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Abstract
Background and Objective: The economic losses due to brucellosis as well as its potential public health in human worldwide encourage
more researches to find novel pathways for effective control methods of the disease. The objective of this study was to investigate the
most prevalent Brucella strains obtained from cattle and their virulence genes. Materials and Methods: Three hundred small-holders
cows in Menoufia governorate, Egypt, were screened for brucellosis using rose bengal test (RBT) and confirmed by complement fixation
test (CFT). Milk samples and supra-mammary lymph nodes of serologically positive cows were collected for bacteriological isolation and
identification. The obtained isolates were genotyped using PCR and their virulence genes (omp25, omp31, manA, manB, virB and znuA)
were screened. Results: The prevalence rate of bovine brucellosis was 15 (5%), 11 (3.6%) and 7 (2.33%) by RBT, CFT and bacteriological
examination, respectively. The seven isolates were identified and genotyped as Brucella melitensis biotype3. Furthermore, the molecular
detection of substantial virulence genes revealed that manA, manB, omp25 and omp31 genes were detected in all tested B. melitensis
strains. Meanwhile, the virB genes were detected in 4 strains and the znuA genes were detected in 3 strains among the isolated B.
melitensis strains. Conclusion: It was concluded that B. melitensis biotype3 was the pre-dominant Brucella spp. as well as omp25,

omp31, manA and manB were the most common related-virulence genes which assumed to play a worthy function in the pathogenesis
of brucellosis.
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total number of 300 cows of small-holders which were not
vaccinated against brucellosis were examined during the
period from January-April, 2018.

INTRODUCTION
Brucellosis is a highly contagious zoonotic disease
causing significant losses in animals. Late gestation abortion
was the predominant clinical sign of B. abortus infection in
cows, resulting in reproductive failure and decrease in milk
production1. It was estimated that more than 300 million cattle
as well as more than half a million of human infections
occurred2. Egypt, Middle East and Mediterranean countries
were endemic areas with higher prevalence rates3. Brucella
invades the host cell and interferes with the different immune
system mechanism through adaption to oxygen-limited
conditions inside macrophages4. Brucella has a special affinity
for the reticuloendothelial system and reproductive tracts of
domestic and wild animals. Stillbirth in females and infertility
in males are the most common complications of the
brucellosis in livestock5. Brucella spp. including B. melitensis
and B. abortus have similar pathogenic effects and zoonotic
concern with some differences in virulence properties and
host susceptibility. These pathogens carry various furtive
strategies to enter into host cells then propagate and
overcome the host defense mechanism6. In dairy animals,
Brucella spp. replicates in the mammary gland and
supra-mammary lymph nodes and continue to be excreted
into the milk along with their lives7. A recent discovery of new
a typical Brucella spp., with new genetic properties was
recorded8. Therefore, it was expected that a new outbreak of
brucellosis may occur in the future. Brucella was already
exhibiting virulence factors required to form the infection due
to their activation by erythritol9. The constant researches for
Brucella virulence genes such as cell envelope associated
genes and other virulent genes such as omp25, omp31, manA,
manB, wbkA, c$g, virB, mviN, znuA and bvfA genes are
necessary to understand their role in Brucella pathogenesis,
characterize the Brucella spp., genome and have efficient
control measures10. As a result of the brucellosis' endemic
status in Egypt and the need to develop new preventive
measures against brucellosis, this study was aimed for
molecular detection and genotyping of the most virulence
genes of local Brucella strains affecting cattle in Egypt.

