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A B S T R AC T
Objective: To evaluate the effects of Pasteurella multocida (P. multocida) vaccines on the expression
and release of antibodies, interleukin (IL)-6 and IL-12 by serum. Methods: Balb/c mice were
immunized with two formalin and iron inactivated vaccine doses within 2 weeks. The vaccines
were adjuvant with P. multocida A strain, P. multocida B strain and Salmonella typhimurium
bacterial DNA (AbDNA, BbDNA and SbDNA for short, respectively). The animals were
challenged 4 weeks after immunization. Blood of mice was collected to detect the change
of specific antibody, IL-6, and IL-12 using ELISA. Results: The specific antibody and
interleukins in the immunized group increased significantly compared to the control mice after
vaccination and challenge (P<0.05). The highest release of these cytokines was obtained by P.
multocida inactivated with iron and adjuvant with AbDNA at a concentration of 25 μg/mL. The
antibody titer peak was 0.447 in mice vaccinated with iron-killed whole-cell antigen adjunct
with AbDNA. The time-courses of release showed that bacterial DNA was able to stimulate
IL-6 and IL-12 production more than alum (P<0.05). Conclusions: Our findings introduce
that bacterial DNA is capable of releasing an immunological response with several cytokines.
These indicate that bacterial DNA entrapped with killed P. multocida antigen is a new and
effective adjuvant to enhance specific immunity and resistance of animal against the infectious
pathogen, which could simplify the development of highly promising strong adjuvant.

1. Introduction
Pasteurellosis is one of the most important health problems in
domestic animals, and it is caused by Pasteurella multocida (P.
multocida). It has been reported as a transmissible disease in wild
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and domestic animals. P. multocidais a small, pleomorphic, Gramnegative coccobacilli[1,2]. Despite the high prevalence of Pasteurella
species in wild and domestic animals, the relatively low incidence
of human pasteurellosis, the presumption is that P. multocida is an
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opportunistic pathogen for human[1,3]. Changes in clinical symptoms
in pasteurellosis can be explained by changing the relationship
between host and bacteria [4]. Zoonotic transmitted to humans
through insect bites or contact via nasal discharge usually done with
P. multocida is the most common infections in human[3].
Vaccination is now an important method to prevent pasteurellosis.
Conventional vaccines have been used for pasteurellosis for decades.
However, these vaccines are inefficient in cross-protective and
long-term immunity. An inactivated vaccine is a vaccine containing
bacterial particles that have grown in culture and then are killed
using a method such as heat or formaldehyde[2,5,6]. Some heavy
metals are required by the organisms as nutrients, and metals play an
important role in the metabolism of microorganisms. The capability
of pathogens to receive iron is one of the key characteristics during
the course of the infection.
However, heavy metal ions like high-concentration iron create
toxic compounds in bacterial cells and can be used as inactivating
agents to kill bacteria in vaccine preparation [4,7]. In order to
achieve long-term protection against infection with the inactivated
vaccines, there is often a need to add an adjuvant. Adjuvants are
compounds that increase the specific immune response to common
antigens, and the adjuvant word is derived from the Latin adjuvare
word [8] . The deliberate selection of adjuvants can affect the
apparent aspects of antibody responses such as dependence, class,
isotype, and epitope specificity. Therefore, it is very important to
develop new immunological adjuvants with high efficiency, vast
resources, and low toxicity[9]. As a result, more effective and safer
adjuvants suitable for use are needed. Due to the capacity of their
immunostimulatory ability, bacteria-derived substances are major
sources of potential adjuvant[10].
Bacterial components are often powerful immune activators
but are usually related to toxicity. For example, bacterial DNA
(bDNA) is one of the strongest cellular adjuvants[10]. At present,
it is known that, DNA and RNA cause native immune responses
such as interferon type栺and inflammatory cytokine production.
Interestingly, native immune activation of DNA is influenced by the
structure and compatibility of DNA[11,12]. Therefore, DNA vaccines
include a “Made-in” adjuvant, a CpG motif. In fact, the addition of
several CpG motifs to DNA plasmids led to improved immunization
of DNA vaccines[11].
bDNA creates cell-mediated immunity by Th1 cells. It indicates an
increase in interferon-毭 through binding to the toll-like receptor 9,
which is used to detect pathogen-dependent molecular patterns[13,14].
The CpG motif also secretes inflammatory cytokines such as
interleukin (IL)-6, IL-12, and tumor necrosis factor α. IL-12 causes
differentiation of Th0 cells into Th1 cells. In addition, tumor necrosis
factorαα is secreted from dendritic cells. It activates both the natural
killer cells and the natural killer T cells[15].
Therefore, the present work was conducted to evaluate the
protective efficacy of several bDNAs during injection by
subcutaneously injection method alone or in composition with the
inactivated P. multocida vaccine against an experiential challenge
in mice with P. multocida specific strain. This study was conducted
based on serological research. Also, here we compare the use of
iron as an inactivated agent instead of formalin to prepare the killed
whole-cell antigen.

