of 223 bp obtained
from B. melitensis (Figure 7). In the next PCR assay
(PCR assay 6) B4, B5, Eril and Eri2 primer sets were
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Figure 4. PCR amplification of B. abortus (biovar 1, 2 and 4) using the primer set (Ba-SP, 1S711-SP).
Lane 1: 100 bp molecular weight marker; lane 2: B. abortus strain 2308; lane 3: B. abortus S19; lane 4:
B. abortus strain RB51; lane 5: B. abortus strain 544; lane 6: B. melitensis 16M strain; lane 7: B.
melitensis Rev.1 and lane 8: Negative control.

178 bp

Figure 5. PCR amplification of B. species-DNA from Brucella vaccinal and reference
strains using the primer set (Eril, Eri2). Lane 1: 100 bp molecular weight marker; lane 2:
B. abortus strain 544; lane 3: B. abortus RB51; lane 4: B. abortus S19; lane 5: B.
melitensis 16M; lane 6: B. melitensis Rev.1; lane 7: B. abortus strain 2308 and lane 8:
Negative control.

364 hp

Figure 6. PCR amplification of B. species-DNA from Brucella vaccinal and reference strains
using the primer set (RB51/ 2308 primer, IS711-SP). Lane 1: 100 bp molecular weight
marker; lane 2: B. abortus RB51; lane 3: B. abortus strain 2308; lane 4: B. abortus S19;
lane 5: B. abortus strain 544 and lane 6: Negative control.
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Figure 7. PCR amplification of B. species-DNA from Brucella vaccinal and reference
strains using the primer sets (B4, B5, Ba-SP and 1S711-SP). Lane 1: 100 bp
molecular weight marker; lane 2: B. abortus RB51; lane 3: B. abortus strain 2308;
lane 4: B. abortus S19; lane 5: B. abortus strain 544; lane 6: B. melitensis 16M; lane

7: B. melitensis strain Rev.1 and lane 8: Negative control.

223 bp

178 bp

Figure 8. PCR amplification of B. species-DNA from Brucella vaccinal and
reference strains using the primer sets (B4, B5, Eril, and Eri2) . Lane 1: 100 bp
marker; lane 2: B. abortus strain 2308; lane 3: B. abortus strain RB51; lane 4: B.
abortus S19; lane 5: B. abortus strain 544; lane 6: B. melitensis strain 16M; lane 7:
B. melitensis strain Rev.1 and lane 8: Negative control.

used for differentiation of B. abortus strain 19 from other
Brucella species as expected 2 bands of 223 and 178 bp
were obtained from all Brucella strains except strain 19
show only one band of 223 bp (Figure 8). While in PCR
assay (7) another multiplex primer sets were used (B4,
B5, IS711-SP, Ba-SP and RB51/2308 primer) were used
for differentiation of B. abortus strain RB51 and its parent
strain 2308 form other B. abortus strains by revealing 3
different bands at 223, 364 and 498 bp from strain
RB51/2308, while 2 bands obtained only (223 and 498
bp) from other B. abortus strains (Figure 9). An important
mPCR (PCR 8) was used for differentiation of B. abortus
S19 form B. abortus strain RB51 (which are the most
common vaccine strains) among other brucellae (Figure
10). In PCR assay (9) a mPCR assay using primer sets
(B4, B5, Bm-SP, IS711-SP, Eril and Eri2) for differen-
tiation of B. melitensis form other Brucellae, 3 expected
products of 731, 223 and 178 bp were obtained from
different B. melitensis strains (Figure 11).

After some trials of PCR optimization it was possible to
apply the multiplexing PCR (PCR assay 10) on any
suspected Brucella isolate to confirm whether it is a wild
type Brucella field strain or strain 19 or RB51 vaccine
strain in a single test (Figure 12). The earlier mentioned
results are in agreement with those previously obtained
by (Bricker and Halling, 1994; Ewalt and Bricker, 2000;
Ocampo-Sosa et al., 2005; Garcia-Yoldi et al., 2006).