Serum samples: About 10 mL of blood was collected from
jugular vein of cattle. Collected samples were kept in a
refrigerator overnight for serum separation then were
centrifuged at 3000 rpm for 5 min. Clear sera were siphoned
off and stored in cryotubes at -20EC until its use for
serological studies11.
Milk and tissue samples: From all serologically positive
animals, milk samples were collected immediately before
slaughtering from lactating cows. While the supra-mammary
lymph nodes were collected after slaughtering in sterile
containers and then both samples were transferred
immediately to the laboratory for further bacteriological
examination12.
Serological analysis: Three hundred serum samples were
examined by Rose Bengal Test (RBT) as a screening field test.
Positive RBT samples were confirmed by complement fixation
test (CFT)13.
Phenotypical identification of Brucella species: Milk
samples and supra-mammary lymph nodes of all serologically
positive animals were sterile cultivated onto Petri dishes
containing selective medium prepared using Brucella
medium base as described (Oxiod, code CM0169) with
addition of 5-10% v/v inactivated horse serum SR0035
and 1-5% w/v of a sterile solution of glucose and finally
added to Brucella selective supplement as described
(Oxoid, code SR0083). All plates were incubated at 37EC with
and without 5-10% CO2 for 5-7 successive days11. The typical
biochemical and phenotypic identification of the suspected
Brucella colonies (morphology, CO2 requirements, H2S
production, urease, catalase and oxidase activity, nitrate
reduction, lactose fermentation, citrate utilization, growth in
presence of thionine and fuchsin dyes “1:50.000 (20 µg mLG1)”,
lysis by Tbilisi phage and agglutination with A and M anti-sera)
were done13,14.

MATERIALS AND METHODS

Molecular characterization of Brucella species and

This study was assessed and agreed by the Animal Care
and Welfare Committee Ethics, University of Sadat City, Egypt
with approval number (VUSC-001-4-19).

virulence determinant genes

Examined animals: The present study was carried out in

commercial kits (Thermo Scientific Gene Jet Genomic DNA
purification Kit) (Cat nu, K0721) according to manufacturer
recommendations.

DNA extraction: The DNA was extracted from isolates using

Menoufia governorate, which located in Nile Delta, Egypt. A
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Table 1: Sequence of used primers
Targets

Sequence (5ʼ- 3ʼ)

Brucella cell surface protein (bCSP)

TGG CTC GGT TGC CAA TAT CAA

Amplicon size (bp)

B. melitensis IS711

AAA TCG CGT CCT TGC TGG TCT GA

References

223

Mukherjee et al.15

731

Bricker and Halling16 and Gupta et al.17

271

Khosravi et al.18

CGC GCT TGC CTT TCA GGT CTG
TGC CGA TCA CTT AAG GGC CTT CAT

manA

TCG ATC CAG AAA CCC AGT TC

manB

GGC TGG TTC GAG AAT ATC CA

CAT ACA CCA CGA TCC ACT GC
228

CAA TCG CAT ACC CTG GTC TT

Omp25

CGT ACC TCA CGG CTG GTA TT

188

CGT ACC GGC CAG ATC ATA GT

Omp31

GCT GCT CCT GTT GAC ACC TT

257

GCT GAA ATC GAA CCC GTA AC

znuA

CTG GGT CCG AGC ATG TTT AT

465

AGG CAT CGA GTT TTT CTC CA

virB

CGC TGA TCT ATA ATT AAG GCT A

881

Hajia et al.19

TGC GAC TGC CTC CTA TCG TC

examination revealed only 7(2.33%) isolates which were

PCR amplification: The PCR assay was performed to identify

Brucella isolates, targeted the bcs P gene coding outer protein

identified as B. melitensis biotype3 “4 (1.33%) were from

of Brucella, reverse the primer that targeted the Brucella

supra-mammary lymph nodes and 3 (1%) were from milk

insertion element IS711 and forward primer for B. melitensis

samples” as illustrated in Table 2.

and a set of duplex PCR assays that targeted six different
virulence genes namely manA, manB, omp25, omp31, znuA

Genotyping of B. melitensis strains: The obtained seven

and virB. The sequences of each primer are presented in

isolates were genotyped using a common bcsP gene and a

Table 1. All reactions were performed in total volume of 25 µL

specific gene IS711. The results indicated that all 7 tested

reaction mix which contained 3 µL of template DNA, 20 pmol

isolates were B. melitensis biotype3 as shown in Fig. 1 and 2.

