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Brucella is a Gram-negative, facultative intracellular bacterium that causes severe
disease in both humans and animals. Brucellosis is still endemic in many
developing countries, impairing animal health and productivity leading to
important economic losses. Brucella melitensis causes abortions in sheep, goats,
and cattle, and it is considered the most pathogenic Brucella spp. in humans.
Currently, vaccination has been accepted as the best mean of control for
brucellosis in small ruminant, with the aim at decreasing the prevalence of the
disease to an acceptable level. Among available vaccines, Brucella melitensis
Rev. 1, an attenuated smooth strain used to control Brucella melitensis infection
in small ruminants, gives heterologous protection against Brucella ovis and is
currently considered the best vaccine for the prophylaxis of brucellosis in sheep
and goats. Yet Rev 1 has several disadvantages, namely residual virulence able

to induce abortion in pregnant animals; a capacity to elicit antibodies against



smooth lipopolysaccharide (S-LPS) which interferes in the differential diagnosis
between vaccinated and naturally infected animals; it is resistant to
streptomycin, one of the antibiotics of choice used to treat brucellosis; it is
pathogenic for humans; and its use is prohibited in countries free of Brucella
melitensis. These several drawbacks indicate the need for a better vaccine for

brucellosis eradication.

This study was conducted to analyze the outer membrane protein (Omp) profile
and determine the antigenicity of local isolates of Brucella melitensis, followed by
development of recombinant cells expressing the selected Omp and finally, study
the immune response following exposure to the recombinant cells. The Omps of
local isolates of Brucella melitensis strains 152, 183, and 293 were extracted
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
producing three major and four minor Omp bands, which were common in all
isolates. They were the 25, 34 and 89 kDa major bands and the 16, 30, 43 and
70 kDa minor bands. Subsequent immunobloting identified consistently common
antigenic bands that were shared by all strains. They were the 16, 34 and 70

kDa bands. The 34 kDa was the only major Omp band found to be antigenic.

Investigations at the molecular level involved isolation and detection of the gene
encoding 34 kDa Omp of Brucella melitensis strain 293. As a result from the

cloning procedures, the recombinant vectors, pET32/LIC-Omp34 plasmid was



created. Sequencing analysis showed that the gene of interest was authentic and
kept in frame with the vector sequence. It was confirmed that the inserted gene
as the Omp 34 kDa gene of Brucella melitensis strain 293 and was found to
contain 927 bp. The gene encodes a deduced protein of 309 amino acids.
Analysis of the nucleotide sequence of Omp 34 kDa gene of Brucella melitensis
strain 293 revealed 100% homology to the porin of Brucella melitensis bv. 1
strain 16M and 99% to 98% homology to the Brucella melitensis porin (Omp2a)

and (Omp2b) genes.

In developing the recombinant cell expressing the Omp 34 kDa, SDS-PAGE and
Western immunoblotting analyses revealed that the expressed fusion protein of
the pET32/LIC-Omp34 was approximately 51 kDa, which contained 17 kDa of
tagged protein and remaining is 34 kDa of the Omp. The results conclusively
demonstrated the successful expression of Brucella melitensis Omp 34 kDa gene

as a fusion protein, which was tested in an Escherichia coli strain.

The next experiment involved /n vivo efficacy of the recombinant Escherichia coli
cells in stimulating humoral and cell-mediated immune responses in goats.
During the course of study, both serum and blood from all groups; vaccinated
and unvaccinated were collected to evaluate the antibody levels via enzyme-
linked immunosorbent assay (ELISA) and cell mediated immunity response of

CD4" and CD8" T cells via immunofluorescent assay. Overall, it was found that
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goats immunized with recombinant cell or whole-cell followed by a booster dose
on day 14, showed strong specific and significantly higher (p<0.05) IgG
response when compared to the unvaccinated group throughout the entire 8-
week study period. Significantly (p<0.05) high antibody levels was observed as
early as week 1 post-vaccination and the titers was considerably increased after
boosting. In contrast, the systemic cellular immune response, particularly the
CD4" and CD8" T cells did not increase after the first and second exposures to
the recombinant cells, but significant (p<0.05) responses cells were observed
only at weeks 4 and 5. This was much inferior than the response following
exposures to whole-cell that resulted in significant (p<0.05) increased as early as
week 1 post-exposure. These results demonstrated that despite the high
antibody level of IgG responses, vaccination with the recombinant Escherichia
coli cells expressing the OMP34 kDa gene of Brucella melitensis strain 293 was
capable of eliciting delayed systemic CD4" and CD8" T cells responses that

lasted for a short period of time.

This study revealed that the Omp 34 kDa of Brucella melitensis strain 293 was
immunogenic. Following preparation of recombinant cells expressing the gene
encoding 34 kDa Omp, exposures to goats were capable to elicit high antibody
levels. However, the systemic CD4" and CD8" T cells responses was delayed and
lasted for a short period of time. Thus, further study is needed with the intention

of boosting the cell-mediated immune responses.
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Brucellae merupakan bakteria Gram-negatif intrasel yang menyebabkan penyakit
yang teruk pada manusia dan haiwan. Brucellosis masih endemik di banyak
negara membangun, mempengaruhi kesihatan haiwan dan produktiviti
menyebabkan kerugian ekonomi yang besar. Brucella melitensis menyebabkan
keguguran pada biri-biri, kambing dan lembu, dan dianggap spesis Brucella yang
paling berbahaya bagi manusia. Setakat ini, pemvaksinan diterima sebagai cara
terbaik untuk mengawal penyakit brucellosis pada ruminan kecil, dengan tujuan
menurunkan kadar penyakit tersebut ke tahap yang boleh diterima. Di antara
vaksin yang sedia ada, Brucella melitensis Rev 1 strain halus yang dilemahkan
sering diguna untuk mengawal jangkitan Brucella melitensis pada ruminan kecil

dengan memberikan perlindungan heterologi terhadap jangkitan oleh Brucella
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Ovis. Kini, ia dianggap sebagai vaksin terbaik untuk biri-biri dan kambing.
Namun, vaksin Rev 1 mempunyai beberapa kelemahan, iaitu sisa kevirulenan
yang mampu menyebabkan keguguran pada haiwan bunting, kemampuan untuk
menghasilkan antibodi terhadap lipopolisakarida licin (S-LPS) yang mengganggu
diagnosis pembezaan antara pemvaksinan dan terjangkit; tahan terhadap
streptomisin, iaitu salah satu antibiotik pilihan untuk merawat brucellosis;
patogenik bagi manusia; dan penggunaannya dilarang di negara bebas Brucella
melitensis. Kelemahan-kelemahan ini menunjukkan perlunya vaksin yang lebih

baik dihasilkan untuk pembenteras brucellosis.

Kajian ini dilakukan untuk menganalisis profil protein selaput luar (Omp) dan
menentukan keantigenan Brucella melitensis isolat tempatan, diikuti dengan
penghasilan sel rekombinan mengekspresi Omp terpilih dan seterusnya mengkaji
gerakbalas keimunan selepas didedahkan kepada sel rekombinan tersebut. Omp
dari Brucella melitensis isolat tempatan strain 152, 183, dan 293 yang diasing
menggunakan sodium dodecil sulfat- gel elektroforesis poliakrilamide (SDS-
PAGE) menghasillkan tiga jalur utama dan empat jalur kecil yang ditemui dalam
semua isolat. Mereka adalah jalur utama 25, 34 dan 89 kDa dan jalur kecil 16,
30, 43 dan 70 kDa. Imunobloting menunjukkan keputusan konsisten jalur
antigenik dikongsi semua isolat, iaitu jalur 16, 34 dan 70 kDa. Hanya 34 kDa

merupakan jalur luar utama yang antigenik.



Siasatan pada peringkat molekul melibatkan pemencilan dan pengesanan gen
yang mengkodkan Omp 34 kDa Omp dari Brucella melitensis strain 293. Analisis
jujukan menunjukkan gen yang terlibat adalah tulen dan berada pada kedudukan
yang betul di dalam jujukan vektor. Ia mengesahkan bahawa gen yang terlibat
adalah gen 34 kDa Omp Brucella melitensis strain 293 dan ditemui mengandungi
berat molekul 927 bp serta mengkodkan protein pada 309 asid amino. Analisis
jujukan nukleotida gen Omp 34 kDa Brucella melitensis strain 293 mendedahkan
100% adalah persamaan dengan porin Brucella melitensis bv. 1 strain 16M dan
99% hingga 98% persamaan kepada gen porin Brucella melitensis (Omp2a) dan

(Omp2b).

Dalam proses membangunkan rekombinan sel yang mengekspresi Omp 34 kDa,
analisis SDS-PAGE dan Western imunoblotting mendedahkan bahawa protein
lakuran yang diekspresikan dari pET32/LIC-Omp34 adalah kira-kira 51 kDa, yang
terdiri daripada 17 kDa label protein dan 34 kDa Omp. Keputusan menunjukkan
kejayaan dalam mengekspresi gen Omp 34 kDa Brucella melitensis sebagai

protein lakuran dalam strain Escherichia coli.

Kajian seterusnya adalah untuk menentukan secara in vivo, keberkesanan sel
rekombinan Escherichia coli dalam merangsang gerakbalas imun humoral dan sel
oleh kambing. Sepanjang kajian ini dijalankan, serum dan darah dari semua
kumpulan; divaksinasi dan tidak divaksinasi diambil untuk menentukan paras

antibodi melalui assai imunoerap terangkai enzim (ELISA) dan gerakbalas sel



CD4" dan CD8" sel T melalui asei immunofluorescent. Secara keseluruhan,
didapati bahawa kambing yang divaksinasi sama ada dengan sel rekombinan
atau sel seluruh, diikuti dos penguat pada hari ke-14, menunjukkan paras
antibodi IgG yang kuat dan meningkat secara signifikan (P<0.05) bila
dibandingkan dengan kumpulan tidak divaksinasi. Secara nyata (p <0.05) paras
antibodi tinggi dilihat seawal minggu pertama selepas pemvaksinan dan titer
terus meningkat selepas pemberian dos penguat. Walau bagaimanapun,
gerakbalas imun sistemik sel CD4" dan CD8" sel T tidak meningkat selepas
dedahan pertama dan kedua pada sel rekombinan, tetapi gerakbalas signifikan
(p <0.05) hanya berlaku pada minggu ke 4 dan 5. Keputusan ini menunjukkan
bahawa walaupun gerakbalas antibodi IgG adalah tinggi, pemvaksinan dengan
sel rekombinan Escherichia coli mengekspresi gen Omp34 kDa dari Brucella
melitensis strain 293 hanya mampu untuk menghasilkan gerakbalas lewat oleh

sel CD4" dan CD8" sel T untuk jangka masa yang pendek.

