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Brucella melitensis is the main etiological agent of caprine brucellosis. The common
serological tests for diagnosis of brucellosis include: Rose Bengal plate test (RBPT),
complement fixation test (CFT) and enzyme linked immunosorbent assay (ELISA).
These tests usually detect antibodies against smooth lipopolysaccharide (LPS).
Therefore, they may give false positive serological reactions (FPSR) due to vaccination
with B. melitensis Rev.l vaccine strain or natural infection by a number of Gram
negative bacteria, mainly Yersinia enterocolitica O:9. The insufficiency of the current
serological tests to differentiate the goats with FPSR leads to erroneous decision to cull
them and resulting in unnecessary loss of animals. The results of previous researches
using single recombinant outer membrane protein (rOMP) of Brucella, such as OMP28
or OMP31 showed lack of sensitivity. Therefore, combination of more than one rOMP

might improve the sensitivity of the diagnostic test. Accordingly, this study was



conducted to develop and evaluate in-house rOMPs I-ELISA based on combination of
rOMP25, rOMP28 and rOMP31 to differentiate FPSR using mouse model and goats as

the natural host of B. melitensis.

The whole cell protein profiles of six B. melitensis field isolates were characterized
using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The results revealed overall similarities among these isolates. Therefore, only the goats
isolates studied for their OMPs antigenicity by immunoblotting using rabbit serum
raised against B. melitensis strain 0331 field isolate. The results confirmed the presence

of OMP25, OMP28, and OMP31 as immunogenic protein candidates.

Accordingly, the omp25, omp28 and omp31 genes of B. melitensis strain 0331 field
isolate were amplified by PCR and cloned using pET-32 EK/LIC prokaryotic system.
The nucleotide sequences of these three genes were successfully submitted to the
GenBank. The expression of the omp25, omp28, and omp31 genes were studied in
E. coli BL21(DE3). The purified expressed recombinant fusion proteins were analyzed
by Western immunoblotting and the results revealed that rOMP25, rOMP28 and
rOMP31 fusion proteins were immunogenic and in properly folded form, suggesting

their usefulness as antigenic candidates for serological diagnosis of brucellosis.

The rOMP25, rOMP28 and rOMP31 were combined and named as rOMPs and used to
develop in-house rOMPs I-ELISA which was evaluated using serum samples obtained

from three groups of BALB/C mice. Group 1 was infected with B. melitensis strain 0331



field isolate, while group 2 and 3 were vaccinated with B. melitensis Rev.1 vaccine
strain, and infected with Y. enterocolitica O:9 respectively. Using RBPT, no significant
differences were found in the immune response among the three groups. On the other
hand, the in-house rOMPs I-ELISA was able to differentiate the group 1 from FPSR due
to either vaccination by B. melitensis Rev. 1 vaccine strain (group 2) or infection by

Y. enterocolitica O:9. (group3).

The in-house rOMPs I-ELISA was further evaluated using serum samples from four
groups. The groups comprised: naturally infected goats with B. melitensis, goats free
from Brucella infection, goats vaccinated with B. melitensis Rev. 1 vaccine strain and
random field samples from goats with unknown Brucella status. All the sera were tested
using the in-house rOMPs I-ELISA, RBPT, BRUCELISA-400SG and CFT. When
samples from vaccinated goats were tested, RBPT, BRUCELISA-400SG and CFT
categorized these samples as positive. This implies that the common serological tests
were not able to differentiate truly infected animals from those vaccinated, while the
in-house rOMPs I-ELISA developed was able to differentiate between the vaccinated

and infected goats with 94.44% sensitivity and 84.62% specificity.