of each primer and 1X of PCR mix (Fermentas). The analysis of

The molecular detection of substantial virulence genes

PCR products was carried out using 1.5% ethidium bromide

among the isolated B. melitensis biotype3: Successful

stained agarose gel.

amplifications of 228 and 465 bp specific for manB and znuA
genes, respectively were obtained (Fig. 3). Also amplicons of

Cycling condition of PCR assays: This was performed for BCSP

188 and 257 bp specific for omp25 and omp31 genes,

and B. melitensis at the following conditions: (1) About 4 min

respectively were given (Fig. 4). Regarding to 881 and 271 bp

initial step at 95EC, (2) Followed by 35 cycles at 95EC for

specific bands for virB and manA genes, respectively were

60 sec, 55EC for 60 sec and 72EC for 90 sec and (3) A final

obtained (Fig. 5).

extension step at 72EC for 10 min. While PCR amplification
assays for virulence genes (omp25, omp31, manA, manB, vir B

Distribution of detected virulence genes among the

and znuA) were as following: (1) About 5 min initial step at

isolated B. melitensis biotype3: The results of detected

94EC, (2) Followed by 25 cycles at 94EC for 60 sec, 58EC for 60

virulence genes revealed that manA, manB, omp25and omp31

sec and 72EC for 60 sec and (3) A final extension step at 72EC

genes were found in all seven tested B. melitensis strains.

for 10 min.

Meanwhile, the virB genes were detected in 4 strains and the

znuA genes were detected in 3 strains among the screened
B. melitensis isolates. All milk samples were carried manA,
manB, omp25 and omp31 genes, while the virB genes were
detected in 2 samples and the znuA genes were detected in

Statistical analysis: Statistical analysis was performed using
Graph Pad prism 5 software Inc., La Jolla, CA.
RESULTS

2 samples as well. Also, all samples from lymph nodes were
carried manA, manB, omp25 and omp31 genes, while the virB

Prevalence of Brucellosis in examined cattle: Out of

genes were detected in 2 samples and the znuA genes were

examined 300 cows, 15(5%) and 11(3.6%) were positive with

detected in only 1 sample among the screened B. melitensis

RBT and CFT, respectively. The results of bacteriological

strains (Table 3).
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Table 2: Prevalence of brucellosis in examined cattle
Serological examination
Bacteriological examination*
--------------------------------------------------------------------------------------------------------------------------------------------------------------RBT
CFT
Supra-mammary L.N
Milk samples
Number of
------------------------------------------------------------------------------------------------------------------------------------------examined samples
Number
Percentage
Number
Percentage
Number
Percentage
Number
Percentage
300
15
5
11
3.6
4
1.33
3
1
RBT: Rose bengal test, CFT: Complement fixation test, *Total isolates were 7 (2.33%) strains which were identified as B. melitensis biotype3
Table 3: Distribution of detected virulence genes among the isolated B. melitensis biotype3
Strain No.
Type of sample
S1
Milk
S2
Milk
S3
Milk
S4
lymph nodes
S5
lymph nodes
S6
lymph nodes
S7
lymph nodes
S: Strain number

M

1

2

3

4

Virulence determinant genes
manA, manB, omp25, omp31, virB
manA, manB, omp25, omp31, virB
manA, manB, omp25, omp31, znuA
manA, manB, omp25, omp31, virB
manA, manB, omp25, omp31, znuA
manA, manB, omp25, omp31, znuA, virB
manA, manB, omp25, omp31

5

6

7

300
200
100

223 bp

Fig. 1: PCR product showed positive amplification of bCSP gene of B. melitensis at 223 bp (common gene)
Lane M: 100 bp DNA ladder, Lane 1-7: Positive B. melitensis strains