Sebagai kesimpulan, kajian ini menunjukkan bahawa Omp 34 kDa Brucella
melitensis strain 293 adalah imunogenik. Pendedahan kepada sel rekombinan
yang mengekspresi gen Omp 34 kDa dari Brucella melitensis mampu
meningkatkan paras antibodi IgG yang tinggi. Akan tetapi, gerakbalas sistemik
sel CD4" dan CD8 * adalah lewat dan untuk masa yang singkat. Dengan
demikian, kajian lanjut diperlukan dengan tujuan meningkatkan gerakbalas imun

berperantara sel.
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CHAPTER 1

INTRODUCTION

Brucellosis is a zoonotic disease caused by several species of bacteria from the
genus Brucella. Brucellosis in goats is caused by Brucella melitensis, and is
responsible for considerable economical losses to the goat farmers by way of
reproductive losses in the form of abortions and stillbirths (Gupta et a/., 2007).
Brucella melitensis infection is one of the most widespread and important
zoonoses in the world. The disease is still widespread throughout most countries
of the Mediterranean Basin, West Asia and some parts of Latin America

(Benkirane, 2006).

The predominant symptom of an acute Brucella melitensis infection is
reproductive failure with abortion or birth of weak offspring. Abortion occurs
during the last two months of gestation (Cutler et a/, 2005). In males the
reproductive organs are affected and the bacteria may be shed with semen.
Persistent infection of the udder is accompanied by intermittent discharge of the
agent in milk. Inflammation of the mammary gland reduces milk production.
Aborted foetuses may show increased amounts of bloody fluids in their body
cavities and enlarged spleen and liver. Foetal membranes may be oedematous or

necrotic.



Strategies for the prevention and control of brucellosis in small ruminants
population depend on the prevailing epidemiological and socio-economic
conditions (Minas, 2006). Eradication of brucellosis in small ruminants can be
achieved mainly by depopulation of the infected flocks, but this strategy is costly
and needs a good organization of farmers and veterinary service with
simultaneous implementation of strict movement control measures so that the
disease will not be reintroduced (Minas, 2006). Eradication by implementation of
test and slaughter program cannot be universally applied since it is possible
under certain conditions (Blasco, 2006). Thus, application of a control program
based on vaccination to reduce the prevalence of the disease to an acceptable
level is by implementing an appropriate control measure of brucellosis in small

ruminant in many countries (Blasco, 2006).

The best classical vaccine available for controlling Brucella melitensis infection is
the vaccine which consists of live attenuated Brucella melitensis REV-1, which
rapidly enhanced the immunity of a flock (Minas, 2006). However, vaccination
with the REV-1 has significant drawbacks, namely the development of strong
antibody responses indistinguishable from those induced by natural infection with
Brucella melitensis (Garin et al., 1998), induction of abortion when administered

during pregnancy and is pathogenic to humans (Blasco and Diaz, 1993).

Another vaccine, a smooth-strain Brucella melitensis H38, prepared as

formaldehyde-killed cells in mineral oil adjuvant, is capable to stimulated good



protection against abortion, but the vaccine produces positive serology and
unacceptable local reactions (Renoux et al, 1964; Plommet et al, 1970; Meyer
and Gibbons, 1978). Brucella suis strain S2 has been successfully used via oral
vaccination to control brucellosis of small ruminants in field condition in China
(Xin, 1986) and Libya (Mustafa and Abusowa, 1993). However, this vaccine
appears to have no protective effect against Brucella melitensis infection in
sheep (Verger et al., 1995). VTRM1 is a rough Brucella melitensis strain that
does not interfere with classical serological test, but fails to confer adequate

protection in goats (Elzer et al., 1998).

Therefore, identification of protective antigens is important for the development
of future alternative vaccines, which would avoid the drawbacks of the live
attenuated vaccines. Nucleic acid vaccination using naked DNA or recombinant
plasmid both directly or through viral or bacterial vector is an interesting
approach to boost the immune system. Thus, this approach could be used to
develop a new generation of anti-brucellosis vaccines in the near future (Kurar

and Spliter, 1997).

The outer membrane proteins (Omps) are among the suitable candidates for
preparation of subunit vaccine against brucellosis. The major Omps of Brucella
spp. have been extensively characterized as potential immunogenic and
protective antigens (Cloeckaert et a/, 2002). However, the Omps of local isolates

of Brucella melitensis have not been analysed for their potentiality as a vaccine



candidate. For that reason, the potential of recombinant-based vaccine encoding
outer membrane protein of local isolates Brucella melitensis will be evaluated in

this study. Therefore, the objectives of this study were:

1. to analyze the Omp profile and determine the antigenicity of local isolates
of Brucella melitensis.

2. to construct a recombinant vector containing a gene encoding the
selected Omp of local isolate of Brucella melitensis and express the gene

in Escherichia coll.

3. to study the immune responses of a killed recombinant Escherichia coli

cell expressing the Omp of a local isolate of Brucella melitensis.

The hypothesis of this study were:

1. the Omp31 of local isolates of Brucella melitensis is the most antigenic.

2. the gene encoding the Omp31 of Brucella melitensis can be successfully

cloned and expressed in Eschericia coll.

3. the killed recombinant Eschericia coli cell expressing the Omp31 of a local

isolate of Brucella melitensis can stimulate immune response.






REFERENCES

Adams, G. 1990. Development of live Brucella vaccines. In: Adams, G. (Ed.),
Advances in Brucellosis Research. Texas A&M University Press, pp. 250.

Alcamo, I.E. 1997. In: Fundamentals of Microbiology. 5" edn. Addison Wesley
Longman, Inc., California. pp.766.

Al-Mariri, A., Tibor, A., Mertens, P., De Bolle, X., Michel, P., Godfroid, J.,
Walravens, K. and Letesson, J.J. 2001. Induction of immune response in BALB/c
mice with a DNA vaccine encoding bacterioferritin or P39 of Brucella spp. Infect.
Immun. 69: 6264—-6270.

Allen, C.A., Adams, L.G., Ficht, T.A. 1998. Transposon-derived Brucella abortus
rough mutans are attenuated and exhibit reduced intracellular survival. Infect.
Immun. 66:1008-1016.

Alton, G. and Elberg, S. 1967. Rev-1 Brucella melitensis vaccine: a review of ten
years of study. Vet. Bull. 37: 793—-800.

Alton, G.G., Elberg, S.S. and Crouch, D. 1967. Rev.1 Brucella melitensis vaccine.
The stability of the degree of attenuation. J. Comp. Pathol. 77: 293-300.

Alton, G. 1970. Vaccination of goats with reduced doses of Rev 1 Brucella
melitensis vaccine. Res. Vet. Sci. 11: 54-59.

Alton, G.G. 1985. Rev.1 and H38 Brucella melitensis vaccines. In: Verger, J.M.,
Plommet, M. (Eds.), Brucella melitensis. Martinus Nijhoff, Dordrecht, pp. 215-
227.

Alton, G.G., Jones, L.M., Angus, R.D. and Verger, J.M. 1988. Techniques for the
brucellosis laboratory. Institut National de la Recherche Agronomique, Paris,
France. pp. 225.

Alton, G.G. 1990. Brucella melitensis. In: Animal Brucellosis, Nielsen, K.H. and
Duncan, J.R., eds. CRC Press, Boca Raton, Florida, USA. pp.383—4009.

Anderson, C. 2000. Production and delivery of recombinant subunit vaccine, PhD
Thesis, Dept.of Biotechnology, Royal Institute of Technology, Sweden. pp. 89-91.

Araya, L.N., Elzer, P.H., Rowe, G.E., Enright, F.M. and Winter, A.J. 1989.

Temporal development of protective cell-mediated and humoral immunity in
BALB/c mice infected with Brucella abortus. J. Immunol. 143: 3330-3337.

125



Bachrach, G., Bar-Nir, D., Banai, M. and Bercovier, H. 1994a. Identification and
nucleotide sequence of Brucella melitensis L7/L12 ribosomal protein. FEMS
Microbiol. Lett. 120:237-240.

Bachrach, G., Banai, M., Bardenstein, S., Hoida, G., Genizi, A. and Bercovier, H.
1994b. Brucella ribosomal protein L7/L12 is a major component in the
antigenicity of brucellin INRA for delayed-type hypersensitivity in Brucella
sensitized guinea pigs. Infect. Immun. 62:5361-5366.

Bae, J. 1999. Generation of baculovirus-Brucella abortus heat shock protein
recombinants; mice immune responses against the recombinants, and B. abortus
superoxide dismutase and L7/L12 recombinant proteins, PhD Dissertation,
Virginia Polytechnic Institute and State University, Blacksburg, VA. pp. 56-60.

Bajenoff, M., Wurtz, O. and Guerder, S. 2002. Repeated antigen exposure is
necessary for the differentiation, but not the initial proliferation, of naive CD4+ T
cells. J. Immunol. 168:1723-1729.

Baldwin, C.L. and Winter, A.J. 1994. Macrophages and Brucella. Zmmunol. Serol.
60: 363-380.

Beachey, E.H. 1981. Bacterial adherence: adhesin-receptor interactions
mediating the attachment of bacteria to mucosal surface. J. infect. Dis. 143:
325-345.

Benkirane, A. 2006. Ovine and caprine Brucellosis: World distribution and
control/eradication strategies in West Asia/North Africa region. Small Rum. Res.
62: 19-25.

Biron, C.A. 1999. Initial and innate responses to viral infections pattern setting
in immunity or disease. Curr. Opin. Microbiol. 2: 374-381.

Blasco, J.M., Marin, C.M., Barberan, M., Moriyon, I. and Diaz, R. 1987.
Immunization with Brucella melitensis Rev.1 against Brucella ovis infection of
rams. Vet. Microbiol. 14: 381-392.

Blasco, J.M and Diaz, R. 1993. Brucella melitensis Rev-1 vaccine as a cause of
human brucellosis. Lancet 342: 805.

Blasco, J.M. 1997. A review of the use of B. melitensis Rev-1 vaccine in adult
sheep and goats. Prev. Vet. Med. 31: 275-283.

126



Blasco, J.M. 2006. Existing and future vaccines against brucellosis in small
ruminants. Small Rum. Res. 62: 33-37.

Boschiroli, M. L., Cravero, S.L., Arese, A.L.,, Campos, E. and Rossetti, O.L. 1997.
Protection against infection in mice vaccinated with a Brucella abortus mutant.
Infect. Immun. 65:798-800.

Bosseray, N. and Plommet, M. 1983. A laboratory reference vaccine to titrate
immunogenic activity of antibrucella vaccines in mice. Ann. Rech. Vet. 14:163—
168.

Bowden, R.A., Cloeckaert, A., Zygmunt, M.S. and Dubray, G. 1995a. Outer
membrane protein and rough lipopolysaccharide specific monoclonal antibodies
protect mice against Brucella ovis. J. Med. Microbiol. 43: 344-347.

Bowden, R.A., Cloeckaert, A., Zygmunt, M.S., Bernard, S. and Dubray, G. 1995b.
Surface exposure of outer membrane protein and lipopolysaccharide epitopes in
Brucella species studied by enzyme-linked immunosorbent assay and flow
cytometry. Infect. Immun. 63: 3945-3952.