In the present study, a 223 bp amplicon was obtained
from 4 tissues samples out of 7 as shown in (Figure 13)
using PCR assay (1) indicating presence of Brucella
species, and a 731, 223 and 178 bp amplicons were
obtained from the same samples using PCR assay (9)
indicating that all the identified samples were B.
melitensis as shown in Figure 14.

Another 23 tissue samples were obtained from serolo-
gically positive animals. On applying PCR assay (using
primer sets B4, B5, Bm-Sp and IS711-SP), 21 out of 23
samples were positive giving amplified products at
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Figure 9. PCR amplification of B. species-DNA from Brucella vaccinal and reference
strains using the primer sets (B4, B5, IS711-SP, RB51/ 2308 and Ba-SP). Lane 1: 100
bp marker; lane 2: B. abortus strain 2308; lane 3: B. abortus strain RB51; lane 4: B.
abortus S19; lane 5: B. abortus strain 544 and lane 6: Negative control.

498 bp
223 bp

178 bp

Figure 10. PCR amplification of B. species-DNA from Brucella vaccinal and reference
strains using the primer sets (B4, B5, Ba- SP, IS711- SP, Eril, and Eri2). Lane 1: 100
bp marker; lane 2: B. abortus strain RB51; lane 3: B. abortus S19 and lane 4: negative
control.

Figure 11. PCR amplification of B. species-DNA from Brucella vaccinal and reference
strains using the primer sets (B4, B5, Bm-SP, IS711-SP, Eril and Eri2). Lane 1: 100 bp
marker; lane 2: B. melitensis 16M; lane 3: B. melitensis strain Rev.1 and lane 4: Field
isolate (B. melitensis biovar 3).
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Figure 12. PCR amplification of B. species-(B4, B5, Ba-SP, Bm-SP, 1S711-SP, RB51/ 2308
primer, Eril and Eri2). Lane 1: 100 bp marker; lane 2: B. abortus strain 2308; lane 3: B.
abortus strain RB51; lane 4: B. abortus S19; lane 5: B. abortus strain 544; lane 6: B.
melitensis strain 16 M; lane 7: B. melitensis strain Rev.1 and lane 8: negative control.

_ 223 bp

Figure 13. PCR amplification of Brucella species DNA from aborted bovine fetus
samples using (B4, B5) primer set. Lane 1: 100 bp marker; lane 3 to 5: Positive field
samples; lane 6 to 7: Negative field samples; lane 2: positive control and lane 8:
Negative control.

731 bp
224 bp

178 bp

Figure 14. PCR amplification of Brucella species DNA from aborted bovine fetus
samples using (B4, B5, Bm- SP, IS711-SP, eril and eri2) primer sets. Lane 1: 100 bp
marker; lane 3 to 5: Positive field samples; lane 6 to 7: Negative field samples; lane 2:
positive control and lane 8: Negative control.
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Figure 15. PCR amplification of Brucella species DNA from different tissue samples using
(Bm-SP, I1S711-SP, Eril and Eri2) primer sets. Lane 1: 100 bp marker; lane 2 to 11: Positive
field samples; lane 2: positive control and lane 10: Negative control.

224 and 731 bp (Figure 14). These results indicating that
all positive samples identified as Brucella species were B.
melitensis (Figure 15). Similar results were previously
reported (Amin et al., 1995; Hamdy and Amin, 2002;
Rijpens et al.,, 1996; Gupta et al., 2006a; 2006b) also
succeeded to detect Brucella DNA in field samples.

Two out of 23 samples were PCR negative but sero-
positive animals could be explained by many factors;
such as the PCR inhibitors which could be the cause of
amplification failure. Although protocol for DNA extraction
was used to eliminate inhibitors, persistence of such
inhibitors in some samples could be the reason of some
false negative PCR (Manterola et al., 2003). Another
factor of false negative PCR is the number of Brucella
organisms below the detection threshold, degradation of
target DNA in the samples and inefficient DNA extraction
(Romero et al., 1995b).

