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Abstract

Despite the conjunctival vaccination program against Brucellosis in Palestine for more than 15 years, brucellosis continues to be
a big problem concern, with increased incidence widely noted. Brucella melitensis is a facultative intracellular bacterium that
replicates within macrophages. Recent reports showed that certain cell envelope associated genes of the B. melitensis is
associated with its environmental stress adaptation and intracellular survival. Identification and characterization of these genes
are essential to implementing efficient disease control and prevention systems. The aim of this study is to identify the cell
envelope virulence associated genes of B. melitensis strains in Palestine. A total of 80 non-repetitive B. melitensis isolates were
obtained from milk samples collected from infected small ruminants in the northern districts of the West Bank, Palestine during
2013 and 2015. The milk were cultured on Brucella agar (Oxoid) then incubated at 37°C for 3 to7 days. Positive cultures were
identified by standard biochemical methods and confirmed by 1S7/7 and Rev 1 rpsL gene PCR. All samples were negative for
vaccine strain Rev 1 rpsL gene-PCR. The 80 B. melitensis under investigation were tested by multiplex PCR for 19 cell envelope
virulence associated genes. Interestingly, our results revealed that all the 80 isolates were positive for the following genes: IpsB,
IpsA rfbD, wbpL, pgm omp19, omp25, omp10, mgtA, uppS, amiC and dacF, while the other genes: wbdA, wbpZ, pmm, wbkA,
perA, manB and wpbW were detected in more than 95% of the isolates.
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1. Introduction

Brucellosis is a zoonotic disease produced by Brucellae, Gram-negative bacteria that cause major worldwide
economic losses due to infection of livestock (Seleem et al., 2010; Corbel et al., 2006; Ariza et al., 1996; Pappas et
al., 2006; Young et al., 2000; Sauret et al., 2002). The pathogenesis of the resulting disease, called brucellosis, is
mostly linked to the ability of Brucella to survive and replicate intracellular in host cells by expressing several cell
envelope molecules that contribute to the control of the intracellular trafficking of the pathogen. Recent reports
showed that certain cell envelope associated genes of the B. melitensis is associated with its environmental stress
adaptation and intracellular survival (Scholz et al., 2013; Lapaque et al., 2006; Castaneda-Roldan et al., 2006; Wang
et al., 2010; Xavier et al., 2010; Cardoso et al., 2006; Delrue et al., 2006; Letesson et al., 2004; Moreno et al., 2004;
Reeves et al., 1994).

Although several Brucella cell envelope associated genes has been reported in last years, no article has
documented the molecular characterization of the cell envelope virulence associated genes of the circulating B.
melitensis population in Palestine. Essential role in epidemiological studies, management of the outbreaks and
control programs have the characterization of the cell envelope virulence associated genes.

The present study is focused on the cell envelope associated genes of Brucella melitensis, one of the nominal
species distinguished within the genus by their surface features and preferential host range, and which have been
studied in more detail because of their greater importance in animal and human health.

2. Research Methods
2.1. Sample collection

A total of 80 non-repetitive B. melitensis isolates were obtained from milk samples collected from infected small
ruminants in the northern districts of the West Bank, Palestine during 2013 and 2015. Milk samples were cultured
on Brucella agar (Oxoid, CM0169) with added Brucella selective supplement (Oxoid, SR0083) and 5% of calf
serum (Sigma, C8056) then incubated at 37°C for 3 to7 days.

