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Summary 
 

 Bovine brucellosis is a zoonotic disease distributed worldwide and characterized by abortion and reduced 
fertility in cows. Since brucellosis eradication programme in Iran uses vaccination, test, slaughter and 
quarantine as control measures, it is essential to distinguish vaccine strains from strains that cause infections 
among vaccinated cattle herds. We developed and evaluated a multiplex polymerase chain reaction (PCR) 
assay to identify and differentiate the vaccine strains from wild field isolates, including all Brucella types 
usually found in cattle in Iran. Two pair primers were used to amplify eri and wbo regions of DNA sequences 
those strain-specific targets for B. abortus S19 and RB51 vaccine strains. This multiplex PCR method 
evaluated with DNA from reference strains, two vaccine strains and 29 field strains of Brucella. The results 
showed that the multiplex PCR can differentiate Brucella isolates into three categories: strain 19 (S19), strain 
RB51 and field strains. This PCR assay was successfully used, compared with traditional method to 
differentiate of S19 and RB51 from field Brucella isolates. 
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Introduction 
 

 Bovine brucellosis is a zoonotic disease 
distributed worldwide and characterized by 
abortion and reduced fertility in cows. The 
disease is caused by Brucella abortus, which 
is able to survive and multiply within the 
tissues of the reticuloendothelial system 
(Samartino and Enright, 1993). 
  Vaccination with live, attenuated B. 
abortus strains has been effective in 

preventing B. abortus infection and abortion 
in cattle. Until recently, strain 19 (S19), a 
naturally smooth and attenuated strain of B. 
abortus, had been used as the vaccine for 
cattle brucellosis. There are several 
disadvantages with adult S19 vaccination 
such as cross reactivity in diagnostic tests 
and abortion in pregnant cattle (Nagy et al., 

1967; Diaz et al., 1968; Nicoletti, 1990; 
Sutherland and Searson, 1990). So vaccine 
strain RB51 was developed and vaccination 
with this strain is as effective as vaccination 
with S19 in protecting cattle against 
brucellosis (Cheville et al., 1993, 1996). 
Vaccine strain RB51 (S-RB51) is an 
attenuated, rough organism which 
essentially lacks the O-side chain of the LPS 
(Schurig et al., 1991). The lack of O-side 
chain means that this vaccine can be given 
one or several times without inducing 
antibodies that interfere with conventional 
diagnostic tests (Schurig et al., 1991). 
Recently, vaccine S-RB51 being replaced 
S19 in some commercial herds in Iran. 
Brucellosis vaccination programme in Iran 
involves mandatory vaccination of 4–12-
month-old female calves (full dose) and 
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adult (reduced dose) in four provinces 
(Tehran, Isfahan, Qom, Qazvin) with RB51, 
and the use of S19 vaccine (full dose) in 3–
6-month-old female calves in other areas. 
  Since the brucellosis eradication pro-
gramme in Iran uses vaccination, test, 
slaughter and quarantine as control 
measures, it is essential to distinguish 
vaccine strains from strains that cause 
infections in vaccinated cattle herds. 
Although bacteriological characterization 
and biotyping process of Brucella organisms 
is reliable and usually applied to distinguish 
vaccine strains, this process also have some 
disadvantages. First, the length of the 
process from clinical specimen to definitive 
identification takes time—typically, two 
weeks. Second, the tests are complex and 
must be performed in an authorized 
laboratory by highly-skilled personnel. 
Some of the characteristics are subjective, 
such as colony morphology, and require the 
trained eye and an experienced hand. Third, 
the zoonotic nature of most Brucella species 
is a potential hazard for laboratory personnel 
who must manipulate the infectious agent 
during testing. Finally, the results are not 
always definitive (Bricker, 2002). Therefore, 
a rapid test which is highly sensitive and 
highly specific is needed more than ever. 
Hence, we designed a multiplex PCR assay 
to distinguish S19 and RB51 vaccine strains 
from all field strains of Brucella isolated in 
Iran. 
 
Materials and Methods 
 
Samples 
  In addition to reference and vaccine 
strains (S19 and RB51), several field 
isolated biovars and strains of B. abortus 
and B. melitensis which usually found in 
cattle in Iran were tested. Bacterial strains 
and biovars used in this study are listed in 
Table 1. Bacterial strains which isolated in 
Microbiology Laboratory of Faculty of 
Veterinary Medicine of Tehran University, 
consisted of 25 strains including, B. abortus 
biovar 3 (n = 21), B. melitensis biovar 1 (n = 
3) and B. melitensis biovar 2 (n = 1). These 
bacteria were isolated from milk or supra-
mammary lymph nodes of several cows 
which were naturally infected with Brucella. 