Bowden, R.A., Estein, S.M., Zygmunt, M.S., Dubray, G. and Cloeckaert, A. 2000.
Identification of protective outer membrane antigens of Brucella ovis by passive
immunization of mice with monoclonal antibodies. Microbes Infect. 2: 481— 488.

Bowe, F., O'Gaora, P., Maskell, D., Cafferkey, M. and Dougan, G. 1989.
Virulence, persistence, and immunogenicity of Yersinia enterocolitica O:8 aroA
mutants. Infect. Immun. 57(10): 3234-3236.

Bricker, B. J., Tabatabai, L.B., Deyoe, B.L. and Mayfield, J.E. 1988. Conservation
of antigenicity in a 31-kDa Brucella protein. Vet. Microbiol. 18:313-325.

Brown, L. 1973. Hematology : Principles and Procedures. Academic Press.
Phila. pp. 143.

Bundle, D. R., Cherwonogrodzky, J.W. and Perry, M.B. 1987. The structure of
the lipopolysaccharide 0-chain (M antigen) and polysaccharide B produced by
Brucella melitensis 16M. FEBS Lett. 216:261-264.

Bundle, D. R., Cherwonogrodzky, J.W., Gidney, M.A.J., Meikle, P.J., Perry, M.B.
and Peters, T. 1989. Definition of Brucella A and M epitopes by monoclonal
typing reagents and synthetic oligosaccharides. Infect. Immun. 57:2829-2836.

Buyukcangaz, E. and Sen, A. 2007. The first isolation of Brucella melitensis from
bovine aborted tissue in Turkey. J. Biol. Environ. Sci. 1(3): 139-142.

127


http://www.ncbi.nlm.nih.gov/pubmed/2777382?ordinalpos=8&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

Canning, P.C., Roth, J.A. and Deyoe, B.L. 1986. Release of 5’ guanosine
monophosphate and adenine by Brucella abortus and their role in the
intracellular survival of the bacteria. J. Infect. Dis. 154: 464-470.

Capasso, L. 2002. Bacteria in two-millenia-old cheese, and related epizoonoses
in roman populations. J. Inf. 45(2): 122-127.

Cardoso, P.G., Macedo, G.C., Azevedo, V. and Oliveira, S.C. 2006. Brucella spp.
noncanonical LPS: structure, biosynthesis, and interaction with host immune
system. Microb. Cell Fact. 5: 13.

Caroff, M., Bundle, D.R., Perry, M.B., Cherwonogrodzky, J.W. and Duncan, J.R.
1984. Antigenic S-type lipopolysaccharide of Brucella abortus 1119-3. Infect.
Immun. 46: 384-388.

Cassataro, J., Velikovsky, C.A., Giambartolomei, G.H., Estein, S., Bruno, L.,
Cloeckaert, A., Bowden, R.A., Spitz, M. and Fossati, C.A. 2002. Immunogenicity
of the Brucella melitensis recombinant ribosome recycling factor-homologous
protein and its cDNA. J. Vacc. 20: 1660-1669.

Cassataro, J., Velikovsky, C.A., de la Barrera, S., Estein, S.M., Bruno, L.,
Bowden, R., Pasquevich, K.A., Fossati, C.A. and Giambartolomei, G.H. 2005a. A
DNA vaccine coding for the Brucella outer membrane protein 31 confers
protection against B. melitensis and B. ovis infection by eliciting a specific
cytotoxic response. Infect. Immun. 73: 6537-6546.

Cassataro, J., Estein, S.M., Pasquevich, K.A., Velikovsky, C.A., de la Barrera, S.,
Bowden, R., Fossati, C.A. and Giambartolomei. G.H. 2005b. Vaccination with the
recombinant Brucella outer membrane protein 31 or a derived 27-amino-acid
synthetic peptide elicits a CD4+ T helper 1 response that protects against
Brucella melitensis infection. Infect. Immun. 73: 8079-8088.

Cassataro, J., Carlos, A., Velikovsky, Laura, B., Estein, S.M., de la Barrera, S.,
Bowden, R., Fossati, C.A. and Giambartolomel, G.H. 2007. Improved
immunogenicity of a vaccination regimen combining a DNA vaccine encoding
Brucella melitensis outer membrane protein 31 (Omp31) and recombinant
Omp31 boosting. Clin. Vacc. immunol. 4(7): 869-874.

Celli, J. 2006. Surviving inside a macrophage: The many ways of Brucella. Res.
Microbiol. 157: 93-98.

128



Cespedes, S., Andrews, E., Folch, H. and Onate, A. 2000. Identification and
partial characterization of a new protective antigen of Brucella abortus. J. Med.
Microbiol. 49: 165-170.

Chart, H., Smith, H. R., La Ragione, R. M. and Woodward, M. J. 2000. An
investigation into pathogenic properties of Escherichia coli strains BLR, BL21,
DH5alpha and EQL1. J. Appl. Microbiol. 89: 1048-1058.

Cheers, C. 1984. Pathogenesis and cellular immunity in experimental murine
brucellosis. Dev. Biol. Stand. 56: 237-246.

Chen, L., Suzuki, Y. and Wheelock. E.F. 1987. Interferon-y synergizes with tumor
necrosis factor and with interleukin-1 and requires the presence of both
monokines to induce antitumor cytotoxic activity in macrophages. J. Immunol.
12: 4096-4101.

Cloeckaert, A., de wergifosse, P., Dubray, G. and Limet, J.N. 1990.
Identification of seven surface-exposed Brucella outer membrane proteins by use
of monoclonal antibodies: immunogold labeling for electron microscopy and
enzyme-linked immunosorbent assay. Infect. Immun. 58: 3980-3987.

Cloeckaert, A., Jacques, 1., Bosseray, N., Limet, J.N., Bowden, R., Dubray, G. and
Plommet, M. 1991. Protection conferred on mice by monoclonal antibodies
directed against outer-membrane-protein antigens of Brucella. J. Med. Microbiol.
34: 175-80.

Cloeckaert, A., Jacques, L, de Wergifosse, P., Dubray, G. and Limet, J.N. 1992a.
Protection against Brucella melitensis or Brucella abortus in mice with
immunoglobulin G (IgG), IgA, and IgM monoclonal antibodies specific for a
common epitope shared by the Brucella A and M smooth lipopolysaccharide.
Infect. Immun. 60: 312 — 315.

Cloeckaert, A., Zygmunt, M.S., de Wergifosse, P., Dubray, G. and Limet, J.N.
1992b. Demonstration of peptidoglycan-associated Brucella outer membrane
proteins by use of monoclonal antibodies. J. Gen. Microbiol. 138: 1543-50.

Cloeckaert, A., Jacques, I., Limet, J.N. and Dubray, G. 1995. Immunogenic
properties of Brucella melitensis cell wall fractions in BALB/c mice. J. Med.
Microbiol. 42: 200-208.

Cloeckaert, A., Verger, J.M., Grayon, M., Zygmunt, M.S. and Vizcaino, N. 1996a.

Minireview: Molecular and immunological characterization of the major outer
membrane proteins of Brucella. FEMS Microbiol. Lett. 145: 1-8.

129



Cloeckaert, A., Debbarh, H.S., Vizcaino, N., Saman, E., Dubray, G. and Zygmunt,
M.S. 1996b. Cloning, nucleotide sequence, and expression of the Brucella
melitensis bp26 gene coding for a protein immunogenic in infected sheep. FEMS

Microbiol. Lett. 140: 139-144.

Cloeckaert, A. 1997. Antigens of Brucella. The 50th Anniversary Meeting of
Brucellosis Research Conference. pp.35-36.

Cloeckaert, A., Vizcaino, N., Paquet, J.Y., Bowden, R.A. and Elzer, P.H. 2002.
Major outer membrane proteins of Brucella spp.: past, present and future. Vet.
Microbiol. 90: 229-247.

Collins, F.M. and Campbell, S.G. 1982. Immunity to intracellular bacteria. Vet.
Immunol. Immunopathol. 3: 5-66.

Collins, F.M. 1979. Cellular antimicrobial immunity. CRC Crit. Rev. Microbiol. 7:
27-91.

Corbeil, L.B., Blau, K., Inzana, T.J., Nielsen. K.H., Jacobson, R.H., Corbeil, R.R.
and Winter, A.J. 1988. Killing of Brucella abortus by bovine serum. Infect.
Immun. 56: 3251-3261.

Corbel, M. J. 1990. Brucella. In: Parker, M.T. and Collier, L.H. (ed.), Topley and
Wilson’s Principles of Bacteriology, Virology and Immunology, 8th ed. Edward
Arnold, London, England. pp. 339-353.

Corbel, M.]., Brinley-Morgan, W.]. 1984. Genus Brucella Meyer and Shaw 1920,
173AL. In: Krieg, N.R., Holt, J.G. (Eds.), Bergey’s Manual of Systematic
Bacteriology, vol.1. The Williams & Wilkins Co., Baltimore, MD. pp.377-388.

Cutler, S., Whatmore, A. and Commander, N. 2005. Brucellosis-new aspects of
an old disease. J. Appl. Microbiol. 98(6): 1270-1281.

Davies, R.L., Parton, R., Coote, J.G., Gibbs, H.A. and Freer, J.H. 1992. Outer
membrane protein and lipopolysaccharide variation in Pasteurella haemolytica Al
under different growth conditions. J. Gen. Microbiol. 138: 909-922.

Debbarh, H. S., Zygmunt, M.S., Dubray, G. and Cloeckaert, A. 1996. Competitive
enzyme-linked immunosorbent assay using monoclonal antibodies to the Brucella
melitensis BP26 protein to evaluate antibody responses in infected and B.
melitensis Rev.1 vaccinated sheep. Vet. Microbiol. 53: 325-337.

130



Detilleux, P.G., Deyoe, B.L. and Cheville, N.F. 1990. Penetration and
intracellular growth of Brucella abortus in non phagocytic cells in vitro. Infect.
Immun. 58: 2320-2328.

De Wergifosse, P., Lintermans, P., Limet, J.N. and Cloeckaert., A. 1995. Cloning
and nucleotide sequence of the gene coding for the major 25-kDa outer
membrane protein of Brucella abortus. J. Bacteriol. 177: 1911-1914.

Douglas, ]J. T. and Palmer, D.A. 1988. Use of monoclonal antibodies to identify
the distribution of A and M epitopes on smooth Brucella species. J. Clin.
Microbiol. 26: 1353-1356.

Douglas, J.T., Rosenberg, E.Y., Nikaiho, H., Verstreate, D.R. and Winter, A.J.
1984. Porins of Brucella species. Infect. Immun. 44: 16-21.

Doyle, A. G., Halliday, W.J., Barnett, C.J., Dunn, T.L. and Hume, D.A. 1992.
Effect of recombinant human macrophage colony-stimulating factor 1 on
immunopathology of experimental brucellosis in mice. Infect. Immun. 60: 1465—
1472.

