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Abstract 
Brucella transmission and epidemiology depend on infecting species and biovar. Therefore, exact identification of the 
Brucella is important to design correct control and treatment strategies. In this study, we examined presence of other 
Brucellae in Isfahan. One hundred twenty Brucella isolates were collected and genomic DNA was extracted from them. 
omp2a fragment of all isolates were amplified using a pair of specific primers and the PCR products were electrophoresed 
and stained with EtBr. These PCR products were then restricted using PstI restriction endonuclease. The PCR products of 
all isolates had the same size of 1100bp. The banding pattern of PCR-RFLP for all of the isolates were similar to banding 
pattern of the Brucella melitensis biotype 1 except for 5 samples that demonstrated banding pattern similar to B. abortus. 
Based on our results, it is clear that biotype 1 of the B. melitensis is not the only Brucella present in Isfahan and now B. 
abortus is also present in our area. These results are very important in planning for the control of the disease as well epide-
miology and even treatment of the patients. 
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Introduction 
Brucella is small, nonmotile, nonsporulating, 
nontoxigenic, nonfermenting, aerobic, Gram-nega-
tive coccobacilli that may, based on DNA homol-
ogy, represents a single species (1). Convention-
ally, however, they are classified into seven spe-
cies each of them comprising multiple biovars 
(2). By the discovery of new Brucella species, 
especially in wild animals, this number is increas-
ing (3). B. melitensis, B. suiss and B. abortus, can 
infect human (4), but human infection with B. 
canis has also been reported. Infection of humans 
with B. ovis and B. neotomae (5) and, the newly 
identified B. maris, has not been described (6). 
B.melitensis mainly infects sheep and goats (7, 
8) and B. abortus is the major cause of abortion 
in cattle (9). There are some reports that even in 
the countries that B. abortus have eradicated from 
cattle, in some areas B. melitensis has emerged 

as a cause of infection in this species as well as 
in sheep and goats (7). Still B. melitensis remains 
the principal cause of human brucellosis (10). B. 
suis is also emerging as an agent of infection in 
cattle, thus extending its opportunities to infect 
humans (11).  
Brucella species and biovars have been char-
acterized by phenotypic methods, although such 
methods are not always reliable (12). These spe-
cies and biovars may also be characterized by 
their natural host and the strain's geographical 
origin, however, a species may infect an animal 
other than its natural host, and a single strain 
may now be found in multiple geographic loca-
tions (13). Heretofore, standard serological tests 
used to detect Brucella have required several 
weeks time to complete and have not been able 
to distinguish between species of Brucella (14). 
The methods currently available to identify spe- 
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cies of infecting Brucella require the isolation of 
bacteria on selective media followed by quantita-
tive analysis of phenotypic properties of the or-
ganism. Phenotypic characterization may be based 
on such features as lipopolysaccharide antigens, 
phage typing, dye sensitivities, CO2 require-
ments, H2S production, and metabolic proper-
ties. Such methods are time-consuming (requir-
ing 1-4 weeks) and are unreliable (15). 
Recently, PCR-RFLP has provided evidence of 
polymorphism in a number of genes including 
omp2, dnaK, htr, and ery (16). The major outer 
membrane proteins (OMPs) of Brucella spp. were 
initially identified in the early 1980s and classi-
fied according to their apparent molecular mass. 
The genes encoding the group 2 porin proteins 
consist of two genes, omp2a and omp2b, which 
are closely linked in the Brucella genome, and 
share a great degree of identity (>85%). Interest-
ingly, only Omp2b is expressed in laboratory 
grown B. abortus (17).  
It is probable that new strains/ biovars of Brucella 
enter to a region. Information about the existing 
Brucellae in a region is essential for epidemiologi-
cal, diagnosis, prevention, and treatment of the 
diseases. Using serological techniques, it was 
demonstrated that the only species of Brucella 
in Isfahan, Iran was B. melitensis biovar I (18). 
In this study, we have applied PCR-RFLP on 
cultured Brucella isolates collected from fetus 
and blood cultures, to study the species/ biovars 
present in our region. 