2.2. PCR analysis

Genomic DNA of both Rev.1 and Brucella field isolate was extracted using the QIAamp viral RNA mini kit
(Qiagen, Hilden, Germany, 52906) according to the manufacturer’s instructions. The Rev.1 DNA used in this study
is the same Rev.1 vaccine source that has been used by the Palestinian Ministry of Agriculture since 1999. Positive
cultures of the 80 milk samples were confirmed by IS711-PCR and differentiated from Rev 1 vaccine strain by
rpsL-PCR. Genomic DNA was amplified using IS711 primers specific for Brucella melitensis and rpsL primers
specific for Rev.1 vaccine strain (Table 1). PCR reaction (25ul) used 12.5 ul GoTaq green master mix obtained
from Promega, M2173 (0.5 U Taq polymerase, 10 mM Tris — HCI, 3 mM MgCl2, 50 mM KCl, 0.1% Triton, 400
UM of each nucleotides), 6.5 pl nuclease free PCR water (Qiagen, Hilden, Germany, 129114), 0.5 ul of each primer
(Syntheza Company) and 5 pul DNA template. PCR amplification was performed using a Master Cycler (BioRad
Laboratories, Inc., Hercules, CA) as the following thermal conditions: initial denaturation at 95°C for 2 min. followed
by 35 cycles each consisting of 30 sec. of denaturation at 95°C, 45 sec. of annealing at 60°C for IS711, and 56°C for
rpsL Rev 1 primers and 30 sec. of extension at 72°C, and final extension at 72 °C for 5 min. The amplified products
were examined in 2% agarose gel electrophoresis to determine the size of amplified fragment for each isolate.

Table 1. Sequences of primers for Brucella IS711 and rpsL genes used in the present study

Primer types Sequence (5'-3") Amplified product (bp)
B. melitensis - specific primer

1S 711 - Forward AAATCGCGTCCTTGCTGGTCTGA 731

IS 711 - Reverse TGCCGATCACTTAAGGGCCTTCAT

Vaccine strain Rev 1 - specific primer

rpsL Revl-Forward CAGGCAAACCCTCAGAAGC 752

rpsL Revl-Reverse GATGTGGTAACGCACACCAA

Source: Lopez Goni, 2009; Garcia-Yoldi, 2006; Gerrit et al., 2005


https://www.researchgate.net/publication/6966861_Characterization_of_SP41_a_surface_protein_of_Brucella_associated_with_adherence_and_invasion_of_host_epithelial_cells?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7183708_Multiplex_PCR_Assay_for_the_Identification_and_Differentiation_of_all_Brucella_Species_and_the_Vaccine_Strains_Brucella_abortus_S19_and_RB51_and_Brucella_melitensis_Rev1?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7333100_Characterization_of_Brucella_abortus_lipopolysaccharide_macrodomains_as_mega_rafts?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/23183434_Evaluation_of_a_Multiplex_PCR_Assay_Bruce-ladder_for_Molecular_Typing_of_All_Brucella_Species_Including_the_Vaccine_Strains?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7334974_The_new_global_map_of_human_Brucellosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7334974_The_new_global_map_of_human_Brucellosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/279871208_Biosynthesis_and_Assembly_of_Lipopolysaccharide?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/279871208_Biosynthesis_and_Assembly_of_Lipopolysaccharide?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/279871208_Biosynthesis_and_Assembly_of_Lipopolysaccharide?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/26673093_Brucellosis_A_re-emerging_zoonosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/26673093_Brucellosis_A_re-emerging_zoonosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/40766243_The_type_IV_secretion_system_affects_the_expression_of_Omp25Omp31_and_the_outer_membrane_properties_of_Brucella_melitensis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/40766243_The_type_IV_secretion_system_affects_the_expression_of_Omp25Omp31_and_the_outer_membrane_properties_of_Brucella_melitensis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/228656280_Pathogenesis_of_Brucella_spp?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/281510792_Principles_and_Practice_of_Infectious_Diseases?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7223627_Brucella_spp_noncanonical_LPS_Structure_biosynthesis_and_interaction_with_host_immune_system?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==

Elena Awwad et al. / Agriculture and Agricultural Science Procedia 6 (2015) 281 — 286 283

2.3. Identification virulence genes by PCR

The primers used in our study were designed with Primer3 software (http:/frodo.wi.mit.edu/primer3) and
synthesized using Syntheza. The target genes and primer sequences are detailed in Table 2. The PCR assays were
conducted in 25 pL of reaction mixture comprising 12.5ul of GoTaq master mix (Promega, M2173) which contain
1X reaction buffer, 3.0 mM MgCI2, 400 uM each deoxyribonucleotide triphosphate and 0.5 U of Taq DNA
polymerase and 200 nM of primers (Syntheza). For duplex PCR assays, an additional set of primers was added to the
reaction mixture. The PCR program followed by 30 cycles of denaturation for 30 sec. at 94°C, annealing for 30 sec.
at 60°C, and extension for 30 sec. at 72°C, then a final extension step of 5 min. at 72°C. The PCR products were

analyzed by electrophoresis on a 2% agarose gel.