M

1

2

3

4

5

6

7

731 bp

700
500
300
100

Fig. 2: PCR product showed positive amplification of IS711 gene of B. melitensis at 731 bp (specific gene)
Lane M: 100 bp DNA ladder, Lane 1-7: Positive B. melitensis strains

M

1

2

3

4

500
400
300
200
100

5

6

7

465 bp
228 bp

Fig. 3: PCR product; Lane M: 100 bp DNA ladder; Lanes1-7 B. melitensis biotype3 were positive for manB gene at 228 bp
Lanes 3, 5 and 6 were positive for znuA genes at 465 bp
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M

1

2

3

4

5

6

7

300
200
100

257 bp
188 bp

Fig. 4: PCR product: Lane M: 100 bp DNA ladder, Lanes 1-7 B. melitensis biotype3 were positive for omp25 and omp31 genes at
188 and 257 bp, respectively

M

1

2

3

1000

4

5

6

7

881 bp

500

271 bp
100

Fig. 5: PCR product: Lane M: 100 bp DNA ladder; Lanes 1, 2, 4 and 6 B. melitensis biotype3 were positive for virB genes at 881 bp,
while Lanes 1-7 were positive for manA genes at 271bp
demonstrated seven Brucella isolates which were identified
and genotyped as B. melitensis biotype3. This was supported
previously by studies declared that brucellosis is endemic in
Egypt particularly in the Nile Delta region and B. melitensis
remains the more virulent strain with public health 28,29.
In the current study, results of screening the six putative
virulence genes of B. melitensis from cattle samples detected
omp25, omp31, manA and manB in all isolated strains. While
the virB was found in 4 strains and the znuA was detected in
3 isolates only. Although, Brucellae are deficient in some of
the classical factors of ferocity and strength, such as capsules,
fimbria, plasmids, exotoxins, lysogenic phages and endotoxic
lipopolysaccharide, they expressed some virulent genes 30.
These virulence determinants were vital for Brucella spp.,
to live, adapt intracellularly to inappropriate conditions and
resist body immune response31. From these substantial genes,
Omp25/Omp31 were described as major surface proteins
strongly contributed to the virulence of Brucella32. The outer
membrane protein (Omp31) was a protective immunogenic
component for subunit DNA vaccines of B. melitensis as well
as a simulator for the cell-mediated immunity33,34. Moreover,
the major function of omp25 depends on suppression of
the tumor necrosis factor alpha (TNF") produced by

DISCUSSION
Brucellosis is one of the most globally distributed diseases
reported by WHO as half a million new cases reported each
year20. Brucellosis is a bacterial zoonotic disease transmitted
via various routes such as; contact directly with abraded skin
or mucosa, fluids, tissues from aborted fetus21. The high
endemic pattern of the disease in many underdeveloped
countries caused large economic losses in livestock animals
as well as chronic infections in human22. In the current study,
the prevalence rates of brucellosis were 5, 3.6 and 2.33% with
RBT, CFT and bacteriological examination, respectively. These
results coincided with previous results which recorded that
the prevalence of brucellosis in cattle was 5.3% by RBT in
Bangladesh23,24. Furthermore, other reports demonstrated that
RBT and CFT were effective methods for the detection of
Brucella spp. antibodies25,26. In the Gulf area, a comparative
study was applied in Sultanate of Oman where higher results
were obtained (11.7 and 8.3%) positives using RBT and CFT,
respectively in goatsʼ sera27.
The difference in the prevalence might be attributed to
the difference in methodology, number of samples, examined
regions and management system. The current study
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macrophages35. The virB type IV secretion system (T4SS) was

SIGNIFICANCE STATEMENT

a gene coding for an enzyme involved in the biosynthesis of
This study discovered that B. melitensis biotype3 was the
prevalent circulating strain among cows in Menoufia
governorate, Egypt. Also, it provided a beneficial view for
clarifying the substantial role of omp25, omp31, manA, manB,
virB and znuA virulence determinant genes in bovine
brucellosis. This study assessed the worthy values of these
genes in the virulence of Brucella. Further investigations were
needed to evaluate other impact roles of these genes or other
genes in bovine brucellosis.

