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Abstract:

Brucellosis is one of the five common bacterial zoonoses in the world caused by
organisms belonging to the genus Brucella. Immune recognition of bacterial
infection may contribute to cytokine, as well as antibody production that are
characteristic of innate and adaptive responses. In this study, the presence of
attenuated live Brucella melitenses Revl bacteria or its DNA induced the immune
system to produce IFN-y and anti-ds DNA antibody. In respect to IFN-y released,
the B. melitensis Rev 1 attenuated live vaccine was able to stimulate the immune
system more than the DNA (P<0.05). Such finding could be attributed to the whole
attenuated bacteria that have immunogenic factors other than the DNA like cell wall
component and outer membrane. On the other hand, the B. meliensis Rev 1 DNA
activated the B cell to secret anti-ds DNA antibodies significantly higher (P< 0.05)
than live attenuated vaccine, and the level of antibodies was increased to parallel the
concentration increases of injected DNA.
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Introduction:

Brucellosis is a zoonotic disease that is caused by Brucella species with more than 500,000 new
cases reported annually. Four species; Brucella melitensis, Brucella abortus, Brucella suis and
Brucella canis are currently known to be pathogenic to humans. In animals, brucellosis can have a
huge economic impact, since infection can lead to abortions, stillbirths, and loss of fertility in livestock
[1]. Brucella spp. are Gram-negative coccobacilli, aerobic, urease positive, non-motile bacteria, which
cause brucellosis in humans and in a variety of animal species [2]. Brucellosis in humans is a
debilitating disease characterized by fever, sweats, and aches. In approximately 5% of cases it can be
fatal when complications, usually endocarditis arise. The illness can last a number of weeks, and even
with antibiotic treatment, relapses can occur [3].

Brucellosis is common in developing countries and areas without effective animal disease control
policies. In these countries, the microorganisms are usually transmitted through ingestion, inhalation,
or direct skin contact. Unpasteurized milk is a common source of infection, as is inhalation from
carcasses among abattoir workers [4]. The Middle East has traditionally been considered as an
endemic area. Data were recently made available for the incidence of human brucellosis in Iraq,
underlining the huge endemicity of the disease in this region, despite ongoing attempts to control both
animal and human disease [5]. Iraq is one of the countries with an annual incidence of 8-50 cases/10°
population [6]. There are several live attenuated vaccines licensed for use in animals. Of these, the
most widely used are B. melitensis Rev.1land B. abortus S19 or RB51. These vaccines are unsuitable
for use in humans since they are insufficiently attenuated and still cause disease [7].

Brucella melitensis Rev 1 is a vaccine effective against the brucellosis of sheep and goat caused by
B. melitensis; the commonest source of human infection. However, Rev 1 carries a smooth
lipopolysaccharide with an O-polysaccharide that elicits antibodies response in vaccinated animal [8].
This study aimed to compare between the effectiveness of B. melitensis Rev.1 a live attenuated
Vaccine and Brucella melitensis Rev.1 DNA in inducing the immune system to produce IFN-y and
Anti-ds DNA antibodies.

Materials and methods:

Aborvac-R Lamb™ Brucella melitensis Rev.1 a live attenuated Vaccine from Vetal company
(Turkey) was used in this study. Freeze-dried vaccine was diluted with vaccine diluents according to
the manufacturer instructions with concentration of 1-3 x 10° bacteria/ml.

DNA Extraction:

Brucella melitensis Rev.1 DNA were extracted and purified from Aborvac-R Lamb B. melitensis
Rev.1 vaccines using a Wizard genomic DNA purification kit (Promega Corporation) according to the
manufacturer instructions. The quantity and quality of DNA were determined by evaluation of the
ratio at OD ,gp t0 OD ,40. The DNA concentration also was determined by reading the OD at 260 nm
[9].

Laboratory animals:

Swiss white male rats aged 6-8 weeks were the laboratory animals in this work. They had free access

to water and food. The animals were randomly distributed into three groups; A, B, and C.

Injection protocol:

Group A injected with 0.1 ml of two different concentrations (four rats for each concentration) of B.
melitencesis Rev.1 attenuated vaccine; 0.05 x 10° bacteria/ml and 0.1 x 10° bacteria/ml designated as
groups Al and A2, respectively. In regard to group B, B. melitencesis Rev.1 DNA was dissolved in
Tris-EDTA buffer at two different concentrations; 9.13pug/ml and 45.6ug/ml. Each concentration was
injected subcutaneously in four rats; hence each subgroup was labeled as B1 and B2, respectively.
Group C was injected with 0.1 ml of TE buffer; therefore it was considered as control group.
Thereafter, sera were collected from all animal groups after one day and 14 days of injection.