 
Materials and Methods 
Working with Brucella could be very danger-
ous, therefore to prevent transfer of the disease 
to the personnel of laboratory strong biosafety 
measures should be applied, at least contain-
ment level 3. 
Sample collection     All sheep and cattle that 
are suspected with Brucella infection had to be 
examined by Isfahan Veterinary Clinic Net-
work laboratory. They use biotyping and sero-
typing to identify Brucella spp. For this study, 
120 Brucella isolates were examined that all were 

originated from Isfahan province. All of the sam-
ples were double-checked and confirmed by 
Brucella Department of Razi Institute. The sam-
ples were cultured human blood and sheep and 
cattle aborted embryo isolates. All Brucella iso-
lates from blood and aborted fetuses have been 
cultured both in Razi Institute and in our labora-
tory, on either Brucella agar or tryptic soy agar 
at 37 °C for approximately 48 h by conventional 
methods (19). 
DNA extraction     To extract chromosomal 
DNA, the cultured Brucella bacteria were 
washed off the plates in 5 ml of phenol/saline 
(0.1% w/v and 0.85% w/v, respectively) and the 
live bacteria were killed and collected by incu-
bation at 68 °C for 2 h followed by centrifuga-
tion at 5000 rpm for 20 min. The Brucellae were 
then incubated in lysozyme solution (4 mg/ml) 
for 30 min at 4 °C. Then sodium dodecyl sulfate 
(0.5% w/v) and proteinase K (200 mg/ml) were 
added, and incubated at 37 °C for 1 h. After that 
to purify the extracted DNA from its protein 
contaminants, the cell lysate was extracted once 
with phenol-chloroform-isoamyl alcohol (25: 
24: 1) and once with chloroform-isoamyl alcohol 
(24: 1). Finally, to increase concentration of the 
extracted and purified DNA, ethanol precipita-
tion was applied. The precipitated DNA was, 
washed with 70%, ethanol air dried, resus-
pended in TE (50mM Tris- HCl, 1mM EDTA 
pH 8.0). The quality and quantity of the ex-
tracted DNA analyzed using UV specteropho-
tomemetry (OD260/ 280) as well as agarose gel 
electrophoresis (1%) in TEA buffer (20mM 
Tris-acetate, 1mM EDTA pH 8.0) and ethidium 
bromide (0.5µg/ ml) staining. The DNA was 
then stored at 4 °C until use.  
PCR amplification: The Brucella omp2a gene 
was used as target DNA for PCR amplification. 
Specific oligonucleotides were used to prime 
the amplification this gene locus (20). The se-
quences of the forward and reverse primers were: 
omp2a F 5’-CCTTCAGCCAAATCAGAATG-3’ 
omp2a R 5’-GGTCAGCATAAAAAGCAAGC-3’ 
The primers were synthesized in our laboratory 
using an Alf DNA synthesizer.  



Iranian J Publ Health, Vol. 35, No. 4, 2006, pp.22-27 
 

 24 

The reaction mixture for PCR amplification 
contained 50 mM KCl, 1.75 mM MgCl2, 0.1% 
(w/v) Triton X-100, 0.2 mg/ml of BSA, and 
10mM Tris-HCl (pH 8.5), 10mM each of the 
four dNTPs, 100ng of sample DNA, and 1picoM 
of each of the appropriate oligonucleotide primer 
and 1 U of Taq DNA polymerase (SinaGene, 
Iran). The PCR cycle condition was 1 cycle 
consisting of 45 s at 95 °C for preliminary DNA 
denaturation, followed by 35 cycles consisting 
of 30 s 95 °C for DNA denaturation, 1 min at 
50 °C for DNA annealing, and 1 min at 72 °C for 

polymerase-mediated primer extension. This was 
followed with one last cycle of 72 °C for 7 min. 
PCR was performed in an Ependorfe Thermocy-
cler and then 10 µl of the amplified PCR product 
was analyzed by agarose (1.5%) gel electrophoresis. 
PCR product digestion     The PCR products 
were then restricted using PstI restriction en-
donuclease. Restriction enzyme was used ac-
cording to the manufacturer's (Fermentas) in-
structions in a 20 µl reaction volume containing 
8µl PCR product, 2 µl appropriate buffer, and 
10 µl ddH2O. The reaction was incubated at    
37 °C for 2 h before analyzing of the digestion 
result on agarose (2%) gels electrophoresis and 
ethidium bromide staining. 
 