LPS36-38. Concerning to the critical role of manA and manB and

znuA genes among Brucella spp., many reports confirmed the
contribution of manB genes in lipopolysaccharide synthesis
which allowed the intracellular survival and protection against
host defense39. Others pointed out the importance of znuA
and manA genes in the virulence properties of B. melitensis
particularly in ATP-binding mechanism40. As well as the
presence of znuABC operon which is linked to Zn2+ ions as a
catalyst for the Cu and Zn superoxide dismutase (sodC genes)
and provided the resistance to oxidation process by
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manB, virB and znuA virulence genes in all isolated B.
melitensis strains recovered from human patients in Iran.
Nearly similar findings were obtained by another researcher
who recovered that the prevalence rates of omp25, omp31,

REFERENCES

man A, manB and znuA genes were 87.5, 100, 87.5, 100 and
100%, respectively from human blood samples in Iraq43. In

1.

addition, it was detected manA, Omp25, Omp31, manB and

znuA with different percentages 100, 100, 76.9, 38.5 and
19.2%, respectively44. On the other hand, many studies
2.

reported other different virulence genes as revealed that all

B. melitensis and B. abortus strains were carried virB2 and
virB5 genes45. Also, it was recorded that 98.1% of B. melitensis
biotype3 were carried virB genes in Egypt46. Despite that, it
was also confirmed by a report in which virB genes in 73.8% of
B. melitensis strains isolated from goats47. This discrepancy in

3.

results might be attributed to the variation of sources, number
of samples and prevalent strains in the examined geographic

4.

regions. Finally, due to the seriousness of bovine brucellosis
and its impact on public health, further studies are needed to
spot highlights on the role of these genes and others in the

5.

contagiousness of brucellosis and the ability to produce types
of vaccines to control or minimize the disease incidence.

6.

CONCLUSION
7.

It could be concluded that B. melitensis biotype3 is the
most predominant Brucella spp., among cows in Menoufia
governorate. The most frequent virulence genes are omp25,

8.

omp31, manA and manB among isolates which are assumed
to play a worthy function in the pathogenesis of brucellosis in

9.

this region. Moreover, it may be helpful for authorized affairs
to develop a strategic plan for the prevention and eradication
of this disease.
244

Meador, V.P., B.L. Deyoe and N.F. Cheville, 1989. Pathogenesis
of Brucella abortus infection of the mammary gland and
supramammary lymph node of the goat. Vet. Pathol.,
26: 357-368.
De Figueiredo, P., T.A. Ficht, A. Rice-Ficht, C.A. Rossetti and
L.G. Adams, 2015. Pathogenesis and immunobiology of
brucellosis: Review of Brucella-host
interactions.
Am. J. Pathol., 185: 1505-1517.
Wang, Y., Z. Wang, Y. Zhang, L. Bai and Y. Zhao et al., 2014.
Polymerase chain reaction-based assays for the diagnosis
of human brucellosis. Ann. Clin. Microbiol. Antimicrob.,
Vol. 13. 10.1186/s12941-014-0031-7.
Lopez-Goni, I., C. Guzman-Verri, L. Manterola, A. Sola-Landa,
I. Moriyon and E. Moreno, 2002. Regulation of Brucella
virulence by the two-component system BvrR/BvrS.
Vet. Microbiol., 90: 329-339.
Poester, F.P., L.E. Samartino and R.L. Santos, 2013.
Pathogenesis and pathobiology of brucellosis in livestock.
Rev. Sci. Tech. Off. Int. Epiz., 32: 105-115.
Martirosyan, A., E. Moreno and J.P. Gorvel, 2011. An
evolutionary strategy for a stealthy intracellular Brucella
pathogen. Immunol. Rev., 240: 211-234.
Refai, M., 2003. Application of biotechnology in the diagnosis
and control of brucellosis in the near East region.
World J. Microbiol. Biotechnol., 19: 443-449.
El-Sayed, A. and W. Awad, 2018. Brucellosis: Evolution and
expected comeback. Int. J. Vet. Sci. Med., 6: S31-S35.
Petersen, E., G. Rajashekara, N. Sanakkayala, L. Eskra, J. Harms
and G. Splitter, 2013. Erythritol triggers expression of
virulence traits in Brucella melitensis. Microbes Infect.,
15: 440-449.