Table 2. Virulence associated genes and primers used in detection of virulence-associated genes of B. melitensis

Gene GenBank accession No lGOE::fion Primers sequence (5' to 3') Amplified product (bp)
Lipopolysaccharide (LPS)

I8 BMEI0509 0275 Roverse CGGATTATCTTCCTGCGAAL %78
whih  BMEI9Y7 1036874 Reveme: AACCCAGGCCAATTAGATCE 7%
i BMEI1326 1379695 Reveme: TATCTGTCAGCGCAACAAGG !
wpZ_ BMEN3SS 1449208 Reveme: CCCGAAATTTTGATGGTCAC 752
prm BMEII0399 1433430 Reveme: CITATGCAATGGCTCCCAAT %03
WA BMEIIM 778 Reveme: ATGAGCGAGGACATGAGCTT %!
D BMEN43 M3 Reveme: CAGTCGCGTAATGAGTCCAA 032
pn wveman e Eoned COMCGOTOGATACTCT e
o e LS Bt IATICCSTATCCTCTS
o weee Pl Eond CHICACAGCCOANTE
v oenaws 0 e GOIGGOTIATONATT
R A R
Outer membrane protein (OMP)

onpl9 BMEIOL3S 103 Reveme: GTITCCGGGTCAGATCAGE 550
onp2s  BMEN24 191167 Reverse: ACCGOGCAAAACGTAATTT !
onpl0 BMENOOI7 16189 Reveme: AMACCAGTGOGCAATTTACC. 32
Peptidoglycan (PG)

mgih  BMENZ7] 2D Reveme: TGGCGTGTTTATITCACACAR %
wpS  BMEWS7 2D Reveme: TGACCAGOGGGAGTCTTATC T
aniC__ BMEIOSS 09427 Reveme: AATGTGCCTTCCACTTTTGE %%
dact _ BMEIOS0 A58 Rovere: GTGGTCAGGAACGGTGAGAT %%

Source: Delrue et al., 2004; NCBI, updated October, 2015.
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3. Results and Discussion
3.1. Laboratory Findings

Cultures obtained from the 80 milk samples collected from infected small ruminants in the northern districts of
the West Bank were grown on Brucella agar (Figure 1). Colonies were round, glistening, smooth and mucoid. All
cultures on Brucella agar medium were typical isolates of Brucella in morphology, colonial appearance and
characteristics of growth. The isolated strains were oxidase positive and urease positive.

Figure 1. Brucella melitensis on Brucella specific agar

3.2. PCR Analysis

All the 80 positive milk samples detected by bacterial isolation were also detected as positive by the by PCR
utilizing primers specific to IS711 gene of B. melitensis 16M. B. melitensis-specific DNA fragments with 731 bp
were amplified and no DNA was observed in negative control samples (Figure 2a).

To differentiate the B. melitensis field isolates from Rev 1vaccine strain 7psL-PCR was also done. No rpsL-PCR
positive result was observed in field isolates (Figure 2b).

Brucella melitensis Rev 1

BRUCELLA MELITENSIS 1-9

' E@Eo08B0Q @A A @08 e0p 0008

Figure 2. (a) Brucella melitensis 16 M IS711 ; (b) Gene rpsL: L-ladder, NC-Negative control, PC- Rev1 vaccine Hipra company (Spain), 1- Revl
vaccine Ovejero company (Spain), 2- Rev 1 vaccine Jovac company (Jordan), 3-9-field samples of Brucella melitensis

We screened all 80 B. melitensis isolates for each of the 19 genes associated with virulence (Figure 3). Twelve of
the 19 genes tested (IpsB, IpsA rfbD, wbpL, pgm omp19, omp25, omp10, mgtA, uppS, amiC and dace) were found
in all of the isolates. The remaining seven genes (wbdA, wbpZ, pmm, wbkA, perA, manB and wpbW) were found
in more than 95% of the isolate (Table 3).