Dubendorff, J.W. and Studier, F.W. 1991. Controlling basal expression in an
inducible T7 expression system by blocking the target T7 promotor with /ac
receptor. J. Mol. Biol. 219: 45-49.

Dubray, G. 1987. Protective antigens in brucellosis. Ann. Inst. Pasteur. Microbiol.
138: 84-87.

Dubray, G. and Charriaut, C. 1983. Evidence of three major polypeptide species
and two major polysaccharide species in the Brucella outer membrane. Ann.
Rech. Vet. 14: 311-318.

Dubray, G. 1981. PhD Thesis, Universite de Paris-Sud, Paris.cass. pp. 105-40.

Dubray, G. and Bezard, G. 1980. Isolation of three protective cell-wall antigens
of Brucella abortus in experimental brucellosis in mice. Ann. Rech. Vet. 11: 367-
373.

Edmonds, M.D., Cloeckaert, A., Hagius, S.D., Samartino, L.E., Fulton, W.T.,
Walkerf, J.V., Enright, M., Booth, N.J. and Elzer, P.H. 2002. Pathogenicity and
protective activity in pregnant goats of Brucella melitensis omp25 deletion
mutant. Res. Vet. Sci. 72: 235-239.

Elberg, S.S. 1981. Rev.1 Brucella melitensis vaccine. Part II: 1968-1980. Vet.
Bull. 51: 67-73.

131



Elberg, S.S. and Faunce, W.K. 1957. Immunization against Brucella infection. 1V.
Immunity conferred on goats by a non dependant mutant from a streptomycin
dependant mutant strain of Brucella melitensis. J. Bacteriol. 73: 211.

El-Idrissi, A.H., Benkirane, A., El-Maadoudi, M., Bouslikhane, M., Berrada, J. and
Zerouali, A. 2001. Comparison of the efficacy of Brucella abortus strain RB51
and Brucella melitensis Rev. 1 live vaccines against experimental infection with
Brucella melitensis in pregnant ewes. Rev. Sci. Tech. Off. Int. Epizoot. 20: 741-
747.

Elzer, P.H., Jacobson, R.H., Jones, S.M., Nielsen, K.H., Douglas, J.T. and Winter,
A.J. 1994a. Antibody-mediated protection against Brucella abortus in BALB/c
mice at successive periods after infection ; variation between virulent strain 2308
and attenuated vaccine strain 19. J. Immunol. 82: 651-658.

Elzer, P. H, Jacobson, R.H., Nielsen, K.H., Douglas, J.T. and Winter, A.J. 1994b.
BALB/c mice infected with Brucella abortus express protracted polyclonal
responses of both IgG2a and 1gG3 isotypes. Immunol Lett. 42: 145-150.

Elzer, P. H., Phillips, R.W., Kovach, M.E., Peterson, K.M. and Roop, R.M. 1994c.
Characterization and genetic complementation of a Brucella abortus high-
temperature-requirement A (htrA) deletion mutant. Infect Immun. 62: 4135-
4139.

Elzer, P. H., Phillips, R.W., Robertson, G.T. and Roop, R.M. 2nd. 1996a. The HtrA
stress response protease contributes to resistance of Brucella abortus to killing
by murine phagocytes. Infect Immun. 64: 4838-4841.

Elzer, P. H., Hagius, S.D., Robertson, G.T., Phillips, R.W., Walker, 1.V., Fatemi,
M.B., Enright, F.M. and Roop, R.M. 1996b. Behaviour of a hightemperature-
requirement A (HtrA) deletion mutant of Brucella abortus in goats. Res. Vet. Sci.
60: 48-50.

Elzer, P., Enright, F., McQuinston, Boyle, G, and Schurig, G. 1998. Evaluation of a
rough mutant of Brucella melitensis in pregnant goats. Res. Vet. Sci. 64: 259-
260.

Elzer, P.H., Enright, F.M., McQuiston, J.R., Boyle, S.M. and Schurig, G.G. 2006.

Evaluation of novel Brucella melitensis unmarked deletion mutants for safety and
efficacy in the goat model of brucellosis. Vaccine 24(24): 5169-77.

132



Enright, F.M. 1990. The pathogenesis and pathobiology of Brucella infection in
domestic animals. In : Klaus, N., Robert, D.J. Animal Brucellosis. CRC Press.,
Boca Raton, Florida. pp. 301-334.

Ertl, H.C.J. and Xiang, Z. 1996. Novel vaccine approaches. J. Immunol.
156:3579-3582.

Estein, S.M., Cassataro, J., Vizcaino, N., Zygmunt, M.S., Cloeckaert, A. and
Bowden, R.A. 2003. The recombinant omp31 from Brucella melitensis alone or
associated with rough LPS induces protection against B. ovis infection in Balb/c
mice. Microb. Infect. 5: 85-93.

Estein, S.M., Cheves, P.C., Firentino, M.A., Cassataro, J., Paolicchi, F.A. and
Bowden, R.A. 2004. Immunogenicity of recombinant OMP31 from Brucella
melitensis in rams and serum bactericidal activity against Brucella ovis. Vet.
Microbid. 102: 203-213.

Eze, M. 0., Yuan, L., Crawford, R.M., Paranavitana, C.M., Hadfield, T.L.,
Bhattacharjee, A.K., Warren, R.L. and Hoover. D.L. 2000. Effects of opsonization
and gamma interferon on growth of Brucella melitensis 16M in mouse peritoneal
macrophages in vitro. Infect. Immun. 68: 257-263.

Fensterbank, R., Pardon, P. and Marly, J. 1982. Efficacy of Brucella melitensis
Rev.1 vaccine against Brucella ovis infection in rams. Ann. Rech. Vet. 13: 185-
190.

Fensterbank, R., Pardon, P. and Marly, J. 1985. Vaccination of ewes by a single
conjunctival administration of Brucella melitensis Rev 1 vaccine. Ann. Rech. Vet.
16: 351-358.

Fernandes, D.M. and Baldwin, C.L. 1995. Interleukin-10 down regulates
protective immunity to Brucella abortus. Infect. Immun. 63: 1130-1133.

Fernandes, D.M., Benson, R., Baldwin, C.L. 1995. Lack of a role of natural killer
cells in early control of Brucella abortus 2308 infections in mice. Infect. Immun.
63: 4029-4033.

Fernandes, D.M., Jiang, X., Jung, J.H., Baldwin, C.L. 1996. Comparison of T cell
cytokines in resistant and susceptible mice infected with virulent Brucella abortus
strain 2308. FEMS Immun. Med. Microbiol. 16: 193-203.

Fernandez-Prada, C.M., Nikolich, M., Vemulapalli, R., Sriranganathan, N., Boyle,
SM., Schurig, G.G., Hadfield, T.L. and Hoofer, D.L. 2001. Deletion of wboA

133



enhances activation of the lectin pathway of complement in Brucella abortus and
Brucella melitensis. Infect. Immun. 69: 4407-4416.

Ferrao-Beck, L. 2005. Direct Submission. Submitted Bacteriologia e Virologia,
Laboratorio Nacional de Investigacao Veterinaria, Rua dos Lagidos - Lugar da
Madalena, Vairao, Portugal. Porto. pp.4485-655.

Ficht, T.A., Bearden, S.W., Sowa, B.A., Adams, L.G. 1988. A 36-kDa Brucella
abortus cell envelope protein is encoded by repeated sequences closely linked in
the genomic DNA. Infect. Immun. 56: 2036-2046.

Ficht, T.A., Bearden, S.W., Sowa, B.A., Adams, L.G. 1989. DNA sequence and
expression of the 36-kDa outer membrane protein gene of Brucella abortus.
Infect. Immun. 57: 3281-3291.

Ficht,T.A., Husseinen,H.S., Derr,J. and Bearden,S.W. 1996. Species-specific
sequences at the omp2 locus of Brucella type strains. Int. J. Syst. Bacteriol. 46
(1): 329-331.

Filip, C., Fletcher, G., Wulff, J.L. and Earhart, C.F. 1973. Solubilization of the
cytoplasmic membrane of Eschericia coli by the ionic detergent sodium-lauryl
sarcosinate. J. Bacteriol. 115: 717-722.

Forestier, C., Moreno, E., Pizarro-Cerda, J. and Gorvel, J.P. 1999. Lysosomal
accumulation and recycling of lipopolysaccharide to the cell surface of murine
macrophages, an /n vitro and /n vivo study. J. Immunol. 162: 6784-6791.

Forestier, C., Deleuil, F., Lapaque, N., Moreno, E. and Gorvel, J.P. 2000. Brucella
abortus lipopolysaccharide in murine peritoneal macrophages acts as a down-
regulator of T cell activation. J. Zmmunol. 165: 5202-5210.

Foulds, K. E., Zenewicz, L.A., Shedlock, D.]., Jiang, J., Troy, A.E. and Shen. H.
2002. Cutting edge: CD4 and CD8 T cells are intrinsically different in their
proliferative responses. J. Immunol. 168:1528-1532.

Freer, E., Moreno, E., Moriyon, 1., Pizarro-Cerda, J., Weintraub, A. and Gorvel,
J.P. 1996. Brucella=Salmonella lipopolysaccharide chimeras are less permeable
to hydrophobic probes and more sensitive to cationic peptides and EDTA than
are their native Brucella sp. counterparts. J. Bacteriol. 178: 5867-5876.

Gallot-lavelle, T., Zygmunt, M.S., Cloeckaert, A., Bezard, G. and Dubray, G.

1995. Growth-phase dependent variations in the outer membrane protein profile
of Brucella melitensis. Res. Microbiol. 146: 227-236.

134



Gandara, B., Merino, A., Rogel, M. and Martinez-Romero, E. 2001. Limited
genetic diversity of Brucella spp. J. Clin. Microbid. 39: 235-240.

Garin-Bastuji, B., Bowden, R.A., Dubray, G. and Limet, J.N. 1990. Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblotting analysis
of smooth-lipopolysaccharide heterogeneity among Brucella biovars related to A
and M specificities. J. Clin. Microbiol. 28: 2169-2174.

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

Germain, R.N. 1994. MHC-dependent antigen processing and peptide
presentation. Cell. 76: 287-299.

Godfroid, F., Taminiau, B., Danese, 1., Denoel, P., Tibor, A., Weynants, V.,
Cloeckaert, A., Godfroid, J. and Letesson, J.J. 1998. Identification of the
perosamine synthetase gene of Brucella melitensis 16M and involvement of
lipopolysaccharide O-side chain in Brucella survival in mice and macrophages.
Infect. Immunol. 66: 5485-5493.

Godfroid, F., Cloeckaert, A., Taminiau, B., Danese, 1., Tibor, A. and de Bolle, X.
2000. Genetic organisation of the lipopolysaccharide O-antigen biosynthesis
region of Brucella melitensis 16M. Res. Microbiol. 151: 655—668.

Godfroid, J. and Kasbihrer, A. 2002. Brucellosis in the European Union and
Norway at the turn of the twenty-first century. Vet. Microbiol. 90: 135-145.