2. Materials and methods
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2.1. Ethics statement
All clinical investigations were conducted according to the
principles of the Declaration of Razi Institute. The study was
approved by the local ethics committee (Project number 945894014).

2.2. Mice
In this study, 64 female Balb/c mice weighing 16–18 g body
weight were used. They were prepared by Animal House of the Razi
Vaccine and Serum Research Institute in Shiraz, Iran. The bacterial
inspection showed that the mice were free from P. multocida
infection.

2.3. P. multocida isolate and its culture
P. multocida specific strain PMSHI-9 (GenBank accession no.
JF694004.1) from RVSRI, Shiraz, Iran was obtained as a lyophilized
ampoule. It was activated by culturing in blood agar (Merck) culture
and incubated at 37 曟 for 24 h. For broth cultures, P. multocida
strain was inoculated in brain heart infusion (BHI) (Merck) broth
and incubated in a shaking incubator (IKA, KS4000i) (100 r/min)
overnight at 37 曟[16]. To calculate median lethal dose (LD50), P.
multocida was grown in BHI broth, inoculated in Balb/c mice, and
the microorganism was re-isolated from the liver of killed mice on
blood agar plate. P. multocida colonies were suspended in normal
saline, and their density was 1.5×107 bacterial cell/mL[1]. The
suspension was used to test the challenge.

2.4. Preparation of formalin-killed whole-cell antigen
(FKA)
The FKA was prepared from P. multocida specific strain. The typical
colony of P. multocida isolated from the blood agar plate was removed,
and the organisms were grown overnight in BHI broth at 37 曟. Then
1 mL of bacterial growth was obtained further inoculated into 50 mL
of BHI broth at 37 曟 for 24 h. Finally, the growth of the bacteria was
expanded by inoculating 20 mL in 1 000 mL of BHI broth at 37 曟 for
a maximum of 24 h as a stationary culture. The bacteria were pelleted
at a temperature of 4 曟 for 30 min at 3 500 r/min and were washed
twice with the sterile normal saline solution (NSS). The pellet in the
NSS was re-suspended to a final volume of 20 mL. Culture purity was
assayed by Gram’s staining[17].
The bacteria were killed by adding formalin at a final concentration
of 0.5% and incubated at 37 曟 overnight. Suspension sterility was
tested by inoculation of 200 µL suspension in the nutrient agar,
which showed no growth. The cell suspension was centrifuged for 15
min at 1 000 r/min and subjected to two items of washing with NSS.
The bacterial sediment was suspended in 20 mL NSS and stored at
4–8 曟 in a refrigerator [17,18]. This preparation was designated as
FKA.
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2.5. Preparation of iron-killed whole-cell antigen (IKA)
For the preparation of IKA, the organisms (P. multocida specific
strain) were grown for 24 h in BHI broth, and the bacterial cells
were harvested in NSS. The purity of the culture was tested by
Gram’s staining. The bacteria were killed by adding 1 mol/L FeCl3
into bacterial culture up to a final concentration of 10 mmol/L
and incubated at 37 曟 for 4 h by alternating shaking. Suspension
sterility was investigated by inoculation of 200 µL suspension in the
nutrient agar, which showed no growth. The cell suspension was
centrifuged for 15 min at 1 000 r/min and subjected to two items of
washing with NSS. The bacterial sediment was suspended in NSS
and this preparation was designated as IKA[17,18].