These samples collected from cows when 
transported to slaughterhouses in Tehran 
province. Also, we tested four additional 
Brucella biovars (1, 2, 5 and 7) which were 
isolated from cases with brucellosis in low 
frequency in Iran by Razi Vaccine and 
Serum Research Institute (since 1972 until 
2000). 
 
Table 1: Brucella reference, vaccine and field 
strains that used in this study 

Bacterium Biovar Strain No. of 
strains 

B. abortus* 1   S99 (Reference)     1 

B. abortus* 1   544 (Reference)     1 

B. abortus* 1   RB51 (Vaccine)     1 

B. abortus* 1   S19 (Vaccine)     1 

B. abortus* 1   Field strain     1 

B. abortus* 2   Field strain     1 

B. abortus** 3   Field strain     21 

B. abortus* 5   Field strain     1 

B. abortus* 7   Field strain     1 

B. melitensis* 1   16M (Reference)     1 

B. melitensis** 1   Field strain     3 

B. melitensis** 2   Field strain     1 

*These strains provided by Razi Vaccine and 
Serum Research Institute of Iran. **These strains 
isolated in Laboratory of Microbiology of 
Faculty of Veterinary Medicine, University of 
Tehran 
 
Bacteriological analysis 
  Brucella species, biovars and vaccine 
strains were identified by morphological, 
serological and conventional biochemical 
tests, growth in the presence of thionine, 
fuchsin, rifampicin, benzylpenicillin and i-
erythritol. The strains were tested by 
monospecific A, M and R antisera and 
phage lysis with Tibilissi (Tb) phage 
according to the standard procedures (Alton 
et al., 1988; Schurig et al., 1991). 
 
Genomic DNA extraction 
  A medium-sized bacterial colony 
suspended in 200 µl of sterile distilled water, 
incubated in a boiling water bath for 15 min, 
and centrifuged for five min at 10,000 × g, 
and then two µl of the supernatant was used 
as template DNA for the polymerase chain 
reaction (PCR) amplification (Holmes and 
Quiqley, 1981). 
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Primers 
  We used two pairs of strain-specific 
primers to show differences between vaccine 
strains (S19 and RB51) and field strains of 
Brucella. Our multiplex PCR assay 
contained the following primers: wbo1 5´-
GCC AAC CAA CCC AAA TGC TCA 
CAA-3´ and wbo3 5´-TTA AGC GCT GAT 
GCC ATT TCC TTC AC-3´ for RB51 
detection (Vemulapalli et al., 1999); eri1 5´-
GCG CCG CGA AGA ACT TAT CAA-
3´and eri2 5´-CGC CAT GTT AGC GGC 
GGT GA-3´ for S19 detection (Bricker and 
Halling, 1995; Ewalt and Bricker, 2000). 
  These primers were designed previously 
based on the following strain-specific 
genetic differences for two PCR assays 
separately: a) a wboA gene disruption by an 
IS711 element in the B. abortus RB51 
(Vemulapalli et al., 1999); and b) a 702-bp 
deletion in the eri operon (essential for 
erythritol catabolism) in the B. abortus S19 
(Sangari et al., 1994). All oligonucleotide 
primers used in this study were synthesized 
by Cinnagen Co. in Iran. 
 
DNA amplification and detection of 
PCR product 
  PCR amplifications were performed in a 
25-µl volume using thermal cycler (MG 
5331, Eppendorf, Hamburg). The following 
PCR conditions were applied to each assay; 
50 mM KCl, 10 mM Tris-HCl (pH = 9.0), 2 
mM MgCl2, 200 µM dNTPs, 10 pM of each 
primer, 1.25 U Taq DNA polymerase 
(Fermentas) and 2 µl of template DNA. 
  After initial denaturation of template 
DNA at 95°C for seven min, the PCR profile 
was as follows: 30 cycles of 45 s of template 
denaturation at 95°C; 60 s of primer 
annealing at 64°C and 45 s of primer 
extension at 72°C; with a final extension at 
72°C for six min. The presence of PCR 
products was determined by electrophoresis 
of 10 µl of reaction product in a 1.5% 
agarose gel in TBE (89 mM Tris-HCl, 89 
mM boric acid, 2.0 mM EDTA, pH = 8.0) 
electrophoresis buffer and were visualized 
by staining with ethidium bromide (0.5 
µg/ml) under UV light. Images were 
captured on a computer. Sterile water was 
used as the negative control. At least each 
sample was tested in duplicate. 