Golding, B., Scott, D.E., Scharf, O., Huang, L., Zaitseva, M., Lapham, C., Eller, N.
and Golding, H. 2001. Immunity and protection against Brucella abortus. Microb.
Infect. 3: 43-48.

Goldman, R.C. and Leive, L. 1980. Heterogeneity of antigenic-sidechain length in
lipopolysaccharide from Escherichia coli 0111 and Salmonella typhimurium LT2.
Eur. J. Biochem. 107: 145- 153.

Gomez-Miouel, M.J. and Moriyon, I. 1986. Demonstration of a peptidoglycan-
linked lipoprotein and characterization of its trypsin fragment in the outer
membrane of Brucella spp. Infect. Immun. 53: 678-684.

Gonzalez-Smith, A., Vemulapalli, R., Andrews, E. and Onate, A. 2006.

Evaluation of Brucella abortus DNA vaccine by expression of Cu-Zn superoxide
dismutase antigen fused to IL-2. J. Immunobiol. 211: 65— 74.

135



Gradwell, D. V. and Van Zyl, F.E. 1975. Effectivity of Rev. 1 vaccine in rams
against Brucella ovis infection. J. S. Afr. Vet. Assoc. 46:349-351.

Gross, A., Terraza, A., Ouahrani-Bettache, S., Liautard, J.P., Dornand, J. 1999.
In vitro Brucella suis infection prevents cell death of human monocytic cells.
Infect. Immun. 68: 342-351.

Guilloteau, L. A., Laroucau, K., Vizcaino, N., Jacques, I. and Dubray, G. 1999.
Immunogenicity of recombinant Escherichia coli expressing the omp31 gene of
Brucella melitensis in BALB/c mice. J. Vaccine. 17: 353-361.

Gupta, V.K., Rout, P.K. and Vihan, V.S. 2007. Induction of immune response in
mice with a DNA vaccine encoding outer membrane protein (omp31) of Brucella
melitensis 16M. Res. Vet. Sci. 82: 305-313.

Gurunathan, S., Klinman, D.M. and Seder, R.A. 2000a. DNA vaccines:
immunology, application, and optimization. Ann. Rev. Immunol. 18:927-974.

Gurunathan, S., Wu, C. Y., Freidag, B. L. and Seder, R. A. 2000b. DNA vaccines:
a key for inducing long-term cellular immunity. Curr. Opin. Immunol. 12: 442-
447.

Hagan, W.A., Bruner, D.W. and Timoney, J.F. 1988. Microbiology and Infectious
Disease.8™ ed. Cornell University Press.USA. pp. 380-410.

Halling, S. M., Detilleux, P.G., Tatum, F.M., Judge, B.A. and Mayfield, J.E. 1991.
Deletion of the BCSP31 gene of Brucella abortus by replacement. Infect.Immun.
59:3863-3868.

Hancock, R.E.W. 1991. Bacterial outer membrane: evolving concept. ASM
News. 57: 175 — 182.

Harlow, E. and Lane, D. 1988. Immunoblotting. In: Antibodies: A laboratory
manual, Cold Spring Harbor Laboratory, Cold Spring Harbor Publication, New
York. pp.506.

Hedstrom, R.C., Pavlovskis, O.R. and Galloway, D.R. 1984. Antibody response
of infected mice to outer membrane proteins of Pseudomonas aeruginosa. Infect.
Immun. 43: 49-53.

Hernandez, L., Ochoa, D., Diaz, E., Cordoba, L., Lopez, M. and Ontiveros, C.

2001. Conferred protection for RB51 vaccine in goats. In: Proceedings of 54th
Annual Brucellosis Research Conference, St. Louis, USA. pp. 89-95.

136



Ho, M. and Cheers, C. 1982. Resistance and susceptibility of mice to bacterial
infection. IV. Genetic and cellular basis of resistance to chronic infection with
Brucella abortus. J. Infect. Dis. 146: 381-387.

Hodgson, J. C., Finucane, A., Dagleish, M. P., Ataei, S., Parton, R. and Coote, J.
G. 2005. Efficacy of vaccination of calves against haemorrhagic septicaemia with
aroA derivative of Pasteurella multocida B:2 by two different routes of
administration. Infect. Immun. 73(3): 1475-1481.

Hoffmann, E.M. and Houle, 1.J. 1983. Failure of Brucella abortus
lipopolysaccharide (LPS) to activate alternative pathway of complement. Vet
Immunol. Immunopathol. 5: 65-76.

Hoiseth, S. K. and Stocker, B. A. 1981. Aromatic-dependent Salmonella
typhimurium are non-virulent and effective as live vaccines. Nature 291(5812):
238-239.

Ina Salwany, M.Y. 2008. Identification, Cloning, Sequencing, Expression and
Protective Capacity of The Gene Encoding A Fimbrial Protein of Pasteurella
multocida B:2 , PhD Thesis, Faculty of Science and Technology, Universiti
Malaysia Terengganu. pp. 30-45.

Inguli, E., Mondino A., Khoruts A. and Jenkins M.K. 1997. In vivo detection of
dendritic cell antigen presentation to CD4+ T cells. J. Exp. Med. 185: 2133-2141.

Isaguliants, M.G., Iakimtchouk, K., Petrakova, N.V., Yermalovich, M.A., Zuber,
A.K., Kashuba, V.I., Belikov, S.V., Andersson, S., Kochetkov, S.N., Klinman, D.M.
and Wahren, B. 2004. Gene immunization may induce secondary antibodies
reacting with DNA. Vaccine 22: 1576-1585.

Jacques, I., Cloeckaert, A., Limet, J.N. and Dubray, G., 1992. Protection
conferred on mice by combinations of monoclonal antibodies directed against
outer-membrane proteins or smooth lipopolysaccharide of Brucella. J. Med.
Microbiol. 57: 100-103.

Jiang, X. and Baldwin, C.L. 1993. Effects of cytokines on the ability of
macrophages to control intracellular Brucella abortus. Infect. Immun. 61: 124—
134.

Jimenez de Bagues, M.P., Marin, C.M., Barberan, M. and Blasco, J.M. 1989.
Responses of ewes to B. melitensis Rev.1 vaccine administered by subcutaneous
or conjunctival routes at different stages of pregnancy. Ann. Rech. Vet. 20: 205—
213.

137


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hoiseth%20SK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stocker%20BA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Jimenez de Bagues, M.P., Marin, C.M., Blasco, J.M., Moriyon, I. and Gamazo, C.
1992. An ELISA with Brucella lipopolysaccharide antigen for the diagnosis of B.
melitensis infection in sheep and for the evaluation of serological responses
following subcutaneous or conjunctival B. melitensis strain Rev.1 vaccination.
Vet. Microbiol. 30: 233-241.

Jimenez de Bagues, M. P., Elzer, P.H., Blasco, J.M., Marin, C.M., Gamazo, C. and
Winter, A.J. 1994. Protective immunity to Brucella ovis in BALB/c mice following
recovery from primary infection or immunization with subcellular vaccines. Infect.
Immun. 62:632—-638.

Jimenez de Bagues, M.P., Barberan, M., Marin, C.M. and Blasco, J.M. 1995. The
Brucella abortus RB51 vaccine does not confer protection against Brucella ovis in
rams. J. Vacc. 13: 301-304.

Johnson, G.D., Davidson, R.S., McNamee, K.C., Russel, G., Goodwin, D. and
Hallbrow, E.J. 1982. Fading of immunofluorescence during microscopy: a study
of the phenomenon and its remedy. J. Immunol. Methods 55: 231-242.

Jones, S.M. and Winter, A.J. 1992. Survival of virulent and attenuated strains of
Brucella abortus in normal and gamma interferon-activated murine peritoneal
macrophages. Infect. Immun. 60: 3011-3014.

Kaech, S. M. and Ahmed, R. 2001. Memory CD8+ T cell differentiation: initial
antigen encounter triggers a developmental program in naive cells. ANat.
Immunol. 2: 415-422.

Kapatral, V., Los, T., Ivanova, N., Anderson, I., Bhattacharyya,A., Lykidis, A.,
Reznik, G., Jablonski, L., Larsen, N., D'Souza, M., Bernal, A., Mazur, M.,
Goltsman, E., Selkov, E., Haselkorn, R., Kyrpides, N. and Overbeek, R. 2001.
Direct submission. Submitted Integrated Genomics, Inc., 2201 W. Campbell Park
Drive, IL 60612, USA. pp.3485-655.

Kaufmann, S. H., Schoel, B., Wand-Wurttenberger, A., Steinhoff, U., Munk, M.E.
and Koga, T. 1990. T-cells, stress proteins, and pathogenesis of mycobacterial
infections. Curr. Top. Microbiol. Immunol. 155: 125-141.

Keleti, G., Feingold, D.S. and Youngner, 1.S. 1974. Interferon induction in mice
by lipopolysaccharide from Brucella abortus. Infect. Immun. 10: 282— 283.

King, N.B., Edgington, B.H. and Frank, N.A. 1958. The use of Huddleson’s
Brucella M vaccine under field conditions. Am. J. Vet. Res. 19: 93.

138



Kittelberger, R., Diack, D.S., Vizcaino, N., Zygmunt, M.S. and Cloeckaert, A.
1998. Characterization of an immuno-dominant antigen in Brucella ovis and
evaluation of its use in an enzyme-linked immunosorbent assay. Vet. Microbiol.
59: 213- 227.

Kittelberger, R., Hilbink, F., Hansen, M.F., Ross, G.P., de Lisle, G.W., Cloeckaert,
A. and de Bruyn, J. 1995a. Identification and characterization of
immunodominant antigens during the course of infection with Brucella ovis. J.
Vet. Diagn. Invest. 7: 210-218.

Knights, J.M., Adlam, C. and Owen, P. 1990. Characterization of envelope
proteins from Pasteurella haemolytica and Pasteurella multocida. J. Gen.
Microbiol. 136: 495-505.

Ko, J., Gendron-Fitzpatrick, A. and Splitter, G.A. 2002. Susceptibility of interferon
regulatory factor (IRF-1) and interferon consensus sequence binding protein
(ICSBP) deficient mice to brucellosis. J. Immunol. 168: 2433-2440.

Ko, J. and Splitter, G.A. 2003. Molecular host-pathogen interaction in brucellosis:
Current understanding and future approaches to vaccine development for mice
and humans. Am. Soc. Microbiol. 16(1): 65-78.

Kovach, M. E., Elzer,P.H., Robertson, G.T., Chirhart-Gilleland, R.L., Christensen,
M.A., Peterson, K.M. and Roop, R.M. 1997. Cloning and nucleotide sequence
analysis of a Brucella abortus gene encoding an 18 kDa immunoreactive protein.
Microb. Pathog. 22: 241-246.

Kurar, E. and Splitter, G. 1997. Nucleic acid vaccination of Brucella abortus
ribosomal L7/L12 gene elicits immune response. J. Vacc. 15: 1851-1857.