2.6. Extraction of Pasteurella and Salmonella bDNA
bDNA from P. multocida A strain, P. multocida B strain and
Salmonella typhimurium (S. typhimurium) was isolated by the
phenol/chloroform method outlined by Cheng and Jiang[19]. This
DNA extraction method is a corrected method of phenol/chloroform
standard method. They lysed cells directly by phenol and eliminated
the lysis step that uses SDS/lysozyme. In this method, Tris-saturated
phenol was added to the tubes, followed by a vortex-mixing step
to lyse cells. RNA was digested by RNase in DNA preparation and
DNA was better purified by repeated treatments of chloroform.
Finally, pure DNA was precipitated by use of 2 volumes of cold
ethanol, pelleted, air dried, re-suspended in endotoxin-free water
and stored at -20 曟 up to further use. The purity and yield of the
DNA by spectrophotometry was performed by calculating the A260/
A280 ratios and the A260 values for determining the protein impurity
and DNA concentration respectively[19,20]. P. multocida A strain
genomic DNA, P. multocida B genomic DNA, and S. typhimurium
genomic DNA were designated as AbDNA, BbDNA, and SbDNA,
respectively.

2.7. Experimental design and preparation of vaccine
formulations
This experiment was performed at House Animal House
Laboratory, RVSRI, Shiraz, Iran. The mice were in a separate cage.
Animals were divided into eight equal groups (eight in each group)
only treated with bDNA or combined with formalin- and ironinactivated P. multocida vaccine. FKA was adjuvant with 0.5%
aluminum potassium sulfate and this experimental vaccine was
designated as FKA-Alum. IKA was adjuvant with bDNA and the
experimental vaccine was designated as IKA-bDNA. To prepare
FKA-bDNA, FKA was with adjuvant with genomic DNA (bDNA)
and the experimental vaccine was determined as FKA-bDNA. The
immunogens on day 0 (a single dose of 1 mg in 0.2 mL per mouse)
were administered. The pure bDNA was mixed as an adjuvant in
FKA and IKA, or only 5 μg in the final volume of 0.2 mL of each
inoculum. Treatment of different groups of mice as follows: group
(栺) was injected subcutaneously with 2 mL sterile PBS and kept
as normal control, group (栻) was injected subcutaneously with
a single dose of AbDNA, group (栿) was vaccinated with FKAAlum vaccine, group (桇) was injected subcutaneously with FKA-

AbDNA, group (桋) was vaccinated with IKA-AbDNA vaccine,
group (桍) was vaccinated with IKA-BbDNA vaccine, group (桏
) was vaccinated with IKA-SbDNA vaccine and group (桒) was
vaccinated with IKA alone without any adjuvant kept as adjuvant
control. Controls and vaccine treatments were repeated after 2 weeks
(day 14) in all groups as a booster dose. Testing continued for 4
weeks, at the end of which challenge was carried out by injection
with a virulent strain of P. multocida. The mice were bled from the
day 28 after the first injection.

2.8. Determination of antibody response to vaccine
formulations
Specific antibody levels of P. multocida were tested by ELISA using
sera from each animal of various groups, as previously described by
Bacelo et al[21]. Briefly, polystyrene 96 well immunoplates (SPL,
Korea) were coated with 200 ng of P. multocida PMSHI-9 antigens
per well, diluted in carbonate-bicarbonate buffer pH 9.6, and
incubated overnight at 4 曟. The plates were washed one time with
PBS–0.05% Tween 20 and were blocked with 100 µL of 1% bovine
serum albumin at 37 曟 for 1h. After washings three times with
PBS–0.05% Tween 20, the mice serum (diluted 1:50) was added and
the plates were incubated for 1 h at 37 曟. The plates were washed
three times with PBS–0.05% Tween 20, and rabbit anti-mouse
IgG conjugated with horseradish peroxidase (DakoCytomation,
Denmark) and diluted 1:3 000 was added, followed by incubation
for 1 h at 37 曟 . OPD/H 2O 2 substrate [O-phenylenediamine
dihydrochloride (Dako) and hydrogen peroxide] was used as the
colorimetric reagent. The reaction was stopped by adding 0.1 mol/L
sulfuric acid and plates were read at 450 nm to assess optical density
on a microtiter plate reader (BioTek Instruments, USA)[21,22].