Specificity of primers 
  We tested the specificity and cross 
reactivity of this strain-specific multiplex 
PCR assay on several bacterial species that 
known to be etiologic agent of mastitis in 
cows (Staphylococcus aureus, Streptococcus 
spp. and Escherichia coli) and bacteria that 
are phylogenetically and serologically 
related to Brucella such as Agrobacterium 
spp. and Yersinia enterocolitica O:9, 
respectively. 
 
Results 
 
  DNA was successfully extracted from all 
Brucella reference, vaccine and field strains. 
When the two pairs of primers were used 
together in the reaction, different sizes of 
fragments were amplified. As expected, 
wbo1 and wbo2 produced ~1,300-bp 
fragment from RB51 and ~400-bp fragment 
from other field strains. Primers eri1 and 
eri2 amplified a 178-bp fragment from the 
field strains and RB51 genomic DNA but 
none from that of S19 strain (Fig. 1). 
  This multiplex PCR correctly identified 
all  of  bacteria listed in Table 1 as wild-type 
 

 
 

Fig. 1: Electrophoretic analysis (1.5% agarose 
gel) of DNA amplified fragments from 
different Brucella strains. DNA was amplified 
by multiplex PCR. Lane 1: Marker 100 base 
pair; Lane 2: negative control; Lane 3: B. 
abortus strain RB51; Lane 4: B. abortus strain 
S19; Lane 5: B. abortus 544; Lane 6: B. 
abortus S99; Lane 7: B. abortus biovar 1; Lane 
8: B. abortus biovar 2; Lane 9: B. abortus 
biovar 3; Lane 10: B. abortus biovar 5; Lane 
11: B. abortus biovar 7 and Lane 12: B. 
melitensis 16 M. Primer-dimer complexes of 
less than 100 bp were occasionally observed in 
the reaction mixtures 
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field strains or Brucella vaccine strains 
(RB51/S19) compared with traditional 
microbiological and biotyping methods. 
  No amplified products were detectable 
when the template was genomic DNA from 
bacteria that are closely related to Brucella 
such as Agrobacterium spp. No products 
could also be amplified from the genomic 
DNAs of Y. enterocolitica O:9 which 
synthesizes O antigen that is identical to that 
of Brucella. In addition, the result of PCR 
on several bacterial species that known to be 
etiologic agent of mastitis in cows (S. 
aureus, Streptococcus spp. and E. coli) was 
negative and no cross reactions was 
observed. 
 
Discussion 
 
  Brucellosis, caused by species of the 
Gram-negative bacterium Brucella, 
continues to be a problem for humans and 
animals throughout the world (Alton et al., 
1988). For some purposes, such as diagnosis 
of human brucellosis or contamination of 
food products a genus-specific PCR assay is 
sufficient. However, there are many 
instances where the Brucella strains and 
biovars discrimination is important. For 
example, in brucellosis eradication 
programms and appropriate action for each 
epidemiological source of infection it is 
necessary to differentiate the vaccine strains 
from the field strains (Bricker, 2002). 
Accurate typing of Brucella is critical for 
eradication and control of disease-causing 
organisms. The classical method of 
identification of the species and biovars of 
Brucella strains requires a minimum of five 
days. Application of molecular assays may 
usefully provide high sensitivity and 
specificity as well as speed for genotyping. 
  The multiplex PCR in Brucella was first 
used in the USA (Bricker and Halling, 1994) 
exploiting the multi-copy element IS711 
(Halling et al., 1993), also known as IS6501 
(Ouahrani et al., 1993). The PCR assay was 
named “AMOS” which is an acronym for 
the Brucella species it can identify. AMOS-
PCR can identify and differentiate B. 
abortus, B. melitensis, B. ovis and B. suis. 
As more Brucella gene sequences were 
published (Sangari et al., 1994; Vemulapalli 
et al., 1999), this PCR assay was modified to 