In conclusion, the newly developed in-house rOMPs I-ELISA was able to differentiate
vaccinated goats as a cause of FPSR, which indicate that this test has the potential
diagnostic abilities over the commonly used tests; hence it can support the diagnosis of
caprine brucellosis and potentially save animals from being erroneously culled in testing

and culling serosurveillance efforts.
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Brucella melitensis adalah agen etiologi utama penyakit bruselosis pada kaprin. Ujian
serologi sepunya untuk diagnosis bruselosis adalah termasuk: ujian plat Rose Bengal
(RBPT), ujian pengikatan komplemen (CFT) dan assai imunoerap terangkai enzim
(ELISA). Ujian tersebut diatas biasanya mengesan antibodi terhadap lipopolisakarida
(LPS) licin. Oleh itu, ujian tersebut bolen memberi tindakbalas serologi positif palsu
(FPSR) yang disebabkan oleh pemvaksinan dengan vaksin B. melitensis Rev.l atau
jangkitan semulajadi oleh beberapa bakteria Gram-negatif, terutamanya Yersinia
enterocolitica 0:9. Kekurangan ujian serologi yang dapat membezakan diantara
kambing yang benar-benar dijangkiti dan FPSR menyebabkan keputusan yang salah
dibuat dalam proses penakaian dan seterusnya mengakibatkan kerugian kerana menakai

haiwan yang tidak berpenyakit. Keputusan kajian terdahulu yang menggunakan protein



rekombinan membran luar (rOMP) tunggal daripada Brucella, seperti OMP28 atau
OMP31 menunjukkan sensitiviti yang kurang. Oleh sebab itu, gabungan lebih daripada
satu rOMP mungkin dapat meningkatkan kepekaan ujian. Oleh itu, kajian ini dijalankan
untuk membangunkan rOMPs I-ELISA berdasarkan gabungan rOMP25, rOMP28 dan
rOMP31; dan seterusnya menilai keupayaannya untuk membezakan FPSR

menggunakan model tikus dan kambing iaitu perumah semulajadi bagi B. melitensis

Pencirian profil protein seluruh sel meliputi enam isolat B. melitensis telah dilakukan
menggunakan natrium sulfat dodecyl gel elektroforesis (SDS-PAGE). Pada
keseluruhannya, keputusan menunjukkan persamaan dikalangan isolat tersebut. Oleh itu,
hanya isolat dari kambing dipilih untuk dikaji keantigenan OMP melalui kaedah
imunoblot menggunakan serum arnab yang dibangkitkan keimunannya terhadap isolat
B. melitensis 0331. Keputusan imunoblot mengesahkan kehadiran OMP25, OMP28,

dan OMP31 sebagai calon protein imunogenik.

Sehubungan dengan itu, gen omp25, omp28 dan omp31 B. melitensis isolat 0331 telah
dia mplifikasi oleh PCR dan diklon menggunakan sistem prokariot PET-32 Ek/LIC.
Jujukan nukleotida bagi ketiga-tiga gen telah berjaya dihantar ke GenBank. Ekspresi
gen-gen omp25 itu, omp28, dan omp3l seterusnya telah dikaji dalam E. coli
BL21(DE3). Ekspresi gabungan protein rekombinan tulin telah dianalisis dengan
menggunakan kaedah pemblotan Western dan keputusan menunjukkan bahawa gabungan
protein rOMP25, rOMP28 dan rOMP31 adalah imunogenik serta dalam bentuk dilipat
yang betul, menunjukkan kegunaannya sebagai calon antigen untuk kaedah serologi
mengdiagnosis bruselosis.
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rOMP25, rOMP28 dan rOMP31 telah digabungkan dan dinamakan sebagai rOMPs; dan
seterusnya digunakan dalam kajian ini untuk membangunkan rOMPs I-ELISA. rOMPs
I-ELISA yang dibangunkan telah dinilai menggunakan sampel serum yang diperolehi
daripada tiga kumpulan tikus BALB/C. Kumpulan 1 telah diinokulasi dengan
B. melitensis isolat 0331, manakala kumpulan 2 dan 3 masing-masing telah
diinokulasi dengan vaksin B. melitensis Rev. 1 dan Y. enterocolitica O:9. Ujian RBPT
menunjukkan tiada perbezaan yang signifikan didapati dalam tindakbalas imun antara
ketiga-tiga kumpulan. Sebaliknya, rOMPs I-ELISA yang dibangunkan dalam kajian ini
telah dapat membezakan kumpulan 1 daripada kumpulan 2 dan 3 dimana tindakbalas
serologi positif palsu (FPSR) disebabkan oleh sama ada vaksinasi dengan B. melitensis