Kuusi, N., Nurminen, M., Saxen, H., Valtonen, M. and Makela, P.H. 1979.
Immunization with major outer membrane proteins in experimental salmonellosis
in mice. Infect. Immun. 25: 857-862.

Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227: 680-685.

Lapaque, N., Moriyon, I.,, Moreno, E. and Gorvel, J.P. 2005. Brucella
lipopolysaccharide acts as a virulence factor. Curr. Opin. Microbiol. 8: 60—66.

Leclerg, S., Harms, 1.S., Rosinha, G.M., Azevedo, V. and Oliveira, S.C. 2002.
Induction of a Thl-type of immune response but not protective immunity by
intramuscular DNA immunisation with Brucella abortus GroEL heat-shock gene. J.
Med. Microbiol. 51: 20-26.

139



Liautard, J.P., Gross, A., Dornand, J. and Kohler, S. 1996. Interactions between
professional phagocytes and Brucella spp. J. Microbiol. 12(2): 197-206.

Liljeqvist, S. and Stahl, S. 1999. Production of recombinant subunit vaccines:
protein immunogens, live delivery systems and nucleic acid vaccines. J.
Biotechnol. 73: 1-33.

Limet, J.N., Bosseray, N., Garin-Bastuji, B., Dubray, G. and Plommet, M. 1989.
Humoral immunity in mice mediated by monoclonal antibodies against the A and
M antigens of Brucella. J. Med. Microbiol. 30: 37-43.

Lin, J., Adams, L.G. and Ficht, T.A. 1992. Characterization of the heat shock
response in Brucella abortus and isolation of the genes encoding the GroE heat
shock proteins. Infect. Immun. 60: 2425-2431.

Lin, J. and Ficht, T.A. 1995. Protein synthesis in Brucella abortus induced during
macrophage infection. Infect. Immun. 63: 1409-1414.

Lin, J., Adams, L.G, Ficht, T.A. 1996. Immunological response to the Brucella
abortus GroEL homolog. Infect.Immun. 64: 4396-4400.

Lovat, P.E., Hannam-Harris, A.C. and Watson, J.G. 1987. Enumeration of
lymphocyte subpopulations by immunofluorescent staining of whole blood
smears. J. Immunol. Methods 97: 37-40.

Lu, S.L. and Zhang, J.L. 1989. Brucellosis in China. In: Young, E.J., Corbel, M.J.
(Eds.), Brucellosis: Clinical and Laboratory Aspects. CRC Press, Boca Raton,
Chapter 13, pp. 173-180.

Luo, D., Ni, B., Li, P., Shi, W., Zhang, S. and Han, Y. 2006. Protective immunity
elicited by a divalent DNA vaccine encoding both the L7/L12 and Omp16 genes
of Brucella abortus in BALB/c mice. Infect. Immun. 74: 2734-41.

Marin, C.M., Barberan, M., Jimenez de Bagues, M.P., Blasco, J.M. 1990.
Comparison of subcutaneous and conjunctival routes of Rev 1 vaccination with
prophylaxis of Brucella ovis infection in rams. Res. Vet. Sci. 48: 209-215.

Marin, C.M., Moreno, E., Moriyon, 1., Diaz, R. and Blasco, J.M. 1999.
Performance of competitive and indirect ELISA's, gel immunoprecipitation with
native hapten polysaccharide and standard serological tests in diagnosis of sheep
brucellosis. dlin. Diagn. Lab. Immunol. 6: 269-272.

140



Marquis, H. and Ficht, T.A. 1993. The ompZ2 locus of Brucella abortus encodes
two homologous outer membrane proteins with properties characteristic of
bacterial porins. Infect. Immun. 61: 3785-3790.

Martha, C., Moreno, L., Ahide Lopez, M., Ruben Lopez, S. 1995. Cell response
to a salt-extractable and sonicated Brucella melitensis 16M antigen in human
brucellosis. Clin. Diagn. Lab. Immunol. 2(3): 377-380.

Martinez de Tejada, G., Pizarro-Cerda, J., Moreno, E. and Moriyon, I. 1995. The
outer membranes of Brucella spp. are resistant to bactericidal cationic peptides.
Infect. Immun. 63: 3054-3061.

Mayfield, J. E., Bricker, B.J., Godfrey, H., Crosby, R.M., Knight, D.J., Halling,
S.M., Balinsky, D. and Tabatabai, L.B. 1988. The cloning, expression, and
nucleotide sequence of a gene coding for an immunogenic Brucella abortus
protein. J. Gene. 63: 1-9.

McQuiston, J.R., Vemulapalli, R., Inzana, T.]., Schurig, G.G., Sriranganathan, N.,
Fritzinger, D., Hadfield, T.L., Warren, R.A., Lindler, L.E., Snellings, N., Hoover,
D., Halling, S.M. and Boyle, S.M. 1999. Genetic characterization of a Tn5-
disrupted glycosyltransferase gene homolog in Brucella abortus and its effect on
lipopolysaccharide composition and virulence. Infect. Immun. 67: 3830-3835.

Medzhitov, R. and Janeway, C.A. Jr. 1997. Innate immunity: impact on the
adaptive immune response. Curr. Opin. Immunol. 9: 4-9.

Meikle, P. J., Perry, M.B., Cherwonogrodzky, J.W. and Bundle, D.R. 1989. Fine
structure of A and M antigens from Brucella biovars. Infect. Immun. 57:2820-
2828.

Meyer, M.E. and Gibbons, R.W. 1978. Results of trial use of H-38 vaccine for
immunizing beef heifers against experimental exposure to Brucella abortus,
strain 2308. In: Proceedings of the 82nd Annual Meeting of US Animal Health
Association. 82: 106—-119.

Minas, A. 2006. Control and eradication of brucellosis in small ruminants. Smal/
Rum Res. 62: 101-107.

Montaraz, J.A. and Winter, A.J. 1986. Comparison of living and non living
vaccines for Brucella abortus in Balb/C mice. Infect. Immun. 53: 245-251.

Montaraz, J.A., Winter, A.]., Hunter, D.M., Sowa, B.A., Wu, A.M. and Adams,

L.G. 1986. Protection against Brucella abortus in mice with O-Polysaccharide
specific monoclonal antibodies. Infect. Immun. 51: 961-963.

141



Moreno, E., Berman, D.T. and Boettcher, L.A. 1981. Biological activities of
Brucella abortus lipopolysaccharides. Infect. Immun. 31: 362-370.

Moriyon, I. and Berman, D.T. 1983. Isolation, purification and partial
characterization of Brucella abortus matrix protein. Infect. Immun. 39: 394-402.

Moriyon, I., Grillo, M.]J., Monreal, D., Gonzalez, D., Marin, C., Lopez-Goni, I.,
Mainar-Jaime, R.C., Moreno, E. and Blasco, J.M. 2004. Rough vaccines in animal
brucellosis: structural and genetic basis and present status. Vet. Res. 35: 1-38.

Munoz-Montesino, C., Andrews, E., Rivers, R., Gonzalez-Smith, A., Moraga-Cid,
G., Folch, H. 2004. Intraspleen delivery of a DNA vaccine coding for superoxide
dismutase (SOD) of Brucella abortus induces SOD-specific CD4+ and CD8+ T
cells. Infect. Immun. 72: 2081-2087.

Munson, R.S., Shenep, J.L. Jr.,, Barenkamp, S.J. and Granoff, D. 1983.
Purification and comparison of outer membrane P2 from Haemophilus influenzae
type b isolates. J. Clin. Invest. 72: 677-684.

Murphy, E. A., Sathiyaseelan, J., Parent, M.A., Zou, B. and Baldwin, C.L. 2001.
Interferon-gamma is crucial for surviving a Brucella abortus infection in both
resistant C57BL/6 and susceptible BALB/c mice. J. Immunol. 103: 511-518.

Musa, M.T., Eisa, M.Z., El Sanousi, E.M., Abdel Wahab, M.B. and Perrett, L. 2008.
Brucellosis in camels (Camelus dromedarius) in Darfur, Western Sudan. J. Comp.
Pathol. 138: 151-155.

Mustafa, A.A. and Abusowa, M. 1993. Field-oriented trial of the Chinese Brucella
suis strain 2 vaccine in sheep and goats in Lybia. Vet. Res. 24: 422-429.

Nicholson, V.M. and Prescott, J.F. 1993. Outer membrane proteins of three
pathogenic Leptospira species. Vet. Microbiol. 36: 123-138.

Nicoletti, P. 1990. Vaccination. In: Nielsen, K., Duncan, J.R. (Eds.), Animal
Brucellosis. CRC Press, Boca Raton, pp. 284-299.

North, R.J. 1974. Cell-mediated immunity and the response to infection. In :
McCluskey, R.T., Cohen, S. (Eds.), Mechanisms in Cell-Mediated immunity. Wiley,
New York, pp. 185-200.

Office International des Epizooties (OIE). 2008. Caprine and Ovine Brucellosis,

Chapter 2.7.2. In: Manual of Diagnostic test and Vaccines for Terrestrial Animals.
Paris: Office International des Epizooties. pp. 101-120.

142



Oliveira, S.C., and Splitter, G.A. 1994. Subcloning and expression of the Brucella
abortus L7/L12 ribosomal gene and T-lymphocyte recognition of the recombinant
protein. Infect. Immun. 62: 5201-5204.

Oliveira, S.C., Zhu, Y. and Splitter, G.A. 1994. Recombinant L7/L12 ribosomal
protein and gamma-irradiated Brucella abortus induce a T-helper 1 subset
response from murine CD4+ T cells. J. Immunol. 83: 659-664.

Oliveira, S.C., Harms, 1.S., Banai, M. and Splitter, G.A. 1996. Recombinant
Brucella abortus proteins that induce proliferation and gamma-interferon
secretion by CD4+ T cells from Brucella-vaccinated mice and delayed-type
hypersensitivity in sensitized guinea pigs. Cell. Immunol. 172: 262-268.

Oliveira, S.C. and Splitter, G.A. 2005. CD8+ type 1 CD44hi CD45 RBlo T
lymphocytes control intracellular Brucella abortus infection as demonstrated in
major histocompatibility complex class I- and class II-deficient mice. Eur. J.
Immunol. 25: 2551-2557.

Oliveira, S.C. and Splitter, G.A. 1996. Immunization of mice with recombinant
L7/L12 ribosomal protein confers protection against Brucella abortus infection. J.
Vacc. 14: 959-962.

Olsen, S.C. 2000. Immune responses and efficacy after administration of a
commercial B. abortus strain RB51 vaccine to cattle. Vet. Ther. 1: 183—-191.

Onate, A. A., Vemulapalli, R., Andrews, E., Schurig, G.G., Boyle, S. and Folch, H.
1999. Vaccination with live Escherichia coli expressing Brucella abortus Cu/Zn
superoxide dismutase protects mice against virulent B. abortus. Infect. Immun.
67: 986-988.