Results 
All 120 cultured samples that were sent to Razi 
Institute proved to be Brucella. DNA was suc-
cessfully extracted from all of the sample plates. 
An average of about 100 µg highly pure DNA 
was extracted from each sample. The extracted 
DNA was PCR amplified as explained above. 
The PCR products of all 120 examined samples 
had the same size of 1100bp. The PCR products 
were then restricted using PstI restriction en-
donuclease and the results of digestion were 
analyzed using gel electrophoreses. The band-
ing pattern of PCR-RFLP for all of the isolates 
were similar to banding pattern of the Brucella 
melitensis biotype 1 except for 5 samples that 
demonstrated banding pattern similar to B. abor-
tus (Fig. 1). From 120 examined samples 95 (80%) 

were from aborted fetuses and 25 (20%) were 
from human blood cultures. These 25 positive 
samples were obtained from culturing more 
than 400 blood samples. In fact, about 25% of 
the blood cultures were positive. Of 95 fetus 
samples 92 (97%) were proved to be B. meliten-
sis biotype 1 and only 3 samples (3%) were proved 
to be B. abortus. Of 25 positive blood cultures 
examined 24 (96%) were B. melitensis biotype 
1 and 1 (4%) sample were B. abortus. 
 

           1        2        3          4 

 
 
Fig. 1: PstI restriction digestion of PCR products from a 
1100bp region of omp2a gene. Lane 1) B. melitensis 
biotype 1, standard strain provided by Razi Institute of 
Iran. Lane 2) B. abortus. Lanes3 and 4) B. melitensis 
biotype 1. Lanes 2, 3 and 4 were from our clinical samples 
 
Discussion 
Brucella infects hundreds of thousands of hu-
mans every year and therefore is an important 
health problem in developing countries. It also 
is the main cause of abortion in livestock and 
results in a great economy loss in these coun-
tries. Therefore, to control the disease in the 
endemic area, epidemiological information is of 
great importance (21). It should be noted that 
Brucellae have definite host preferences, for 
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example, B. melitensis mainly infects sheep but 
B. abortus main host is cattle and therefore epi-
demiological information can help to control 
infection in sheep and cattle as well as human 
(22). Brucella always has been present in Iran 
and the main plans to control this disease were 
ewes and cattle vaccination and slathering of 
infected cattle (23, 18). This programme was 
not completely successful and we have faced an 
outbreak of the disease since 2002. 
To solve this disease problem first it should be 
detected in livestock and secondly proper vac-
cination with a safe vaccine should be applied 
(24). Because of ecological differences between 
species of Brucalla characterization of the Brucella 
spp. in an area can help to choose the correct 
and safe vaccine as well time of vaccination. It 
also should be noted that there are some reports 
that vaccine strains, both Rev1 and Rb51, can 
infect human and can induce abortion in ewes 
and cattle. Therefore, determination of origin of 
infection in human and ewes/ cattle is also of 
great importance (24). 
The PCR technique has increasingly been used 
as a supplementary method in Brucella diagno-
sis (10, 12, 14, 16, 25, 26). Recently, a molecular 
biotyping approach has been proposed based on 
restriction endonuclease polymorphism in the 
genes encoding the major 25- and 36-kDa outer 
membrane proteins of Brucella (17, 20, 27). In 
Brucellae that are pathogen for human, there 
are 2 genes omp1 and 2 in this locus. The omp2 
gene (28) exists as a locus of two nearly homolo-
gous repeated copies that differ slightly among 
Brucella spp. and biotypes, called omp2a and 
omp2b (29, 20). In this study, we have applied 
PCR-RFLP to identify Brucella spp. present in 
our region using omp2a and b gene polymor-
phism. As mentioned above, this locus was also 
used by others to distinguish between species or 
strains of Brucella and it is demonstrated that 
using polymorphism in this locus is a powerful 
tool for Brucella genotying. A 1100bp piece of 
the omp2a was amplified and the PCR products 
were restricted using Pst1 restriction endonu-
clease (20, 28). We were able to distinguish be-