a
Gene pmm Brucella melitensis

axr PC NC 1415
ORIt o we

Figure 3. (a) Gene pmm of Brucella meitensis: Ladder, PC-Positive control, NC-Negative control, 14 sample positive, 15-samples negative,
16,17,18-sammples positive ; (b) Gene wbkA of Brucella melitensis: Ladder, PC-positive control, NC-Negative control, 14-sample positive,
15-sample negative, 16,17,18-samples positive ; (c) Gene IpsA of Brucella melitensis: Ladder, PC-positive control, NC-Negative control,
14,15,16,17,18 - positive samples
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Table 3. Prevalence of virulence genes in the B. melitensis isolates

Positive strains

Gene No. %
IpsB 80 100
wbd 79 99
IpsA 80 100
wbp-lipoO 79 99
pmm 78 98
wbk 79 99
rfbD 80 100
perA 76 95
wbpL 80 100
pgmO 80 100
manB 76 95
wbpW 77 96
ompl19 80 100
omp25 80 100
mgtA 80 100
ompl0 80 100
uppS 80 100
amiC 80 100
dacF 80 100

Brucellosis in small ruminants is mainly caused by Brucella melitensis, although this pathogen may also infect
cattle and other ruminants (Cloeckaert et al., 2005; Ariza, 1996; Pappas, 2006). This pathogen, which has three
different biovars, is endemic in several parts of the world, particularly biovar 3 in Mediterranean and Middle Eastern
countries (Koneman, 2006; FAO, 2010; Young, 2000). The pathogenic potential of B. melitensis is highly dependent
on its ability to enter and survive within host cells. Cell envelope proteins is another virulence factor of B. melitensis
that contributes to initial survival of bacteria in macrophages (Brambila-Tapia et al., 2014; Razak et al., 2014; Xavier
et al., 2010; Starr et al., 2008; Chain et al., 2005; Moreno et al., 2004; Rajashekara et al., 2006; Ugalde et al., 2003;
Godfroid et al., 2000). Interaction between pathogens and hosts initiates a dynamic cascade of signals that lead to the
change of gene expression patterns in the cell envelope proteins, which results in either colonization or elimination
of pathogen in hosts. To our knowledge, up to now, no article has documented the molecular characterization of cell
envelope virulence associated genes in the circulating B. melitensis strains in Palestine.

This characterization has a pivotal role in epidemiological studies, management of the outbreaks and
implementing control and preventive measures. Despite the introduction of mass vaccination in 1998 in Palestine,
data from the present study indicate an extremely high rate (95-100%) of the 19 cell envelope virulence associated
genes tested among our isolates. Recent reports showed that certain cell envelope associated genes of the B.
melitensis is associated with its environmental stress adaptation and intracellular survival. Thus, one could argue that
it is possible that vaccination or the environmental stress might contribute to the change in the makeup of the B.
melitensis in Palestine. Therefore, more research will be necessary to rule out this assumption.

4. Conclusion

Cell envelope virulence associated genes has clearly emerged as a serious problem with B. melitensis in Palestine.
By analogy on the basis of experiences in other parts of the world, this problem is likely to grow in the future. Thus,
more aggressive microbiological and infection control policies are necessary to prevent the further spread of these
microorganisms.


https://www.researchgate.net/publication/7469959_Whole-Genome_Analyses_of_Speciation_Events_in_Pathogenic_Brucellae?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/223027532_Genetic_organisation_of_the_lipopolysaccharide_O-antigen_biosynthesis_region_of_Brucella_melitensis_16M_wbk?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7334974_The_new_global_map_of_human_Brucellosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/6418553_Brucella_functional_genomics_and_host-pathogen_interactions?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/9041917_Evaluation_of_Brucella_abortus_Phosphoglucomutase_pgm_Mutant_as_a_New_Live_Rough-Phenotype_Vaccine?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/228656280_Pathogenesis_of_Brucella_spp?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/228656280_Pathogenesis_of_Brucella_spp?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/281510792_Principles_and_Practice_of_Infectious_Diseases?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/263444831_Main_Functions_and_Taxonomic_Distribution_of_Virulence_Genes_in_Brucella_melitensis_16_M?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==

286

Elena Awwad et al. / Agriculture and Agricultural Science Procedia 6 (2015) 281 — 286

References

Ariza, J., 1996. Brucellosis. Current Opinion in Infectious Diseases 9, 126-131.