Onate, A.A., Cespedes, S., Cabrera, A., Rivers, R., Gonzalez, A. and Munoz, C.
2003. A DNA vaccine encoding Cu, Zn superoxide dismutase of Brucella abortus
induces protective immunity in BALB/c mice. Infect Immun. 71: 4857-4861.

Osterman, B. and Moriyon, I. 2006. International Committee on Systematics of
Prokaryotes Subcommittee on the taxonomy of Brucella. Int. J. Syst. Evolut.
Microbiol. 56: 1173-1175.

Owen, P. 1991. The Gram-negative outer membrane: structure, biochemistry
and vaccine potential. Biochem. Soc. Trans. 20: 1992.

143



Palmer, M.V,, Olsen, S.C. and Cheville, N.F. 1997. Safety and immunogenicity of
Brucella abortus strain RB51 vaccine in pregnant cattle. Am. J. Vet. Res. 58:
472-477.

Pappas, G., Akritidis, N., Bosilkovski, M., Tsianos, E. 2005. Brucellosis. N. Engl. J.
Med. 352: 2325-2336.

Pappas, G., Papadimitriou, P., Akritidis, N., Christou, L. and Tsianos, E.V. 2006.
The new global map of human brucellosis. Lanc. Infect. Dis. 6: 91-99.

Pavlov, H., Hogarth, M., McKenzie, I.F.C. and Cheers, C. 1982. In vivo and in
vitro effects of monoclonal antibody to Ly antigen on immunity to infection. Ce/l.
Immunol. 71: 127-138.

Pfefferkorn, E.R. 1984. Interferon-y blocks the growth of 7oxoplasma gondii in
human fibroblasts by inducing the host cells to degrade tryptophan. Proc. Natl.
Acad. Sci. USA. 81: 908-912.

Philips, H.J. 1973. Dye Exclusion Tests for Cell Viability Tissue Culture: Methods
and Applications ed. By Kruse, P.F., Jr. and Patterson, M.J., Jr. Academic Press.
406-408.

Phillips, M., Pugh, G.W. and Deyoe, B.L. 1989a. Chemical and protective
properties of Brucella lipopolysaccharide obtained by butanol extraction. Am. J.
Vet. Res. 3: 311-7.

Philips, M., Deyoe, B.L. and Canning, P.C. 1989b. Protection of mice against
Brucella abortus infection by inoculation with monoclonal antibodies recognizing
Brucella O-antigen. Am. J. Vet. Res. 50: 2158-2161.

Philip, R. and Epstein, L.B. 1986. Tumor necrosis factor as immunomodulator and
mediator of monocyte cytotoxicity induced by itself, -y-interferon and interleukin
1. Nature 323: 86-89.

Phillips, R.W., Elzer, P.H. and Roop, RM. II. 1995. A Brucella melitensis high
temperature requirement A (htrA) deletion mutant demonstrates a stress
response defective phenotype in vitro and transient attenuation in the BALB/c
mouse model. Microb. Pathog. 19: 227-284.

Phillips, R.W., Elzer, P.H., Robertson, G.T., Hagius, S.D., Walker, 1.V., Fatemi,
M.B., Enright, F.M. and Roop, R.M. 2nd. 1997. A Brucella melitensis high-
temperature-requirement A (/irA) deletion mutant is attenuated in goats and
protects against abortion. Res. Vet. Sci. 63: 165-167.

144



Plommet, M., Renoux, G., Philppon, A., Lorentz, C. and Gestin, J. 1970.
Brucellose experimentale. I. Comparison del’efficacite des vaccines B19 and H38
vaccine. Ann. Rech. Vet. 1: 189-201.

Plommet, M., Plommet, A.M. and Hue, I. 1985. Immune mechanisms in
brucellosis. 7n J. M. Verger and M. Plommet (ed.), Brucella melitensis. Martinus
Nijhoff, Dordrecht, The Netherlands. pp. 205.

Plommet, M. 1987. Brucellosis and immunity: humoral and cellular components
in mice. Ann. Inst. Pasteur/Microbiol. 138: 105-110.

Plommet, M. 1990. Killed vaccines in cattle: current situation and prospects. In:
Adams, G. (Ed.), Advances in Brucellosis Research. Texas A&M University Press,
pp. 215.

Plommet, M., Diaz, R. and Jean-Michel, V. 1998. Brucellosis. In: Palmer, S.R.,
Soulby, L. and Simpson, D.I.H. Zoonoses. New York: Oxford University Press.
pp.24-35.

Pollard, A.M. and Lipscomb, M.F. 1990. Characterization of murine lung dendritic
cells: Similarities to Langerhans cells and thymic dendritic cells. J. Exp. Med. 172:
159-168.

Pugh, G.W, Jr., Tabatabai, L.B., Bricker, B.]J., Mayfield, J.A., Phillips, M., Zehr,
E.S. and Belzer, C.A. 1990. Immunogenicity of Brucella-extracted and
recombinant protein vaccines in CD-1 and BALB/c mice. Am. J. Vet. Res. 51:
1413-1420.

Rasool, O., Freer, E., Moreno, E. and Jarstrand, C. 1992. Effect of Brucella
abortus lipopolysaccharide on oxidative metabolism and lysozyme release by
human neutrophils. Infect. Immun. 60: 1699-1702.

Renoux, G., Nicholas, J.A., Imbert, R. and Quechon, M. 1964. Calf vaccination
against Brucella abortus. comparison of four vaccines. Bull. Acad. Vet. Fr.
Abstract 4381 in Vet. Bull. 37: 139.

Riley, L.K. and Robertson, D.C. 1984. Brucellacidal activity of human and bovine
polymorphonuclear leukocyte granule extracts against smooth and rough strains
of Brucella abortus. Infect. Immun. 46: 231-236.

Robertson, G.T., Elzer, P.H. and Roop, R.M. 2nd. 1996. In vitro and in vivo
phenotypes resulting from deletion of the high temperature requirement A (htrA)
gene from the bovine vaccine strain Brucella abortus S19. Vet. Microbiol. 49:
197-207.

145



Robertson, M. 1998. Innate immunity. Curr. Biol. 8: R595- R597.
Robinson, H.L. 1997. Nucleic acid vaccines: an overview. Vaccine 15: 785-787.

Roop, R.M,, Price, M.L., Dunn, B.E., Boyle, S.M., Sriranganathan, N. and Schurig,
G.G. 1992. Molecular cloning and nucleotide sequence analysis of the gene
encoding the immunoreactive Brucella abortus Hsp60 protein, BA60K. Microb.
Pathog. 12: 47-62.

Roop, R.M., Bellaire, B.H., Valderas, M.W. and Cardelli, J.A. 2004. Adaptation of
the Brucellae to their intracellular niche. J. Mol. Microbiol. 52 (3): 621-630.

Roitt, I.M., Delves, P.]J., Martin, S.J. and Burton, D.R. 2006. Roitt's Essential
Immunology. 11" edd. Blackwell publishing, Inc. Massachusetts. USA. pp. 55-
60.

Rosinha, G.S., Myioshi, A., Azevedo, V., Splitter, G.A. and Oliveira, S.C. 2002.
Molecular and immunological characterization of recombinant Brucella abortus
glyceraldehyde-3-dehydrogenase, a T- and B-cell reactive protein that induces
partial protection when co-administered with an interleukin-12-expressing
plasmid in a DNA vaccine formulation. J. Med. Microbiol. 51: 1-11.

Rossetti, O.L., Arese, A.L., Boschiroli, M.L. and Cravero, S.L. 1996. Cloning of
Brucella abortus gene and characterization of expressed 26-kilodalton
periplasmic protein: potential use for diagnosis. J. Clin. Microbiol. 34: 165-169.

Rush, C., Mitchell, T. and Garside, P. 2002. Efficient priming of CD4+ and CD8+
T cells by DNA vaccination depends on appropriate targeting of sufficient levels
of immunologically relevant antigen to appropriate processing pathways. J.
Immunol. 169: 4951-4960.

Sabri, M.Y. 1999. Immunology of the outer membrane proteins of Pasteurella
haemolytica A2, A7 and A9 in sheep. Master of Science Thesis, Faculty of
Veterinary Medicine, Universiti Putra Malaysia. pp. 77-80.

Sangari, F.J. and Aguero, J. 1996. Molecular basis of Brucella pathogenicity: an
update. J. Microbiol. 12: 207-218.

Santos, J.M., Verstreate, D.R., Perera, V.Y. and Winter, A.J. 1984. Outer

membrane proteins from rough strains of four Brucella species. Infect. Immun.
46: 188-194.

146



Schurig, G.G., Roop II, R.M., Bagchi, T., Boyle, S., Buhrman, D. and
Sriranganathan, N. 1991. Biological properties of RB51; a stable rough strain of
Brucella abortus. Vet. Microbiol. 28: 171-188.

Schurig, G.G., Sriranganathan, N. and Corbel, M.]. 2002. Brucellosis vaccines:
past, present, and future. Vet. Microb. 90: 479-496.

Scott, D.E., Golding, H., Huang, L.Y., Inman, J. and Golding, B. 1998. HIV
peptide conjugated to heat-killed bacteria promotes antiviral responses in
immunodeficient mice, AIDS Res. Hum. Retroviruses 14: 1263—1269.

Sherman, D., Cockerill, F., Soni, R. and Bruton, J. 1991. Outer membranes are
competitive inhibitors of Escherichia coli 0157: H7 adherence to epithelial cells.
Infect. Immun. 59: 890-899.

Shumilov, K.V., Kasyanov, A.N., Romakhov, V.A., Alberyan, M.P., Klochkov, A.A.,
Akulov, A.V., Kosilov, I.A. and Novitskii, A.A. 1984. Properties of vaccine strain
104-M of Brucella abortus. Trudy Vses. Inst. Eksp. Vet. Abstract 5815 in Vet
Bull. 61: 10.

Singh, M. and O’Hagan, D. 1999. Advances in vaccine adjuvants. Nat. Biotechnol.
17: 1075-1081.

Sowa, B.A, Kelly, K.A, Ficht, T.A, Frey, M. and Adams, L.G. 1991. SDS-soluble
and peptidoglycan-bound proteins in the outer membrane peptidoglycan complex
of Brucella abortus. Vet. Microbiol. 27: 351-369.

Splitter, G.A, Oliveira, S., Carey, M., Miller, C., Ko, J. and Covert, J. 1996. T
lymphocyte mediated protection against facultative intracellular bacteria. Vet.
Immunol. Immunopathol. 54: 309-319.

Stabel, T.J., Mayfield, J.E., Tabatabai, L.B. and Wannemuehler, M.J. 1990. Oral
immunization of mice with attenuated Salmonella typhimurium containing a
recombinant plasmid which codes for production of a 31-kilodalton protein of
Brucella abortus. Infect. Immun. 58: 2048-2055.