tween Brucella species or biotypes by the applica-
tion of these enzymes. Our study detected two 
Brucella, B. melitensis type 1 and B. abortus. 
Detection of B. abortus might be because of the 
method we have applied. Routine laboratory 
method for Brucella diagnosis is serological 
tests. These tests are not sensitive enough to 
distinguish between B. melitensis and abortus.  
In areas with no proper control on sheep and 
cattle traffic between cities or even countries, 
entering a new species/ biovar of Brucella is 
always possible and therefore to be aware of the 
Brucellae that are present in the area, a perma-
nent monitoring system is essential. Based on 
banding pattern of PCR-RFLP of the omp2a 
fragment, it can be resulted that unlike what the 
previous studies had demonstrated that only 
biotype 1 of the B. melitensis exist in Isfahan now 
we report that B. abortus is also present in our 
area. These results are very important in plan-
ning for the control of the disease as well as 
epidemiology of the disease and even treatment 
of the patients. 
 
Acknowledgments 
This work was financially supported with grant 
number 83092, Isfahan University of Medical 
Sciences, Deputy for Research. We also would 
like to thank members of Genetics and Mo-
lecular Biology as well as Bacteriology and Vi-
rology Dept. of Medical School of Isfahan Uni-
versity of Medical Sciences, IRAN. 
 
References 
1. Moreno E, Cloeckaert A, Moriyon I (2002). 

Brucella evolution and taxonomy. Vet 
Microbiol, 90 (1-4): 209-27.  

2. Rodriguez A, Abad R, Orduna A (1992). 
Species and biovars of the genus Brucella. 
Etiology of human brucellosis in Spain. 
Enferm Infecc Microbiol Clin, 10(1): 43-8. 

3. Boschiroli ML, Foulongne V, O'Callaghan 
D (2001). Brucellosis: a worldwide zoono-
sis. Curr Opin Microbiol, 4(1): 58-64. 

4. Zinsstag J, Roth F, Orkhon D, Chimed-Ochir 
G, Nansalmaa M et al. (2005). A model 



Iranian J Publ Health, Vol. 35, No. 4, 2006, pp.22-27 
 

 26 

of animal-human brucellosis transmission 
in Mongolia. Prev Vet Med, 69(1-2): 77-95. 

5. Wallach JC, Giambartolomei GH, Baldi PC, 
Fossati CA (2004). Human infection 
with M- strain of Brucella canis. Emerg 
Infect Dis, 10(1): 146-48. 

6. Godfroid J, Cloeckaert A, Liautard JP, Koh-
ler S, Fretin D, Walravens K et al. 
(2005). From the discovery of the Malta 
fever's agent to the discovery of a ma-
rine mammal reservoir, brucellosis has 
continuously been a re-emerging zoono-
sis. Vet Res, 36(3): 313-26. 

7. Taleski V, Zerva L, Kantardjiev T, Cvetnic 
Z, Erski-Biljic M, Nikolovski B et al. 
(2002). An overview of the epidemiology 
and epizootology of brucellosis in selected 
countries of Central and Southeast Europe. 
Vet Microbiol, 90(1-4): 147-55. 

8. Garin-Bastuji B, Blasco JM, Grayon M, 
Verger JM (1998). Brucella melitensis 
infection in sheep: present and future. 
Vet Res, 29(3-4): 255-74. 

9. Ocholi RA, Kwaga JK, Ajogi I, Bale JO 
(2005). Abortion due to Brucella abor-
tus in sheep in Nigeria. Rev Sci Tech, 24 
(3): 973-9. 

10. Cloeckaert A, Vizcaino N, Paquet JY, Bow-
den RA, Elzer PH (2002). Major outer 
membrane proteins of Brucella spp.: past, 
present and future. Vet Microbiol, 90 
(1-4): 229-47. 

11. Billard E, Cazevieille C, Dornand J, Gross A 
(2005). High susceptibility of human den-
dritic cells to invasion by the intracellular 
pathogens Brucella suis, B.abortus, and B. 
melitensis. Infect Immun, 73(12): 8418-24. 

12. Al Dahouk S, Tomaso H, Prenger-Berning-
hoff E, Splettstoesser WD, Scholz HC, 
Neubauer H (2005). Identification of 
Brucella species and biotypes using poly-
merase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). 
Crit Rev Microbiol, 31(4): 191-6. 