Brambila-Tapia, A., Armenta-Medina, D., Rivera-Gomez, N., Perez-Rueda, E., 2014. Main Functions and Taxonomic Distribution of Virulence
Genes in Brucella melitensis 16 M. PLoS ONE 9(6): ¢100349.

Cardoso, P., Macedo, G., Azevedo, V., Oliveira, S., 2006. Brucella spp Noncanonical LPS: structure, Biosynthesis, and Interaction with Host
Immune System. Microbial Cell Factories, 5, paper #13.

Castaneda-Roldan, E., Ouahrani-Bettache, S., Saldana, Z., Avelino, F., Rendon, M.A., Dornand, J., Giron, J.A., 2006. Characterization of SP41, a
Surface Protein of Brucella Associated with Adherence and Invasion of Host Epithelial Cells. Cellular Microbiology 8, 1877—-1887.

Chain, P.S., Comerci, D.J., Tolmasky, M.E., Larimer, F.W., Malfatti, S.A., Verquez, L.M., Aquero, F., Land, M.L., Ugalde, R.A., Garcia, E., 2005.
Whole-Genome Analyses of Speciation Events in Pathogenic Brucellae. Infection and Immunity 73, 8353-8361.

Cloeckaert, V., 2005. DNA Polymorphism and Taxonomy of Brucella Species, in “Molecular and Cellular Biology”. In: Lopez-Goni, 1. &
Moriyon, I. (Eds.). Horizon Bioscience, UK, pp. 1-24.

Corbel, M., 2006. Brucellosis in Humans and Animals. WHO/CDS/EPR/2006.7. WHO Press, Geneva, Switzerland, pp. 1-89.

Delrue, R.M, Martinez-Lorenzo, M., Lestrate, P., Danese, 1., Bielarz, V., Mertens, P., De Bolle, X., Tibor, A., Gorvel, J., Letesson, J.J., 2001.
Identification of Brucella spp. Genes Involved in Intracellular Trafficking. Cellular Microbiology 3, 487-497.

Delrue, R.M., Lestrate, P., Tibor, A., Letesson, J.J., De Bolle, X., 2004. Brucella Pathogenesis, Genes Identified from Random Large-Scale
Screens. FEMS Microbiology Letters 231, 1-12.

FAO. 2010. Brucella melitensis in Eurasia and the Middle East. FAO Animal Production and Health Proceedings. No. 10. Rome.

Garcia-Yoldi, D., Marin, C., Miguel, M., Munoz, P., Vizmanos, J., 2006. Multiplex PCR Assay for the Identification and Differentiation of All
Brucella Species and the Vaccine Strains Brucella abortus S19 and RB51 and Brucella melitensis Rev 1. Clinical Chemistry 52, 779-781.
Godfroid, F., Cloeckaert, A., Taminiau, B., Danese, I., Tibor, A., De Bolle, X., Mertens, P., Letesson, J.J., 2000. Genetic Organisation of the

Lipopolysaccharide O-antigen Biosynthesis Region of Brucella melitensis 16M (wbk). Research in Microbiology 151, 655-668.

Lapaque, N, Forquet, F., de Chastellier, C., Mishal, Z., Jolly, G., Moreno, E., Moriyon, 1., Heuser, J.E., He H.T., Gorvel J.P.,, 2006.
Characterization of Brucella abortus Lipopolysaccharide Macrodomains as Mega Rafts. Cellular Microbiology 8, 197-206.

Letesson, J.J., De Bolle, X., 2004. Brucella Virulence: A Matter of Control, in “Brucella Molecular and Cellular Biology”. In: Lopez-Goni, I. &
Moriyon, 1. (Eds). Horizon Bioscience, UK, pp. 113-152.

Lopez Goni, 1., Garcia, Y., Marin, C., De Miguel, M., Munoz, P., Blasco, J., Jacques, 1., Grayon, M., Cloeckaert, A., Ferreira, A., Cardoso, R., Sa
Mi, C., Walravens, K., Albert, D., Garin-Bastuji, B., 2009. Evaluation of a Multiplex PCR Assay (Bruce-ladder) for Molecular Typing of All
Brucella species, Including the Vaccine Strains. Journal of Clinical Microbiology 46, 3484—-3487.