Rev 1 vaksin atau jangkitan oleh Y. enterocolitica O: 9.

rOMPs I-ELISA yang dibangunkan dalam kajian ini telah dinilai keupayaannya
menggunakan empat kumpulan sampel serum. Kumpulan serum tersebut adalah:
kambing yang dijangkiti B. melitensis secara semula jadi, kambing bebas daripada
jangkitan Brucella, kambing disuntik dengan vaksin B. melitensis Rev. 1 dan sampel
rawak daripada kambing yang tidak diketahui statusnya. Semua serum telah diuji
dengan rOMPs I-ELISA, RBPT, BRUCELISA-400SG and CFT. Apabila sampel serum
dari kambing yang telah divaksinasi dengan vaksin B. melitensis Rev. 1 diuji
menggunakan teknik RBPT, BRUCELISA-400SG dan CFT, didapati semua sampel
adalah positif. Ini bermakna ketiga-tiga ujian serologi tersebut tidak dapat membezakan
haiwan yang benar-benar dijangkiti B. melitensis daripada haiwan yang telah vaksinasi.

Manakala rOMPs I-ELISA yang dibangunkan dalam kajian dapat membezakan antara
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kambing yang divaksini dan kambing yang dijangkiti B. melitensis dengan 94.44%

kepekaan dan 84,62% kekhususan.

Kesimpulannya, rOMPs [-ELISA yang baru dibangunkan dalam kajian ini dapat
membezakan diantara kambing yang divaksini daripada yang dijangkiti oleh
B. melitensis. Ini menunjukkan bahawa kaedah ujian serologi yang baru dibangunkan
berkebolehan mengatasi masalah FPSR yang berlaku apabila menggunakan berbagai
teknik ujian serologi yang sediada seperti RBPT, BRUCELISA-400SG dan CFT.
Teknik ujian ini adalah amat berpotensi untuk digunakan sebagai teknik mengdiagnosis
penyakit bruselosis pada kambing untuk menggantikan kaedah serologi yang sediada.
Akhirnya, teknik serologi yang dibangunkan dalam kajian ini dapat menyelamatkan

kambing yang tidak berpenyakit daripada ditakai.
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CHAPTER 1

INTRODUCTION

Brucellosis is one of the most important bacterial zoonoses worldwide. The disease has
important economic and public health consequences (Franco et al., 2007). Brucella
melitensis is the main etiological agent of caprine brucellosis. It is also the main agent
responsible for human brucellosis, known as Malta fever (Blasco and Molina-Flores,
2011). The presence of brucellosis in Malaysia was first confirmed since isolation of
B. abortus from large ruminants in 1950. In small ruminants, brucellosis was first
reported in sheep between 1987 and 1991 using serological methods, followed by
isolation of B. melitensis biotype 2 from sheep in an outbreak in Johor, a southern state
of Malaysia, in 1994 (Bahaman et al., 2007). In goats, B. melitensis biovar 1 was
isolated from serological positive animals in Kedah, a northern state of Malaysia
(AL-Garadi et al., 2011). In addition, a serological study on prevalence of brucellosis in
goats in Negeri Sembilan, central region of Malaysia, in 2012 reported that 2.5%
seropositivity among the tested goats (Sumayah, 2012). The serological prevalence and
isolation of the causative agent suggested that brucellosis has potential major economic
losses and public health impact to the country. At present, the disease appeared to have

spread throughout the country (Sumayah, 2012).

The six classical species of the genus Brucella include B. abortus, B. melitensis, B. suis
B. neotomae, which have smooth lipopolysaccharide (S-LPS), while B. ovis and B. canis

have rough lipopolysaccharide (R-LPS) (Moreno et al., 2002; Banai and Corbel, 2010).