In conclusion, PCR based assays have been proved to
be an important alternative rapid technique that overcome
problems and disadvantages of currently used traditional
methods. The PCR is very specific and highly sensitive
technique that can be used not only for detection of
Brucella antigen either in culture or in clinical samples but
also in differentiating most of virulent and vaccine strains.
The possibility of using the PCR technique to detect the
DNA of dead bacteria and even in samples highly
contaminated with other micro-organisms could increase
the rate of detecting infected animals. A great attention
should be paid for the optimal reaction condition. The
assay was optimized to allow maximum sensitivity even
in the multiplex format. The multiplex format of the assay
reduces the reagent cost and save time required to
perform testing for brucellosis.

ACKNOWLEDGMENT

The authors extend their appreciation to the Deanship of
Scientific Research at King Saud University for funding
the work through the research group project No.: RGP-

VPP-162

REFERENCES

Adone R, Ciuchini F, La Rosa G, Marianelli C, Muscillo M (2001). Use of
polymerase chain reaction to identify Brucella abortus strain RB51
among Brucella field isolates from cattle in Italy. J. Vet. Med. B Infect.
Dis. Vet. Public Health, 48: 107-111

Alton GG, Jones LM, Pietz DE (1975). Laboratory Techniques in
Brucellosis. Monograph Series. World Health Organization, Geneva,
Switzerland.

Amin AS, Hamdy ME, Ibrahim AK (2001). Detection of Brucella
melitensis in semen using the polymerase chain reaction assay. Vet.
Microbiol., 83: 37-44.

Amin AS, Husseinen HS, Radwan GS, Shalaby MN, El-Danaf N (1995).
The polymerase chain reaction assay as a rapid and sensitive test for
detection of Brucella antigen in field samples. J. Egypt Vet. Med.
Assoc., 55(3): 761- 787.

Baily GG, Krahn JB, Drasar BS, Storker NG (1992). Detection of
Brucella melitensis and Brucella abortus by DNA amplification. J.
Trop. Med. Hyg., 95: 271-275.

Bricker BJ (2002). PCR as a diagnostic tool for brucellosis. Vet.
Microbiol., 90: 435-446.

Bricker BJ, Halling SM (1994). Differentiation of Brucella abortus biovar
(1, 2, and 4), Brucella melitensis, Brucella ovis and Brucella suis
biovar 1 by PCR. J. Clin. Microbiol., 32: 2660-2666.

Bricker BJ, Halling SM (1995). Enhancement of the Brucella AMOS
PCR assay for differentiation of Brucella abortus vaccine strains S19
and RB51. J. Clin. Microbiol., 33: 1640-1642.

Casanas MC, Queipo-Orturo MI, Rodriguez-Torres A, Orduna A,
Colmenero JD, Morata P (2001). Specificity of a polymerase chain
reaction assay of a target sequence on the 31 KDa Brucella antigen
DNA used to diagnose human Brucellosis. Eur. J. Clin. Microbiol.
Infect Dis., 20: 127- 131.

Cetinkaya B, Ongor H, Muz A, Ertas HB, Kalender H, Erdogan HM
(1999). Detection of Brucella species DNA in the stomach content of
aborted sheep fetuses by PCR. Vet. Rec., 144: 239-240.

Cortez A, Scareelli E, Soares RM, Heinemann MB, Sakamoto SM,
Genovez ME, Ferreira F, Richtzenhain LJ (2001). Detection of
Brucella DNA from aborted bovine fetuses by polymerase chain
reaction. Aust. Vet. J., 79: 500-501.

Da Costa M, Guillou JR, Garin- Bastuji B, Thiehbaud M, Dubray G
(1996). Specificity of six gene sequences for the detection of the
genus Brucella by DNA amplification. J. Appl. Bacteriol., 81: 267-275.

El-Faki MG, Uz-Zaman T, Al-Hokail AA, Nakeeb SM (2005). Detection
of Brucella DNA in sera from patients with brucellosis by polymerase
chain reaction assay. Diagn. Microbiol. Infect. Dis., 53(1): 1- 7.

Ewalt DR, Bricker BJ (2000). Validation of the abbreviated Brucella



AMOS PCR as a rapid screening method for differentiation of Brucella
abortus field strain isolates and the vaccine strains, 19 and RB51. J.
Clin. Microbiol., 38: 3085-3086.

Ewalt DR, Bricker BJ (2003). Identification and differentiation of Brucella
abortus field and vaccine strains by BaSS-PCR. Methods Mol. Biol.,
216: 97-108.