Stabel, T.J., Mayfield, J.E., Tabatabai, L.B. and Wannemuehler, M.J. 1991. Swine
immunity to an attenuated Salmonella typhimurium mutant containing a
recombinant plasmid which codes for production of a 31-kilodalton protein of
Brucella abortus. Infect. Immun. 59: 2941-2947.

Studier, F.W., Rosenburg, A. H., Dunn, J. J. and Dubendorff, J. W. 1990. Use of

T7 RNA polymerase to direct expression of cloned genes. Methods. Enzymol.
185: 60-89.

147



Studier, F.W. 1991. Use of bacteriophage T7 lysozyme to improve an inducible
T7 expression system. J. Mol. Biol. 219: 37-44.

Tabatabai, L.B. and Pugh, Jr., G.W. 1994. Modulation of immune responses in
Balb/c mice vaccinated with Brucella abortus Cu—Zn superoxide dismutase
synthetic peptide vaccine. Vaccine 12: 919- 924.

Tibor, A., Saman, E., de Wergifosse, P., Cloeckaert, A., Limet, J.N. and Letesson,
J.J. 1996. Molecular characterization, occurrence, and immunogenicity in infected
sheep and cattle of two minor outer membrane proteins of Brucella abortus.
Infect. Immun. 64: 100-107.

Tikare, N.V., Mantur, B.G. and Bidari, L.H. 2008. Brucella meningitis in an infant
— evidence for human breast milk transmission. J. 7rop. Ped. 54(4): 272-274.

Trinchieri, G. 1997. Cytokines acting on or secreted by macrophages during
intracellular infection (IL-10, IL-12, IFN). Curr. Opin. Microbiol. 9: 17-23.

Trujillo, 1.Z., Zavala, A.N., Caceres, J.G. and Miranda, C.Q. 1994. Brucellosis
infection. Infect. Dis. Clin. North Am. 8: 225-241.

Tumurkhuu, G., Koide, N., Takahashi, K., Hassan, F., Islam, S., Ito, H., Mori, 1.,
Yoshida, T. and Yokochi, T. 2006. Characterization of biological activities of
Brucella melitensis lipopolysaccharide. Microbiol. Immunol. 50: 421-427.

Underhill, D.M., Ozinsky, A.H., Adeline, M., Stevens, A., Wilson, C.B., Basetti, M.
and Aderem, A. 1999. The Toll-like receptor 2 is recruited to macrophage
phagosomes and discriminates between pathogens. Nature 401: 811-815.

Vandercam, B., Zech, F., de Cooman, S., Bughin, C., Gigi, J. and Wauters, G.
1990. Isolation of Brucella melitensis from human sperm. J. Clin. Microbiol.
Infect. Dis. 9(4): 303-304.

Vassallo, D.J. 1992. The corps disease: Brucellosis and its historical association
with the Royal Army Medical Corps. J. R. Army Corps. 138: 148-150.

Velikovsky, C.A., Cassataro, J., Giambartolomei, G.H., Goldbaum, F.A., Estein, S.,
Bowden, R.A., Bruno, L., Fossati, C.A. and Spitz, M. 2002. A DNA vaccine
encoding lumazine synthase from Brucella abortus induces protective immunity
in BALB/c mice. Infect. Immun. 70: 2507-2511.

Velikovsky, C.A., Goldbaum, F.A., Cassataro, J., Estein, S., Bowden, R.A., Bruno,
L., Fossati, C.A. and Giambartolomei, G.H. 2003. Brucella lumazine synthase

148



elicits a mixed Th1l-Th2 immune response and reduces infection in mice
challenged with Brucella abortus 544 independently of the adjuvant formulation
used. Infect. Immun. 71: 5750-5755.

Vemulapalli, R., Cravero, S., Calvert, C.L., Toth, T.E., Sriranganathan, N., Boyle,
S.M., Rossetti, O.L. and Schurig, G.G. 2000a. Characterization of specific immune
responses of mice inoculated with recombinant vaccinia virus expressing an 18-
kilodalton outer membrane protein of Brucella abortus. Clin. Diagn. Lab.
Immunol. 7: 114-118.

Vemulapalli, R., He, Y., Cravero, S., Sriranganathan, N., Boyle, S.M. and Schurig.
G.G. 2000b. Over-expression of protective antigen as a novel approach to
enhance vaccine efficacy of Brucella abortus strain RB51. Infect Immun. 68:
3286-3289.

Vemulapalli, R., He, Y., Buccolo, L.S., Boyle, S.M., Sriranganathan, N. and
Schurig, G. 2000c. Complementation of Brucella abortus RB51 with a functional
wboA gene results in O-antigen synthesis and enhanced vaccine efficacy but no
change in rough phenotype and attenuation. Znfect. Immun. 68: 3927-3932.

Verger, J.M., Grayon, M., Zundel, E., Lechopier, P. And Olivier-Bernardin, V.
1995. Comparison of the efficacy of Brucella suis strain 2 and Brucella melitensis
Rev.1 live vaccines against a Brucella melitensis experimental infection in
pregnant ewes. Vaccine 13: 191-196.

Verstreate, D.R., Creasy, M.T., Caveney. N.T., Baldwin. CL., Blab, M.W. and
Winter, A. 1982. Outer membrane proteins of Brucella obortus: isolation and
characterization. Infect. Immun. 35: 979-989.

Villarroel, M., Grell, M., Saenz, R. 2000. Isolation and identification of Brucella
abortus RB 51 in human: first report in Chile. Arch. Med. Vet. 32(1): 89-91.

Virji, M., Zak, K. and Heckels, J.E. 1986. Monoclonal antibodies to gonococcal
outer membrane protein IB: use in investigation of the potential protective effect
of antibodies directed against conserved and type-specific epitopes. J. Gen.
Microbiol. 132: 1621-1629.

Vizcaino, N., Cloeckaert, A., Zygmunt, M.S. and Dubray, G. 1996. Cloning,
nucleotide sequence, and expression of the Brucella melitensis omp31 gene
coding for an immunogenic major outer membrane protein. Infect. Immun. 64:
3744-3751.

149



Weiser, J.N. and Gotschlich, E.C. 1991. Outer membrane protein A (OmpA)
contributes to serum resistance and pathogenicity of Escherichia coli K-1. Infect.
Immun. 59: 2252-2258.

Winter, A.]., Verstreate, D.R., Hall, C.E., Jacobson, R.H., Castleman, W.L.,
Meredith, M.P. and McLaughlin, C.A. 1983. Immune response to porin in cattle
immunized with whole cell, outer membrane, and outer membrane protein
antigens of Brucella abortus combined with trehalose dimycolate and muramyl
dipeptide adjuvants. Infect. Immun. 42: 1159-1167.

Winter, A.J. 1987. Brucella and Brucellosis: an update. Ann. Microbiol. (Paris).
138: 135-137.

Winter, A.J., Rowe, G.E., Duncan, J.R., Eis, M.J., Widom, J., Ganem, B. and
Morein, B. 1988. Effectiveness of natural and synthetic complexes of porin and
polysaccharide as vaccines against Brucella abortus in mice. Infect. Immun. 56:
2808-2817.

Winter, A.J., Duncan, J.R., Santisteban, C.G., Douglas, J.T. and Adams, L.G.
1989. Capacity of passively administered antibody to prevent establishment of
Brucella abortus infection in mice. Infect. Immun. 57: 3438-3444.

Winter, A.J., Schurig, G.G., Boyle, S.M., Sriranganathan, N., Bevins, 1.S. and
Enright, F.M. 1996. Protection of Balb/c mice against homologous and
heterologous species of Brucella by rough strain vaccines derived from Brucella
melitensis and Brucella suis biovar 4. Am. J. Vet. Res. 57: 677—-683.

Woolcock, J.B. 1979. In: Bacterial Infection and Immunity in Domestic Animals.
Elsevier Scientific Publishing Co., New York, NY, pp35-38, 57-58.

Xin, X. 1986. Orally administrable brucellosis vaccine: Brucella suis S2 vaccine.
Vaccine 4: 212-216.

Yang, X., Hudson, M., Walters, N., Bargatze, R.F. and Pascual, D.W. 2005.
Selection of protective epitopes for Brucella melitensis using DNA vaccination.
Infect, Immun. 73: 7297-7303.

Yip, H.C., Karulin, AY., Tary-Lehmann, M., Hesse, M.D., Radeke, H., Heeger,
P.S., Trezza, R.P., Heinzel, F.P., Forsthuber, T. and Lehmann, P.V. 1999.
Adjuvant-guided type-1 and type-2 immunity: infectious/noninfectious dichotomy
defines the class of response. J. Immunol. 162: 3942—-3949.

150



Young, E.J., Borchert, M., Kretzer, F.L. and Musher, D.M. 1985. Phagocytosis and
killing of Brucella by human polymorphonuclear leukocytes. J. Infect. Dis. 151:
682—-690.

Zhan, Y., Stanley, E.R. and Cheers, C. 1991. Prophylaxis or treatment of
experimental brucellosis with interleukin-1. Infect Immun. 59: 1790-1794.

Zhan, Y. and Cheers, C. 1993. Endogenous gamma interferon mediates
resistance to Brucella abortus infection. Infect. Immun. 61: 4899-4901.

Zhan, Y., Chang, J. and Cheers, C. 1993. Cytokine response of, T-cell subsets
from Brucella abortus infected mice to soluble Brucella proteins. Infect. Immun.
61: 2841-2847.

Zhan, Y. and Cheers, C. 1995. Endogenous interleukin-12 is involved in
resistance to Brucella abortus infection. Infect. Immun. 63: 1387-1390.

Zhan, Y., Liu, Z. and Cheers, C. 1996. Tumor necrosis factor alpha and
interleukin-12 contribute to resistance to the intracellular bacterium Brucella
abortus by different mechanisms. Infect. Immun. 64: 2782-2786.

Zhan, Y. and Cheers, C. 1998. Control of IL-12 and IFN-y production in response
to live or dead bacteria by TNF and other factors. J. Immunol. 161: 1447-1453.

Zollinger, W.D., Mandrell, R.E., Griffiss, J.E., Altieri, P. and Berman, S. 1979.
Complex of meningococcal group B polysaccharide and type 2 outer membrane
protein immunogenic in man. J. Clin. Invest. 63: 836-848.

Zundel, E., Verger, J.M., Grayon, M. and Michel, R. 1992. Conjunctival
vaccination of pregnant ewes and goats with Brucella melitensis Rev.1 vaccine:
safety and serological responses. Ann. Rech. Vet. 23: 177—-188.

Zygmunt, M. S., Debbarh, H.S., Cloeckaert, A. and Dubray, G. 1994. Antibody
response to Brucella melitensis outer membrane antigens in naturally infected
and Rev-1 vaccinated sheep. Vet. Microbiol. 39: 33—46.

Zygmunt, M.S., Hagius, S.D., Walker, J.V. and Elzer, P.H. 2006 . Identification of

Brucella melitensis 16M genes required for bacterial survival in the caprine host.
Microbs. Infect. 8(14-15): 2849-2954.

151