Moreno, E., Cloeckaert, A., Moriyon, 1., 2002. Brucella Evolution and Taxonomy. Veterinary Microbiology 90, 209-227.

Moreno, E., Gorvel, J., 2004. Invasion, Intracellular Trafficking and Replication of Brucella Organisms in Professional and Non-Professional
Phagocytes. in “Brucella Molecular and Cellular Biology”. In: Lopez-Goni, I. & Moriyon, I. (Eds). Horizon Bioscience, UK, pp. 280-307.
Pappas, G., Papadimitriou, P., Akritidis, N., Christou, L., Tsianos, E., 2006. The New Global Map of Human Brucellosis. The Lancet Infectious

Diseases 6, 91-99.

Rajashekara, G., Eskra, L., Mathison, A., Petersen, E., Yu, Q., Harms, J., Splitter, G., 2006. Brucella: Functional Genomics and Host-Pathogen
Interactions. Animal Health Research Reviews 7, 1-11.

Razak, M., Al-Saadi, M., Al-Yassari, A., 2014. Molecular Study of Virulence Genes of Brucella Isolated from Human Clinical cases in Babylon
Province. Journal of Babylon University, Pure and Applied Sciences 5, 22.

Reeves, P, 1994. Chapter 13 Biosynthesis and Assembly of Lipopolysaccharide in “Bacterial Cell Wall. New Comprehensive Biochemistry.
Volume 27”. In: Ghuysen, J.M. & Hakenbeck, R. (Ed.), Elsevier Science, Amsterdam, pp. 281-317.

Sauret, J., Vilissova, N., 2002. Human Brucellosis. Journal of the American Board of Family Medicine 15, 5.

Scholz, H.C., Nockler, K., Gollner, C., Bahn, P., Vergnaud, G., Tomaso, H., Al Dahouk, S., Kampfer, P., Cloeckaert, A., Maquart, M., Zygmunt,
M.S., Whatmore, A.M., Pfeffer, M., Huber, B., Busse, H.J., De, B.K., 2010. Brucella inopinata sp. nov., Isolated from a Breast Implant
Infection. International Journal of Systematic and Evolutionary Microbiology 60, 801-808.

Seleem, M., Boyle, S., Nammalwar, S., 2010. Brucellosis: a Re-emerging Zoonosis. Veterinary Microbiology 140, 392-398.

Starr, T., Wehrly, T., 2008. Brucella Intracellular Replication Requires Trafficking through the Late Endosomal/Lysosomal Compartment. Traffic
9, 678-694.

Ugalde, J., Comerci, D., Leguizamon, M., Ugalde, R., 2003. Evaluation of Brucella abortus Phosphoglucomutase (pgm) Mutant as a New Live
Rough-Phenotype Vaccine, Infection and Immunity 71, 6264—6269.

Viljoen, G.J., Nel, L.H, Crowther, J.R., 2005. Molecular Diagnostic PCR Handbook. Springer Netherlands, pp.1-307.

Wang, Y., Chen, Z., Qiao, F., Zhong, Z., Xu, J., Wang, Z., Du, X., Qu, Q., Yuan, J., Jia, L., Song, H., Sun, Y., Huang, L., 2010. The Type IV
Secretion System, Expression of Omp25/Omp31 and the Outer Membrane Properties of Brucella melitensis. FEMS Microbiology Letters
303, 92-100.

Xavier, M., Paixao, T., Hartigh, A., Tsolis, R, Santos, R., 2010. Pathogenesis of Brucella spp. The Open Veterinary Science Journal 4, 109-118.

Young, E., 2000. Brucellosis in “Principles and Practice of Infectious Disease” In: Mandell, G.L., Bennett, J.E., Dolin, R. (Eds.), Churchill
Livingstone, Philadelphia, pp 353-354.