2.9. ELISA for detection of serum IL-6 and IL-12 titers
To evaluate the cellular immune response in the immunized
animal, mouse IL-6 and IL-12 ELISA Kit (Eastbiopharm, LTD,
USA) were used. The protocol was applied based on manufacturer’s
recommendations. These kits use ELISA based on the double
antibody biotin sandwich technique to assay the mouse IL-6 and
IL-12. To diagnose serum IL-12, in brief, the serum of mice from
all animals of different groups was added to the wells, which were
pre-coated with IL-12 (IL-12/P40) monoclonal antibody and then
incubated. After that, anti-IL-12/P40 antibodies tagged with biotin
were added to incorporate with streptavidin–horseradish peroxidase
to form an immune complex. After incubation, the enzymes without
binding were removed and washed. A and B substrate are added.
Then the solution would shift blue and change into yellow with the
effect of stop solution (acid).
For evaluation, blank well was taken as zero, the absorbance (OD)
of each well was measured one to one under 450 nm of wavelength,
which should be read within 10 min after adding the stop solution.
The shades of a solution and the concentration of mouse interleukin
12 (IL-12/P40) are positively correlated. To diagnose IL-6, these
instructions should be repeated exactly, with specific materials
supplied in the mouse IL-6 ELISA kit.
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2.10. Challenge of immunized animals with virulent P.
multocida specific strain

0.5
0.4
OD450

Two weeks after the second dose, the mice were intraperitoneal (I/
P) challenged with 200 µL of 24-hour growth of live P. multocida
specific strain at 1×10-3 dilution (containing 1.5×107 CFU/mL,
equivalent to 1 422 × LD50). Survivors were registered daily for 7 d.

0.6

3.1. FKA, IKA and sterility of the vaccines
P. multocida specific strain, which was grown in BHI and
suspended in NSS, was completely inactivated with 0.5% formalin
and 10 mmol/L FeCl3 for 24 h at 37 曟 for the provision of FKA and
IKA respectively. FKA, IKA, and bDNAs showed the absence of
any bacterial contaminants when they grew on diverse media such as
blood agar, nutrient agar, and BHI broth. All the vaccine preparations
were completely devoid of live organisms.

3.2. Purification of Pasteurella and Salmonella chromosomal
DNA
Chromosomal DNA extracted was found to be free from proteins
and RNA as measured by A 260/A 280 ratio (=1.8). After phenol/
chloroform extraction, the bDNA concentration was found to be
250 ng/µL for P. multocida (A) strain, 210 ng/µL for P. multocida
(B) strain and 320 ng/µL for S. typhimurium that were used as
vaccine adjuvants.

3.3. Serum anti-P. multocida antibody response to
vaccination
As a gauge of the vaccination ability to stimulate humoral
immunity, ELISA was performed for serum specific antibodies to
P. multocida on samples that were obtained 4 weeks after initial
vaccination. All groups vaccinated with the whole-cell killed
antigens stimulated humoral immunity by 4 weeks after initial
vaccination. As shown in Figure 1, strong humoral responses had
been generated by the IKA-AbDNA and FKA-AbDNA vaccines
respectively. After immunization, the serum antibody levels in the
IKA-AbDNA and FKA-AbDNA groups were significantly higher
than those in the FKA-Alum, IKA-BbDNA, IKA-SbDNA, and IKA
vaccinated groups (P=0.019 9) and those in the negative control
groups (P=0.009 3). There were no differences in the antibody levels
between the IKA-BbDNA and IKA-SbDNA vaccinated groups.
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Figure 1. Dynamic changes in level of antibody in serum of immunized mice
(n=8).
Following the immunization, serum antibody levels were measured by
indirect ELISA. The antibody level of immunized groups was statistically
significantly higher than that of control groups (P=0.001 3).

3.4. Changes of serum IL-6 and IL-12 in immunized mice
Two immune cytokines (IL-6 and IL-12) were detected after
vaccination to investigate the cellular immune response of different
immunogens. In the experiment, the IL-6 values were consistently
higher in the FKA-Alum, FKA-AbDNA, IKA-AbDNA, IKABbDNA, and IKA-SbDNA groups than in the control group
(P=0.006 7). However, there were no differences in the IL-6 values
among the groups of FKA-Alum, and FKA-AbDNA with IKAAbDNA, IKA-BbDNA, and IKA-SbDNA vaccines (P=0.448 8)
(Figure 2). The results showed that IL-12 level in the IKA-AbDNA
group was extremely statistically significantly higher than that in
other immunized and control groups (P=0.000 1). Peak IL-6 and
IL-12 titers were achieved in the IKA-SbDNA and IKA-AbDNA,
respectively (Figure 2).