Pak. J. Biol. Sci., 22 (5): 239-246, 2019
10. Awwad, E., K. Adwan, M. Farraj, T. Essawi and I. Rumi et al.,
2015. Cell envelope virulence genes among field strains of
Brucella melitensis isolated in West Bank part of Palestine.
Agric. Agric. Sci. Proc., 6: 281-286.
11. Alton, G.G., L.M. Jones, R.D. Angus and J.M. Verger, 1988.
Serological Methods. In: Techniques for the Brucellosis
Laboratory, Alton, G.G. (Ed.). Institut National de la Recherche
Agronomique (INRA), Paris, France, ISBN-13: 9782738000422,
pp: 17-60.
12. Dhama, K., K. Karthik, S. Chakraborty, R. Tiwari, S. Kapoor,
A. Kumar and P. Thomas, 2014. Loop-mediated isothermal
amplification of DNA (LAMP): A new diagnostic tool lights the
world of diagnosis of animal and human pathogens: A
review. Pak. J. Biol. Sci., 17: 151-166.
13. OIE., 2016. Brucellosis (Brucella abortus, B. melitensis and
B. suis) (infection with B. abortus, B. melitensis and B. suis).
In: OIE Terrestrial Manual, OIE (Eds.). Chapter 3.1.4, World
Organisation for Animal Health, Paris, France, pp: 355-398.
14. MacMillan, A., 1990. Conventional Serological Tests. In:
Animal Brucellosis. Nielsen, K. and J. Duncan (Eds.). CRC Press
Inc., Boca Raton, USA., pp: 153-198.
15. Mukherjee, F., J. Jain, V. Patel and M. Nair, 2007. Multiple
genus-specific markers in PCR assays improve the specificity
and sensitivity of diagnosis of brucellosis in field animals.
J. Med. Microbiol., 56: 1309-1316.
16. Bricker, B.J. and S.M. Halling, 1994. Differentiation of Brucella
abortus bv. 1, 2 and 4, Brucella melitensis, Brucella ovis and
Brucella suis bv. 1 by PCR. J. Clin. Microbiol., 32: 2660-2666.
17. Gupta, V.K., S. Nayakwadi, A. Kumar, K. Gururaj, A. Kumar and
R.S. Pawaiya, 2014. Markers for the molecular diagnosis of
brucellosis in animals. Adv. Anim. Vet. Sci., 2: 31-39.
18. Khosravi, A.D., E. Abassi and S.M. Alavi, 2006. Isolation of
Brucella melitensis and Brucella abortus from brucellosis
patients by conventional culture method and polymerase
chain reaction technique. Pak. J. Med. Sci., 22: 396-400.
19. Hajia, M., F. Fallah, G. Angoti, A. Karimi and M. Rahbar et al.,
2013. Comparison of methods for diagnosing brucellosis.
Lab. Med., 44: 29-33.
20. Avdikou, I., V. Maipa and Y. Alamanos, 2005. Epidemiology of
human brucellosis in a defined area of Northwestern Greece.
Epidemiol. Infect., 133: 905-910.
21. Musallam, I.I., M.N. Abo-Shehada, Y.M. Hegazy, H.R. Holt and
F.J. Guitian, 2016. Systematic review of brucellosis in the
Middle East: Disease frequency in ruminants and humans
and risk factors for human infection. Epidemiol. Infect.,
144: 671-685.
22. Trujillo, I.Z., A.N. Zavala, J.G. Caceres and C.Q. Miranda, 1994.
Brucellosis. Infect. Dis. Clin. North Am., 8: 225-241.
23. Ruiz-Mesa, J.D., J. Sanchez-Gonzalez, J.M. Reguera, L. Martin,
S. Lopez-Palmero and J.D. Colmenero, 2005. Rose Bengal test:
Diagnostic yield and use for the rapid diagnosis of human
brucellosis in emergency departments in endemic areas.
Clin. Microbiol. Infect., 11: 221-225.