Rat IFN-y and Anti-ds DNA antibodies level estimation:

Rat sera were tested for the concentration of anti-ds DNA Abs and IFN-y following the manufacturer
instructions of ElAab Rat Anti-ds DNA (China) and Rat IFN-y immunoassy kits (R&D system, UK),
respectively. These immunoassay kits allow in vitro quantitative determination of rat anti-ds DNA Ab
concentrations and IFN-y concentrations in serum. Each assay was performed in duplicate.
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Statistical analysis:

Data are presented as mean * standard deviation. T- Test was employed for data analysis using
Microsoft EXCELL 2007 application. Differences were considered significant when P< 0.05.
Results and discussion

In this study, the attenuated live bacterial vaccine and its DNA stimulated rat immune system to
produce IFN-y in serum table 1 and anti-ds DNA antibodies table 2.

Table 1-1FN-y concentrations in rats group after injected with Brucella melitensis Rev.1 live attenuated Vaccine
and Brucella melitensis Rev.1DNA.

s | M |
Group A1 flected with 0.05x10° 32.92+ 5.64 482+ 55.86 P=0.0036
Group A2 Injected with 0.1x10° 4131 1117 732.33+ 144.53 P=0.01
Group Blg;{fgﬁfﬁ vamalspg/ mi 397,98+ 85.2 474.88+ 37.39 P=0.181
Groﬂg B2 t')';{:etgtr‘:gl "[V)'f\T 50 411,55+ 124.8 527.56+ 57 P=0.177
Group C Injected with 0.1 ml TE 18.82 +0.57 17.85+3.2 P=0.276

SD= standard deviation. P< 0.05 between A, B, C groups.

The concentration of IFN-y between one day and 14 days were highly significance increased in
groups Al and A2 while in groups B1, B2 and C were not significant which mean that time effected
on IFN-y concentration in group A may be in this time the bacterial cell was destroy and be more
immunogenic. Otherwise, the IFN-y concentrations were significantly higher in rats injected with
vaccine (groups Al and A2) and bacterial DNA (groups Bland B2) than control group (group C) after
one day and 14 days of injection. Also the concentration of INF-y in each groups Aland A2 increased
significantly than both group Bl and B2 after one day. However, IFN-y concentrations are
significantly increased in-group A2 than B1 and non-significant between Al with B1, Al with B2 and
A2 with B2 after 14 days.

We can conclude that the attenuated live vaccine was able to stimulate the immune system more
than the DNA. Such finding could be attributed to the whole attenuated bacteria have immunogenic
factors other than the DNA like cell wall component and outer membrane. However, longer period (14
days vs. 1 day) stimulated of the immune system to recognize the bacteria infection or its derivatives
and released the cytokines. Tavakoli et al. [10] mentioned that the spleenocytes stimulated by B.
melitensis, and B. melitensis strain Revl, as attenuated live vaccine DNAs, induced significant
quantities of IFN-y on day 5 in comparison to control; nevertheless, IFN-y increased insignificantly
after one day. Yamamoto et al. [11] reported that bacterial DNA could induce murine NK cells to
produce IFN- vy and attributed this effect to palindromic sequences present in bacterial DNA.

On the other hand, the Anti-ds DNA antibodies concentrations were significant differences (P<0.05)
between one day than 14 days table 2; in group A2 significantly higher and in group B2 significantly
lower. Furthermore, there were significant differences (P<0.05) between Al, A2, and B1, B2 groups
than group C after one day and 14 days which means that the presence of attenuated live B. melitenses
Revl bacteria or its DNA induced the immune system to produce Anti-ds DNA Ab. Moreover,
between groups we found that there were significant differences (P< 0.05) in Anti-ds DNA Ab
concentration of Al than A2, Bland B2 after one day, between Althan B2 after 14days, between A2
than Bland B2 after one day, between A2 than B2 after 14 days and between B1 than B2 after one day
and 14 days.
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Table 2-Anti-ds DNA antibodies concentration in rats group after injected with two different concentrations of
B. melitensis Rev.1 live attenuated Vaccine and B. melitensis Rev.1DNA.

Rat 4rouns Mean = SD Mean + SD P value
group After one day IU/ml After 14 days IU/ml

Group Al injected with _
0.05x10° bacteria/ml 3.145 £ 0.0919 7.805+ 2.538 P=0.060

Group A2 injected with _
0.1x10° bacteria/ml 4.695+ 0.38 9.48+1.8 P=0.035

Group B1 injected with _
9.13y1g/ml bacterial DNA 19.06+ 2.24 13.59+ 2.54 P=0.075

Group B2 injected with 45.6 _
ug/ml bacterial DNA 34.325+ 2.70 25.37+ 1.04 P=0.022
Group C injected with 0.1 ml 1.60+ 0.26 1,530 .014 P=0.24

TE buffer

SD= standard deviation. P< 0.05 between A, B, C groups.