distinguish the two commonly used vaccine 
strains: S19 and RB51 among wild field 
strain by strain-specific primers (Bricker and 
Halling, 1995; Ewalt and Bricker, 2000). 
  Use of the modified AMOS technique 
(Bricker and Halling, 1995) in Iran for 
diagnostic purposes is not suitable, because 
of the difference between the Brucella 
species in our country and strains present in 
the USA. For instance, B. abortus biovar 3 
which is the most frequent biovar existing in 
Iran (Zowghi and Ebadi, 1982) cannot be 
detected by this method (Bricker and 
Halling, 1994; Adone et al., 2001). In 
addition, unresolved bands ranging from 
600- to 700-bp were reported from RB51 in 
this method (Adone et al., 2001). 
  We developed a multiplex PCR assay 
that can identify and differentiate two 
vaccine strains from field isolates and 
biovars (Table 1). Originally, PCR assay 
that distinguished RB51 from other strains, 
performed with combinations of primers 
wbo1, wbo2 and wbo3, whereas in our 
multiplex PCR only the reaction mixtures 
contained wbo1 and wbo3 primers with two 
additional primers of eri1 and eri2 from 
modified AMOS-PCR to distinguish RB51 
and S16 vaccine strains from other strains 
(Bricker and Halling, 1995; Vemulapalli et 
al., 1999; Ewalt and Bricker, 2000). These 
four primers employed in a multiplex PCR 
to amplify eri and wbo regions of DNA 
sequences of those vaccine strain-specific 
targets for S19 and RB51, respectively and 
produced PCR amplified fragments of 
different sizes which make it easy for 
analysis on agarose gel. These primers were 
chosen to allow a more distribution of 
amplicon sizes for easier analysis. In 
addition, combination of these primers 
allowed us to have an internal control for 
S19 strain that producing a 400-bp fragment 
in this multiplex PCR assay. Field strains of 
Brucella amplified two DNA fragments of 
178- and 400-bp, while the oligonucleotide 
primers, allowed the amplification of 178-bp 
plus a 1300-bp fragment specific for RB51. 
In addition, the identification of S19 is based 
on the presence of a 400-bp fragment as the 
only product and the absence of 
amplification of a 178-bp fragment. So 
identification of S19 is based on a PCR 
primer pair which amplifies a short sequence 
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(178-bp) of the eri gene, present in all 
Brucella strains except B. abortus S19 
(Sangari et al., 1994; Bricker and Halling, 
1995). In a study which employed eight-pair 
primers to differentiate all Brucella species 
and vaccine strains, these two regions of 
gene (eri and wbo) were also used to 
distinguish vaccine strains (Garcia-Yoldi et 
al., 2006). 
  Based on these results, we recommend 
the PCR assay with primers wbo1, wbo3, 
eri1 and eri2 to distinguish strain RB51 and 
S19 from all other Brucella strains. The 
assay described in this report has several 
advantages over the current microbiological 
methods used to identify Brucella species. A 
major advantage is the speed with which the 
assay can be performed, i.e., within less than 
one working day this method provides 
useful, early information to make a decision. 
In addition, the bacteria can be killed and 
sent for identification. This is very important 
because Brucella is a human pathogen. 
  The comparison of the conventional 
methods and multiplex PCR results from all 
bacteria for the diagnosis of B. abortus 
vaccine or Brucella field strains, showed 
100% agreement between both tests. 
Samples were correctly identified as either 
Brucella field strain; B. abortus vaccine 
strain RB51 or B. abortus vaccine strain 
S19. This PCR assay has provided methods 
for the direct analysis of cultured bacterial 
samples. In future studies, this PCR method 
can be used as a direct test for differentiation 
of post-vaccine infection from field infection 
in clinical sample such as tissues, semen, 
milk and blood of cattle. However, it is 
necessary to remove PCR inhibiting 
components and needs extensive sample 
preparation (Leal-Klevezas et al., 1995). 
The main advantage of the assay is its ability 
to differentiate two vaccine strains which are 
used in Iran from field isolates. This PCR is 
rapid, very specific and easily adapted to 
high volume demands. As long as careful 
attention is given to avoid contamination, 
the method is very reliable and usually 
highly reproducible at any properly-
equipped laboratory so this assay can be 
used by National Veterinary Services 
Laboratories, where most of the suspected 
veterinary samples are submitted for 
identification of causative organisms. This 

multiplex PCR assay has the ability to 
quickly verify the presence or absence of 
RB51 and S19 among Brucella isolates from 
clinical samples. 
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