24. Sarker, M.A.S., R.R. Sarker, M.M. Begum, N.M. Shafy and
M.T. Islam et al., 2016. Seroprevalence and molecular
diagnosis of Brucella abortus and Brucella melitensis in
Bangladesh. Bangladesh J. Vet. Med., 14: 221-226.
25. Munoz, P.M., C.M. Marin, D. Monreal, D. Gonzalez and
B.B. Garin-Bastuji et al., 2005. Efficacy of several serological
tests and antigens for diagnosis of bovine brucellosis in
the presence of false-positive serological results due to
Yersinia enterocolitica O:9. Clin. Diagn. Lab. Immunol.,
12: 141-151.
26. Hosein, H.I., H.M. Zaki, N.M. Safwat, A.M. Menshawy,
S. Rouby, A. Mahrous and B.E.D. Madkour, 2018. Evaluation of
the General Organization of Veterinary Services control
program of animal brucellosis in Egypt: An outbreak
investigation of brucellosis in buffalo. Vet. World,
11: 748-757.
27. ElTahir, Y., A.G. Al Toobi, W. Al-Marzooqi, O. Mahgoub and
M. Jay et al., 2018. Serological, cultural and molecular
evidence of Brucella melitensis infection in goats in Al Jabal
Al Akhdar, Sultanate of Oman. Vet. Med. Sci., 4: 190-205.
28. Wareth, G., A. Hikal, M. Refai, F. Melzer, U. Roesler and
H. Neubauer, 2014. Animal brucellosis in Egypt. J. Infect. Dev.
Ctries., 8: 1365-1373.
29. Ramadan, E.S. and J.A. Gafer, 2016. Comparative conventional
and molecular tools for detection and differentiation of
Brucella field and vaccinal strains. Assiut Vet. Med. J.,
62: 13-23.
30. Kilic, S., M. Dizbay, K. Hizel and D. Arman, 2008. In vitro
synergistic activity of antibiotic combinations against
Brucella
melitensis
using
E-test
methodology.
Braz. J. Microbiol., 39: 233-237.
31. Saeedzadeh, A., H. Sharifiyazdi and R. Firouzi, 2013. Molecular
characterization of Brucella melitensis Rev.1 strain in aborted
sheep and goats in Iran. Comp. Clin. Pathol., 22: 409-412.
32. Martin-Martin, A.I., P. Caro-Hernandez, A. Orduna, N. Vizcaino
and L. Fernandez-Lago, 2008. Importance of the
Omp25/Omp31 family in the internalization and intracellular
replication of virulent B. ovis in murine macrophages and
HeLa cells. Microbes Infect., 10: 706-710.
33. Vahedi, F., A.F. Talebi, E. Ghorbani, A.M. Behroozikhah,
F.S. Ahmadi and M. Mahmoudi, 2011. Isolation, cloning and
expression of the Brucella melitensis Omp31 gene.
Iran. J. Vet. Res., 12: 156-162.
34. Snyder, G.A., D. Deredge, A. Waldhuber, T. Fresquez and
D.Z. Wilkins et al., 2014. Crystal structures of the
Toll/Interleukin-1 Receptor (TIR) domains from the Brucella
protein TcpB and host adaptor TIRAP reveal mechanisms of
molecular mimicry. J. Biol. Chem., 289: 669-679.
35. Jubier-Maurin, V., A. Rodrigue, S. Ouahrani-Bettache,
M. Layssac, M.A. Mandrand-Berthelot, S. Kohler and
J.P. Liautard, 2001. Identification of the nik gene cluster of
Brucella suis: Regulation and contribution to urease activity.
J. Bacteriol., 183: 426-434.