Serum level (pg/mL)

3. Results
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2.11. Statistical analysis
The results are shown as the mean ± standard errors. Statistical
analysis was performed using the Graph-Pad program PRISM 6.0.
Distinctions between the control and treated groups were tested
using a one-way variance analysis followed by Student’s t-test
for significance. The difference in level P<0.05 was statistically
significant[1].
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Figure 2. Production of IL-6 and IL-12 in mice detected by indirect ELISA
(n=8).
The IL-6 and IL-12 titer of bDNA adjuvanted groups was statistically
significantly higher than that of Alum adjuvanted groups (P<0.05).

3.5. Protective efficacy of vaccines in mice after a lethal
challenge with P. multocida specific strain
Mice (five in each group) were challenged on day 28 (2 weeks
after the second and final immunization) with P. multocida specific
strain at a lethal dose of 1.5×107 CFU/mL (I/P). Morbidity and death
were monitored for 14 d post challenge. The survival rate of the PBS
control, AbDNA, FKA-Alum, FKA-AbDNA, IKA-AbDNA, IKA-
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BbDNA, IKA-SbDNA, and IKA groups were 0%, 20%, 80%, 80%,
100%, 80%, 100%, and 40%, respectively. The results showed that
mortality rate in the PBS, AbDNA, and IKA groups were higher
than that in the killed whole-cell vaccine groups. None (0/5) of the
PBS-immunized mice survived in the challenge, whilst nonspecific
protection was observed in the mice immunized with FKA plus
adjuvant (4/5; 80% protection) and IKA without adjuvant (2/5;
40% protection). The group immunized with IKA-BbDNA was not
significantly protected compared to those immunized with IKAAbDNA and IKA-SbDNA. In contrast, the group immunized with
IKA-AbDNA was statistically significantly protected compared to
the FKA-AbDNA group (P=0.029 9). The contradiction between
IKA-AbDNA, IKA-BbDNA and IKA-SbDNA with IKA alone was
significantly observed (P=0.023 7).

4. Discussion
The aims of vaccine development may be to prevent intensive
infection or to control the disease with complications[23]. In the
current study, we investigated the adjuvant effect of several bDNA
on the humoral and cellular immune responses both induced by
immunization of Balb/c mice with the iron-inactivated and formalininactivated vaccine, as well as the protection against murine
experimental pasteurellosis after vaccination.
To inactivate virulent bacterial cultures for vaccine formulation
which involves the use of formalin, heat, and acetone, several
different methods have been used. Formaldehyde has been used in
inactivation of bacteria and commonly used to prepare vaccines.
Formaldehyde conditions vary from days to weeks depending on
the bacteria, formaldehyde concentration and incubation situation
(37 曟 or 2–8 曟). Thus it may need to study an inactivation curve
using chosen conditions choose to ensure that the bacteria get
inactivated and maintain the immunogenicity or protective activity
of the vaccine. Since the formaldehyde reaction is reversible, there is
always a small amount of formaldehyde remaining in formaldehydeprepared vaccines[10,24]. The use of iron as an inactivated agent
rather than formalin has been reported by Kumar and Singh[18].
They inactivated S. typhimurium with a high concentration of FeCl3
(>10 mmol/ L), producing toxic free-radicals for destroying bDNA
and killing microorganisms for the modification of inactivated
vaccines. In the present study, we inactivated P. multocida using
10 mmol/L FeCl 3, which resulted in total inactivation of P.
multocida during 24 h at 37 曟. We found that iron-inactivated
vaccines were superior to formalin-killed preparations, especially
when the bacterins were injected by bDNA adjuvants. Kumar
and Singh showed that the vaccines prepared from iron-killed
antigen+DNA can induce the humoral immune response and well
protect mice against a virulent S. typhimurium strain[18].
The humoral immune response is the significant factor in
resistance to P. multocida infection. In this study, an ELISA test
was performed to detect the levels of antibodies administered by
the FKA and IKA inactivated vaccines and use of several adjuvants.
Adjuvants can be used for varied purposes, including: to increase
the immunogenicity of antigens highly purified or recombinant, to
reduce the level of antigen or the number of immunizations required
for immune protection, or to improve the potency of the vaccines