The result indicates that B. meliensis DNA activated the B cell to secreted antibodies, and the
amount of Antibodies increased with the increases concentration of injected DNA. Also, it induced the
production of antibodies more than the vaccine. Our result was agreed with Al-Mathkhury et al, [12]
findings that the rats’ immune system was stimulated to produce anti-DNA antibodies after
intraperitoneally injection with bacterial DNA and not agreed with the results obtained by Deng and
Tarkowski [13] as they stated that serum levels of antibodies specific for ds-DNA and ss-DNA were
low in Staphylococcus aureus bacterial DNA injected mice, and in comparison with the autoantibody
levels of control mice, showed no difference.

The recognition of bacteria as nonself agents by mammalian cells is key in mounting an innate
response to control infection. Several bacterial antigens, known as pathogen-associated molecular
patterns (PAMPs), are sensed as “nonself” molecules by host immune cells, using receptors of the
innate immune system. PAMPs are, for the majority, cell-wall molecules. Some PAMPs are found in
both Gram-negative and Gram-positive bacteria, (lipopeptides, peptidoglycan, flagellin, and bacterial
DNA). Others are specific either for Gram-negative bacteria (LPS), Gram-positive bacteria
(lipoteichoic acid), or mycobacteria (lipoarabinomannan) [14].

As intracellular organisms, protection against Brucella infection requires cell-mediated immunity,
which includes CD4" and CD8" T lymphocytes, Thl-type cytokines such as IFN-y, Tumor necrosis
factor- alfa (TNF-a), activated macrophages and dendritic cells. Therefore, host control of infection
requires a set of cells and factors which together promote a complex response against Brucella. CD8"
T cells have the predominant role for optimal protection against Brucella infection. This protection
can be performed by a type 1 cytokine profile production, mainly IFN-y, and lysis of Brucella-infected
macrophages. Lysis of these macrophages releases the bacteria to the extracellular milieu enabling
uptake by other activated macrophages in an IFN-y-rich microenvironment. These cells presents
augmented anti-brucellae mechanisms and are able to destruct the pathogen, inhibiting Brucella spread
[15].

Intensive interest is being directed towards the use of bacterial derivatives which promote Thl-like
responses. DNA is an essential macromolecule whose immunologic properties vary with sequence
heterogeneity. While mammalian DNA is immunologically inert, bacterial DNA has potent
immunological properties. It appears to function as one of the "danger signals" to trigger innate
immunity against infection as well as triggering a specific adaptive immune response [10].

Experimental evidence has demonstrated that toll- like receptor-9 (TLR9) mediates CpG-ODN
immunostimulatory activity in murine and human immune cells [16]. A number of studies in
mammalian cells concerning the in vitro and in vivo immunostimulatory effects of CpG-ODN have
previously been reported. These studies have shown that bacterial DNA and synthetic CpG-ODN
stimulate variety of cells including B lymphocytes, natural killer cells, macrophages and dendritic
cells which result in production of cytokines, including IFN-y, IFN-a, TNF-q, IL-1, IL-6, IL-12 and
IL-18 [17].

Bacterial infection stimulates the host to mount a rapid inflammatory response. A 6-base DNA motif
consisting of an unmethylated CpG dinucleotide flanked by two 5' purines and two 3' pyrimidines was
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shown to contribute to this response by inducing polygonal B-cell activation. This stimulatory motif is

20 times more common in the DNA of bacteria than higher vertebrates. The same stimulatory motif

induces the rapid and coordinated secretion of interleukin-6 (IL-6), IL-12, and IFN- y but not IL-2, IL-

3, IL-4, IL-5, or IL-10 in vivo and in vitro. Stimulatory CpG DNA motifs induced B, T, and natural

killer cells to secrete cytokine more effectively than did lipopolysaccharide. Thus, immune recognition

of bacterial DNA may contribute to the cytokine, as well as the antibody production characteristic of

an innate inflammatory response [17].

There is a strong evidence suggests that anti-ds DNA Ab of the IgG isotype are able to shuttle nuclei
acid fragments through the plasma membrane causing activation and secretion of inflammatory
cytokines [18].

Since the presence of attenuated live B. melitenses Revl bacteria or its DNA induced the immune
system to produce IFN- y and anti-ds DNA Ab. However, the attenuated live B. melitenses Revl
increased the production of IFN- y more than DNA, whereas B. melitenses Revl DNA increased the
production of anti- ds DNA antibody more than attenuated live vaccine.
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