245

Pak. J. Biol. Sci., 22 (5): 239-246, 2019
42. Naseri, Z., M.Y. Alikhani, S.H. Hashemi, F. Kamarehei and
M.R. Arabestani, 2016. Prevalence of the most common
virulence-associated genes among Brucella melitensis
isolates from human blood cultures in Hamadan province,
West of Iran. Iran. J. Med. Sci., 41: 422-429.
43. Razzaq, M.S.A., M.A.K. AlSaadi and A.K.S. Al-Yassari, 2014.
Molecular study of virulence genes of Brucella isolated
from human clinical cases in Babylon province.
J. Babylon Univ./Pure Applied Sci., 22: 1531-1544.
44. Green, E., L.A. Caine, U.U. Nwodo and A.I. Okoh, 2018.
Occurrence of Brucella virulence-associated genes isolated
from cattle, sheep and goats in selected municipalities in the
Eastern Cape, South Africa. Arch. Clin. Microbiol., Vol. 9.
45. Hashemifar, I., A. Yadegar, F.M. Jazi and N. Amirmozafari,
2017. Molecular prevalence of putative virulence-associated
genes in Brucella melitensis and Brucella abortus isolates
from human and livestock specimens in Iran. Microb. Pathog.,
105: 334-339.
46. Hamdy, M.E.R. and H.M. Zaki, 2018. Detection of
virulence-associated genes in Brucella melitensis biovar 3,
the prevalent field strain in different animal species in
Egypt. Open Vet. J., 8: 112-117.
47. Derakhshandeh, A., R. Firouzi and A. Goudarztalejerd, 2013.
Detection of virulence genes (bvfA, virB and ure) in Brucella
melitensis isolated from aborted fetuses of sheep and goats.
Iran. J. Microbiol., 5: 402-405.

36. Shirasu, K., P. Morel and C.I. Kado, 1990. Characterization of
the virB operon of an Agrobacterium tumefaciens Ti
plasmid: Nucleotide sequence and protein analysis.
Mol. Microbiol., 4: 1153-1163.
37. Delrue, R.M., M. Martinez-Lorenzo, P. Lestrate, I. Danese and
V. Bielarz et al., 2001. Identification of Brucella spp. genes
involved

in

intracellular

trafficking.

Cell

Microbiol.,

3: 487-497.
38. Zygmunt, M.S., S.D. Hagius, J.V. Walker and P.H. Elzer, 2006.
Identification of Brucella melitensis 16M genes required
for bacterial survival in the caprine host. Microbes Infect.,
8: 2849-2854.
39. Lapaque, N., I. Moriyon, E. Moreno and J.P. Gorvel, 2005.

Brucella lipopolysaccharide acts as a virulence factor.
Curr. Opin. Microbiol., 8: 60-66.
40. Crawford, R.M., L. van de Verg, L. Yuan, T.L. Hadfield and
R.L. Warren et al., 1996. Deletion of purE attenuates
Brucella melitensis infection in mice. Infect. Immunity,
64: 2188-2192.
41. Gee, J.M., M.W. Valderas, M.E. Kovach, V.K. Grippe and
G.T. Robertson et al., 2005. The Brucella abortus Cu, Zn
superoxide dismutase is required for optimal resistance to
oxidative killing by murine macrophages and wild-type
virulence in experimentally infected mice. Infect. Immunity,
73: 2873-2880.

246