https://www.researchgate.net/publication/6966861_Characterization_of_SP41_a_surface_protein_of_Brucella_associated_with_adherence_and_invasion_of_host_epithelial_cells?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/6966861_Characterization_of_SP41_a_surface_protein_of_Brucella_associated_with_adherence_and_invasion_of_host_epithelial_cells?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7469959_Whole-Genome_Analyses_of_Speciation_Events_in_Pathogenic_Brucellae?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7469959_Whole-Genome_Analyses_of_Speciation_Events_in_Pathogenic_Brucellae?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7183708_Multiplex_PCR_Assay_for_the_Identification_and_Differentiation_of_all_Brucella_Species_and_the_Vaccine_Strains_Brucella_abortus_S19_and_RB51_and_Brucella_melitensis_Rev1?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7183708_Multiplex_PCR_Assay_for_the_Identification_and_Differentiation_of_all_Brucella_Species_and_the_Vaccine_Strains_Brucella_abortus_S19_and_RB51_and_Brucella_melitensis_Rev1?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/223027532_Genetic_organisation_of_the_lipopolysaccharide_O-antigen_biosynthesis_region_of_Brucella_melitensis_16M_wbk?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/223027532_Genetic_organisation_of_the_lipopolysaccharide_O-antigen_biosynthesis_region_of_Brucella_melitensis_16M_wbk?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7333100_Characterization_of_Brucella_abortus_lipopolysaccharide_macrodomains_as_mega_rafts?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7333100_Characterization_of_Brucella_abortus_lipopolysaccharide_macrodomains_as_mega_rafts?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/23183434_Evaluation_of_a_Multiplex_PCR_Assay_Bruce-ladder_for_Molecular_Typing_of_All_Brucella_Species_Including_the_Vaccine_Strains?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/23183434_Evaluation_of_a_Multiplex_PCR_Assay_Bruce-ladder_for_Molecular_Typing_of_All_Brucella_Species_Including_the_Vaccine_Strains?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/23183434_Evaluation_of_a_Multiplex_PCR_Assay_Bruce-ladder_for_Molecular_Typing_of_All_Brucella_Species_Including_the_Vaccine_Strains?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/11051457_Brucella_evolution_and_taxonomy?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7334974_The_new_global_map_of_human_Brucellosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7334974_The_new_global_map_of_human_Brucellosis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/6418553_Brucella_functional_genomics_and_host-pathogen_interactions?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/6418553_Brucella_functional_genomics_and_host-pathogen_interactions?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/26723533_Brucella_inopinata_sp_nov_isolated_from_a_breast_implant_infection?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/26723533_Brucella_inopinata_sp_nov_isolated_from_a_breast_implant_infection?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/26723533_Brucella_inopinata_sp_nov_isolated_from_a_breast_implant_infection?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/9041917_Evaluation_of_Brucella_abortus_Phosphoglucomutase_pgm_Mutant_as_a_New_Live_Rough-Phenotype_Vaccine?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/9041917_Evaluation_of_Brucella_abortus_Phosphoglucomutase_pgm_Mutant_as_a_New_Live_Rough-Phenotype_Vaccine?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/40766243_The_type_IV_secretion_system_affects_the_expression_of_Omp25Omp31_and_the_outer_membrane_properties_of_Brucella_melitensis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/40766243_The_type_IV_secretion_system_affects_the_expression_of_Omp25Omp31_and_the_outer_membrane_properties_of_Brucella_melitensis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/40766243_The_type_IV_secretion_system_affects_the_expression_of_Omp25Omp31_and_the_outer_membrane_properties_of_Brucella_melitensis?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/228656280_Pathogenesis_of_Brucella_spp?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/281510792_Principles_and_Practice_of_Infectious_Diseases?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/281510792_Principles_and_Practice_of_Infectious_Diseases?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/263444831_Main_Functions_and_Taxonomic_Distribution_of_Virulence_Genes_in_Brucella_melitensis_16_M?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/263444831_Main_Functions_and_Taxonomic_Distribution_of_Virulence_Genes_in_Brucella_melitensis_16_M?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7223627_Brucella_spp_noncanonical_LPS_Structure_biosynthesis_and_interaction_with_host_immune_system?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==
https://www.researchgate.net/publication/7223627_Brucella_spp_noncanonical_LPS_Structure_biosynthesis_and_interaction_with_host_immune_system?el=1_x_8&enrichId=rgreq-c7aa4c4bbd6d636e353e0d85fe1d1ea3-XXX&enrichSource=Y292ZXJQYWdlOzI4MTgxMTM4NjtBUzoyNzQyMjM4MTgwODAyNTZAMTQ0MjM5MTQ2MTM2Nw==