Fekete A, Bantle JA, Halling SM (1992a). Detection of Brucella by
polymerase chain reaction in bovine fetal and maternal tissues J. Vet.
Diagn. Investig., 4(1): 79- 83.

Fekete A, Bantle JA, Halling S, Sanborn MR (1990). Preliminary
development of a diagnostic test for Brucella using polymerase chain
reaction. J. Vet. Diagn. Investig., 69: 216-227.

Fekete A, Bantle JA, Halling SM, Skich RW (1992b). Amplification
fragment length polymorphism in Brucella strains by use of
polymerase chain reaction with arbitrary primers. J. Bacteriol.,
174(23): 7778-7783.

Ferrao-Beck L, Cardoso R, Munoz PM, Demiguel MJ, Albert D, Ferreira
AC, Marin CM, Theibaud M, Jacques I, Grayon M, Zygmunt MS,
Grain-Bastuji B, Blasco JM, Sa Ml (2006). Development of a multiplex
PCR assay for polymorphism analysis of Brucella suis biovars
causing Brucellosis in swine. Vet. Microbiol., 115(1-3): 269-277.

Frania R (1985). Current serological methods in Brucella melitensis
diagnosis. Brucella melitensis. J.M. Verger and M. Plommet (ed.)
INRA, Nouzilly, France.

Gabal MA, Amin AS, Radwan GS, El-Danaf N (1994). Use of non
radioactive DNA probe and the polymerase chain reaction in the
diagnosis of Brucellosis. Conference of research workers in animal
diseases (CRWAD) Chicago, IL. USA.

Garcia-Yoldi D, Marin CM, DeMiquel MJ, Munoz PM, Vizmanos JL,
Lopez-Gooni J (2006). Multiplex PCR assay for identification and
differentiation of all Brucella spp. and the vaccine strains B. abortus
S19, RB51 and B. melitensis Rev.1. Clin. Chem., 52(4): 779-781.

Garin-Bastuji B, Blasco JM, Marin C, Albert D (2006). The diagnosis of
brucellosis in sheep and goats, old and new tools. Small Ruminant
Res., 62(1-2): 63- 70.

Gupta VK, Verma DK, Rout PK, Singh SV, Vihan VS (2006a).
Polymerase chain reaction for detection of Brucella melitensis in goat
milk. Small Ruminant Res., 65: 79-84.

Gupta VK, Verma DK, Singh K, Kumari R, Singh SV, Vihan VS (2006b).
Single step PCR for detection of Brucella melitensis from tissue and
blood of goats. Small Ruminant Res., 66(1-3): 169- 174.

Haling SM, Tatum FM, Bricker BJ (1993). Sequence and
characterization of an insertion sequence IS711, from Brucella ovis.
Gene, 133: 123-127.

Hamdy ME (1992). Epidemiological studies in Brucella melitensis in
dairy animals and man. Ph.D. Thesis (zoonosis). Fac. Vet. Med.
Cairo University.

Hamdy ME, Amin AS (2002). Detection of Brucella species in the milk of
infected cattle, sheep, goats and camels by PCR. Vet. J., 163: 299-
305.

Herman L, De-Ridder H (1992). Identification of Brucella spp. by using
the polymerase chain reaction. Appl. Environ. Microbiol., 58: 2099-
2101.

Husseinen SH (1993). Genetic variation among Brucella species at the
Omp2 locus. Ph.D. Fac. Vet. Med, Cairo University.

Ibrahim 1G, Bassiony AM, Radwan SG, Amin AS (1996). Modem
techniques for diagnosis of brucellosis. The use of ELISA and PCR
amplification assays. Egypt Soc. Anim. Reprod. Cairo, Egypt. pp.
291- 294.

Leal-Klevezas DS, Lopez-Merino A, Martinez- Soriano JP (1995).
Molecular detection of Brucella spp.: rapid identification of Brucella
abortus biovars 1 using PCR. Arch. Med. Res., 26: 263-267.

Leary SO, Sheahan M, Sweeney T (2006). Brucella abortus detection
by PCR assay in blob, milk, and lymph of serologically positive cows.
Res. Vet. Sci., 81(2): 170- 176.