The S-LPS is the major antigen of cell surface of all smooth Brucella species (Douglas
and Palmer, 1988). Therefore, common serological tests like Rose Bengal plate test
(RBPT), complement fixation test (CFT) and enzyme linked immunosorbent assay
(ELISA) usually detect antibodies against S-LPS of Brucella (Poester et al., 2010).
As no differences have been found in antibody response, targeting S-LPS, between
B. melitensis field strains and those from B. melitensis Rev.1 vaccine strain, this creates
a major problem that vaccinated animals cannot be clearly differentiated from infected
animals by the current serological tests and thus, giving rise to false positive serological
reactions (FPSR) (OIE, 2009b; Nielsen and Yu, 2010). Another factor contributes to
FPSR is the natural infection by a number of Gram negative bacteria, mainly,
Yersinia enterocolitica O:9, Salmonella spp. and Escherichia coli O:157 which induce
cross reacting antibodies (Weynants et al., 1996; Velasco et al., 1998). The insufficiency
of the common serological test to differentiate the infected goats with FPSR leads to
erroneous decision to cull these animals which resulted in unnecessary loss of animals,
in addition to indirect costs of culling process especially in areas with low prevalence

rates.

To overcome the disadvantages of the tests based on anti-LPS antibodies and reduce
FPSR, an increasing interest was generated in the detection of antibodies to alternative
antigens, mainly the outer membrane proteins (OMPs) and cytoplasmic proteins
(Cloeckaert et al., 1990; Baldi et al., 1996). Interest in the Brucella OMPs stems initially
from their potential as protective antigens (Cloeckaert et al., 2002). The outer membrane

of Brucella is mainly composed of major OMPs and among them, group 3 major OMPs



of Brucella, which consist of OMP25-27 kDa and OMP31-34 kDa, have been shown
immunogenic reactivity using of monoclonal antibodies (Bowden et al., 1995).
Furthermore, this group of proteins and proteins below 20 kDa were only detected in
sera of infected sheep, which indicates that these OMPs could be useful to differentiate
B. melitensis infection from B. melitensis Rev. 1 vaccination in sheep and goats (Gupta
et al., 2007b). Although several single omp genes have been cloned and their expressed
proteins were tested in immunoenzymatic assays for serodiagnosis of brucellosis in
animals like OMP25 (Cloeckaert et al., 1996c), OMP28 (Chaudhuri et al., 2010) and
OMP31 (Gupta et al., 2007b), these proteins generally lack the sensitivity to detect the
antibodies against the desired OMP. It seems likely that for maximum sensitivity,
several of these proteins would have to be combined in a single immunoenzymatic test

(Letesson et al., 1997).

In situations where bacteriological examination and molecular methods are not practical
such as when testing large numbers of samples, serological methods for the indirect
diagnosis of brucellosis is more practical. Enzyme linked immunosorbent assay (ELISA)
is considered an important serological procedure for the diagnosis of animal brucellosis
(Garin-Bastuji et al., 2006; OIE, 2009a, 2009b). Furthermore, ELISA provide excellent
sensitivity and specificity whilst being robust, not complicated to run and have minimum

requirements of equipments and reagents standardization (Nielsen et al., 2005b).



Based on the above mentioned confirmations, our hypotheses were set based on,
characterization of OMPs of B. melitensis field isolates could reveal the immunogenic
properties of these proteins which may be useful as diagnostic antigen candidates for
production of recombinant OMPs (rOMPs). Finally, the combination of these rOMPs
might improve the sensitivity of the developed in-house rOMPs I-ELISA and reduce the

number the FPSR goats in serological diagnosis of caprine brucellosis.

Therefore, objectives of this study were to:

1. Determine the antigenicity of OMP25, OMP28 and OMP31.

2. Express omp25, omp28 and omp31 genes using prokaryotic expression system.

3. Develop in-house rOMPs I-ELISA and evaluate its diagnostic performance in mouse
model.

4. Evaluate the diagnostic performance of in-house rOMPs I-ELISA using goats serum

samples.
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