13. Adams LG (2002). The pathology of brucel-
losis reflects the outcome of the battle 

between the host genome and the Brucella 
genome. Vet Microbiol, 90(1-4): 553-61. 

14. Elfaki MG, Al-Hokail AA, Nakeeb SM, Al-
Rabiah FA (2005). Evaluation of cul-
ture, tube agglutination, and PCR meth-
ods for the diagnosis of brucellosis in hu-
mans. Med Sci Monit, 11(11): MT69-74. 

15. Stemshorn BW (1984). Recent progress in 
the diagnosis of brucellosis. Dev Biol 
Stand, 56: 325-40. 

16. Vizcaino N, Cloeckaert A, Verger J, Grayon M, 
Fernandez-Lago L (2000). DNA polymor-
phism in the genus Brucella. Microbes 
Infect, 2(9): 1089-100. 

17. Ficht TA, Bearden SW, Sowa BA, Adams 
LG (1989). DNA sequence and expres-
sion of the 36-kilodalton outer mem-
brane protein gene of Brucella abortus. 
Infect Immun, 57 (11): 3281-91. 

18. Sabbaghian H, Nadim A (1974). Epidemiol-
ogy of human brucellosis in Isfahan, 
Iran. J Hyg (Lond), 73 (2): 221-8. 

19. Akcam FZ, Yayli G, Uskun E, Kaya O, 
Demir C (2006). Evaluation of the Bac-
tec microbial detection system for cul-
turing miscellaneous sterile body fluids. 
Res Microbiol, 157(5): 433-6. 

20. Cloeckaert A, Verger JM, Grayon M, Gre-
pinet O (1995). Restriction site polymor-
phism of the genes encoding the major 
25 kDa and 36 kDa outer-membrane pro-
teins of Brucella. Microbiol, 141(Pt 9): 
2111-21. 

21. Thimm B, Wundt W (1976). The epidemiol-
ogical situation of brucellosis in Africa. 
Dev Biol Stand, 31: 201-17. 

22. Abdussalam M, Fein DA (1976). Brucello-
sis as a world problem. Dev Biol Stand, 
31: 9-23. 

23. Salari MH, Khalili MB, Hassanpour GR 
(2003). Selected epidemiological fea-
tures of human brucellosis in Yazd, Is-
lamic Republic of Iran: 1993-1998. East 
Mediterr Health J, 9 (5-6): 1054-60. 

24. Pouillot R, Grillo MJ, Alabart JL, Garin-
Bastuji B, Blasco JM (2003). Statistical 



M Salehi et al: First Report of the … 
 

 27

procedures for calculating the residual 
virulence of Brucella abortus strain 19 
(S19) and Brucella melitensis strain Rev 
1 vaccines in mice: theoretical basis and 
practical applications. Rev Sci Tech, 22 
(3): 1051-63. 

25. Sifuentes-Rincon AM, Revol A, Barrera-
Saldana HA (1997). Detection and differ-
entiation of the six Brucella species by 
polymerase chain reaction. Mol Med, 3 
(11): 734-9. 

26. Whatmore AM, Murphy TJ, Shankster S, 
Young E, Cutler SJ, Macmillan AP (2005). 
Use of amplified fragment length polymor-
phism to identify and type Brucella iso-
lates of medical and veterinary interest. 
J Clin Microbiol, 43 (2): 761-9. 

27. Sangari FJ, Aguero J (1994). Identification 
of Brucella abortus B19 vaccine strain 
by the detection of DNA polymorphism 
at the ery locus. Vaccine, 12 (5): 435-8. 

28. Ficht TA, Bearden SW, Sowa BA, Marquis 
H (1990). Genetic variation at the omp2 
porin locus of the Brucella: species-spe-
cific markers. Mol Microbiol, 4(7): 1135-
42. 

29. Paquet JY, Diaz MA, Genevrois S, Grayon 
M, Verger JM, de Bolle X, Lakey JH, 
Letesson JJ, Cloeckaert A (2001). Mo-
lecular, antigenic, and functional analy-
ses of Omp2b porin size variants of 
Brucella spp. J Bacteriol, 183(16): 4839-
47. 

 
 
 
 
 
 
 

 
 
 
. 