Manterola L, Tejero-Garces A, Ficapal A, Shopayeva G, Blasco JM,
Marin CM, Lopez-Goni | (2003). Evaluation of a PCR test for the
diagnosis of Brucella ovis infection in semen samples from rams. Vet.
Microbiol., 92: 65-72.

Morgan WJ (1967). The serological diagnosis of bovine brucellosis. Vet.
Rec., 80(21): 612-620.

Morgan WJ, MacKinnon DG (1979). Brucellosis, Chapter In: Fertility and
infertility in domestic animals, ed. Laing. ELBS, Bailliere Tindall, 3
edition, 9: 171-198.

Ocampo-Sosa AA, Aguero-Balbin J, Garcia-lobo JM (2005).
Development of a new PCR assay to identify Brucella abortus biovars
5, 6 and 9 and the new sub group 3b of biovar3. Vet. Microbiol., 110:
40- 51.

Ouahrani-Bettach S, Soubrier MP, Liautard JP (1996). 1IS6501-anchored
PCR for the detection and identification of Brucella species and
strains. J. Appl. Bacteriol., 81: 154- 160.

Probert WS, Schrader KN, Khuong NY, Bystrom SL, Graves MH (2004).
Real time multiplex PCR assay for detection of Brucella species,
Brucella abortus and Brucella melitensis. J. Clin. Microbiol., 42(8):
3649- 3654.

Radwan GS, Ibrahim IG (2000). Polymerase chain reaction for detection
of Brucella species: Utility in diagnosis of animal infection. Minufyia
Vet. J., 1(1): 41- 52.

Redkar R, Rose S, Bricker B, Del Vecchio V (2001). Real-time detection
of Brucella abortus, Brucella melitensis and Brucella suis. Mol. Cell
Probes, 5(1): 43-52.

Richtzenhain LJ, Cortez A, Heinemann MB, Soares RM, Sakamoto SM,
Vascoooncellos SA, Morais ZM, Scarrcelli E, Genovez ME (2002). A
multiplex PCR for the detection of Brucella spp. and Leptospira spp.
DNA from aborted bovine fetuses. Vet. Microbiol., 87: 139-147.

Rijpens NP, Jannes G, Van Asbroeck M, Rossau R, Herman LM (1996).
Direct detection of Brucella spp. in raw milk by PCR and reverse
hybridization with 16S-23S rRNA spacer probes. Appl. Environ.
Microbiol., 62: 1683-1688.

Romero C, Gamazo C, Pardo M, Lopez-Goni | (1995a). Specific
detection of Brucella DNA by PCR. J. Clin. Microbiol. 33: 615-617.
Romero C, Pardo M, Grillo MJ, Diaz R, Blasco JM, Lopez-Goni |
(1995b). Evaluation of PCR and indirect enzyme-immunosorbent
assay on milk samples for diagnosis of brucellosis in dairy cattle. J.

Clin. Microbiol., 33: 3198-3200.

Sambrook J, Fritsch E, Maniatis T (1989). Molecular cloning: A
laboratory manual, second edition. Cold Spring Harbor Laboratory
Press.

Sayour EM, El-Gibaly SM, El-Nassan AA (1970). Investigation on the
common Brucella strains in UAR. J. Egypt Vet. Med. Assoc., 30: 109.

Sifuentes AM, Revol A, Barrera-Saldana HA (1997). Detection and
differentiation of the six Brucella species by polymerase chain
reaction. Mol. Med., 3: 734-739.

Tantillo GM, Dipinito A, Buonavoglia C (2003). Detection of Brucella
spp. in soft cheese by semi nested polymerase chain reaction. J.
Dairy Res., 70: 245- 247.

Techerneva E, Rijpens N, Jersek B, Herman LM (2000). Differentiation
of Brucella species by random amplified polymorphic DNA analysis.
J. Appl. Microbiol., 88: 69-80.

Techerneva E, Rijpens N, Naydensky C, Herman L (1996). Repetitive
element sequence based polymerase chain reaction for typing of
Brucella strains. Vet. Microbiol., 51: 169-178.