in immuno-compromised persons, neonates or the elderly[10].
Glenny et al. discovered that diphtheria toxoid precipitated with
aluminum provided better immunogenicity than the toxoid alone.
This pioneering study propelled the use of aluminum hydroxide or
phosphate in vaccines as an adjuvant[25]. Unfortunately, alum salts
are comparatively weak adjuvants and scarcely produce cellular
immune responses. Due to their strong immunostimulatory valence,
materials derived from bacteria are main possible sources of
adjuvants. Mycobacterial DNA adjuvant activity was increased that
led to the detection of high levels of the CpG motifs adjuvant activity
in the bacterial nucleic acids. A DNA containing CpG motifs that
activate plasmacytoid dendritic cells and stimulate IFN-α production
can be useful as a vaccine adjuvant[10,12].
All of the immunized mice produced antibodies to P. multocida
antigens by ELISA. We found that the ability to stimulate the
humoral immune response from two heterologous bDNA vaccines
were inferior to that of a homologous bDNA vaccine. In this study,
the highest antibody titers measured by ELISA were observed
in IKA-AbDNA vaccine group compared to those in the IKABbDNA and IKA-SbDNA vaccine groups. These results indicate
that homologous bDNA could stimulate better humoral immune
responses than heterologous bDNAs and alum adjuvant. Kumar
and Singh reported that homologous bDNA may act as a vaccine
adjuvant and protect mice from S. typhimurium[18]. Herath et al.
showed that immunization of chickens with an iron-inactivated
vaccine-5 µg bDNA increased IgY antibody levels more than ironinactivated vaccine-10 µg bDNA[17]. Thus, here we used 5 µg of
pure bDNA alone or as an adjuvant in FKA and IKA vaccines.
The cellular immune response also plays an influential role in
the anti-infection process. Interestingly, the unique CpG motifs
are recognized by toll-like receptor 9 localized in endosomes
of B cells, plasmacytoid dendritic cells, myeloid dendritic
cells, and macrophages, inducing inflammatory cytokines and
immunoglobulins. IL-6 and IL-12 are crucial cytokines for the
modulating of the safety of vaccination[15,26]. To determine whether
mice have caused cell-mediated immunity to P. multocida, serum of
five vaccinated and three control mice groups for controlling IL-6
and IL-12 were examined. In the present study, IKA-SbDNA and
IKA-AbDNA inoculation significantly increased IL-6 and IL-12,
respectively, in comparison to other immunized groups (P<0.05).
These results showed DNA from some of the gram-negative bacteria
such as Salmonella sp. bDNA can enhance the immune response
caused by CpG motif against P. multocida infections.
The effectiveness of experimental vaccines in mice was specified
by lethal P. multocida specific strain challenge via I/P route. We
found that vaccines adjuvant with bDNA gave better protection
than vaccine adjuvant with alum and without adjuvant. The bDNA
alone provided 20% protection, while none of the PBS group mice
survived the lethal challenge. Mortality rate was 100% in the PBS
control group, 80% in the AbDNA group, 20% in the FKA-Alum,
FKA-AbDNA and IKA-BbDNA groups, 60% in the IKA group, and
none of the mice died in groups IKA-AbDNA and IKA-SbDNA.
Mortality in the groups FKA-Alum, FKA-AbDNA, IKA-BbDNA
and IKA may be caused by insufficient immune stimulator of
immunogens not enough, while 100% protection in the groups IKAAbDNA and IKA-SbDNA can be related to the effects of immune
modularity and immune stimulation of iron, AbDNA and SbDNA.
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Presumably, immunostimulatory effect of SbDNA is because of that
Salmonella has un-genus heterologous bDNA for the preparation
of P. multocida vaccine. Herath et al. found that iron-inactivated
vaccine-10 µg bDNA vaccine gave 100% protection in chickens and
then iron-inactivated vaccine-5 µg bDNA protected 75%. The FIVAlum vaccine provided only 62.5% protection. They showed that,
although at the time of the challenge, the antibody titer was almost
identical in all vaccinated chickens, only the IIV-10 μg bDNA
vaccine could increase chickens survival[17].
In conclusion, the present study has developed an antigenic and
protective effect of bDNA. The results showed that the iron-killed
vaccines and, secondly, formalin-killed vaccine offered a good
immunity against P. multocida. Mice immunized with bDNA
showed significantly stronger immune responses as in the current
trials in comparison to control. In our study for the first time, the
new vaccine formulation (IKA-SbDNA) was successfully tested
in Balb/c mice. DNA acted as an adjuvant to enhance the humoral
and cellular immune responses against challenge with virulent P.
multocida specific strain.
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