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Abstract

Background: Pasteurella multocida continues to pose a danger to prone farm and wild animals all over the
world. Chemotherapeutic treatments are progressively losing their effectiveness, last for long time, and cost a lot
of money, as well as being toxic to human consumers. Therefore, clearing the way for immunization as a big-
wheel alternative against the economic grain. Yet, the vaccines available in the market do not confer the necessary
protection against the pathogen. The integration of the well adjuvanted killed vaccine with the attenuated vaccines
proved to offer an effective protection to the host animals. However, the bare use of the killed bacterin to provide
protection from the possible harm of the live attenuated vaccine was doubtful.

Methods: In the present study, propolis extracts were used to ameliorate the immunogenicity of the Pasteurella
bacterin. The cellular and humoral activities were assessed for the different bacterin formulations.

Results: Propolis extracts adjuvants proved to broaden and extend the 1gG potency, as well as to induce a unique
mucosal protection against the bacterium. Simultaneously it offered an anti-inflammatory effect that increased the
tolerability to the bacterin. While the cellular activity was relatively reduced with propolis extracts.

Conclusions: These results confirm the effectiveness of the formulation of the bacterin with propolis to offer a potent
homologous primary protection to the animals against the long-life use of the attenuated Pasteurella vaccines.
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Introduction
Pasteurella multocida is the etiologic agent of the
virulent respiratory disease pasteurellosis. The disease

infection among crowded stressed animals’
transportation (7), and the increasing antibiotics

induces several types of illnesses including respiratory
infections, ofitis, meningitides, genital infection,
abscesses, soft tissue infection, and septicaemia (1). It
causes an increasing economic lose in the farm
animals husbandry with a mortality rate that trespassed
50 % especially in poultry, buffaloes, goats, sheep and
swine (2). It was recorded as well in farmed fishes (3),
wild animals (4) and immune-compromised human
patients (5). P. multocida became one of the most
vicious worldwide veterinary pathogens due to the
ease of infection spread especially in crowded
farming systems (6), the increased susceptibility to

resistance (8). This danger increases as a result for the
presence of symptomless carriers such as cats (9), the
presence of subclinical cases (10), the variability of
microbial strains (11, 12), the increase of the risk of
outbreaks with environmental factors (13), and the
lack of fully potent vaccines to eradicate it (14).

Our previous investigations (14) highlighted an
optimum regimen (15) to profit from the benefit of
both the safety and efficiency of available vaccines.
The proposed formulation applies a well-adjuvanted
killed preparation from Pasteurella to confer safety
followed by a life-time application of orally
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administered  attenuated vaccine to provide a
heterologous extended therapeutic potency (14). Our
point of view was consolidated with other researchers
that proposed to develop a potent regimen against the
pathogen by using the oil adjuvanted killed vaccine
and the attenuated vaccine to combat buffaloes
pasteurellosis (16). Some researchers still follow
classical ways to prepare limited-potency homologous
vaccines against the pathogen (17-22), despite it not
being recommended with some of them already
confirmed as ineffectiveness through their trials (17,
21). Although being unsafe, the research to develop
new attenuated Pasteurella vaccines progressed using
virulent genes deletion (23, 24) or went through the
dose evaluation of live attenuated intranasal aerosols
(25) and proved their efficacy.

The aim of this research article is to develop and to
evaluate the formalin-killed Pasteurella bacterin
formulated with different propolis extracts as
adjuvants. This was consolidated by the facts that the
whole propolis extract enhances the immunogenicity
of the incorporated antigens, as well as being a safe
anti-inflammatory natural product, unlike the oil-
adjuvants (26).

Materials and Methods

Ethics approval and consent to participate

The ethical approval and standards for this study
regarding the use of rabbits as animal models was
granted by the Medical Research Institute,
Alexandria University.

Propolis’ flavonoids preparation and quantification
Propolis flavonoids (PF) was extracted according to
the method described by Shougin et al., (27) with
further modifications. All processes were performed
in dark. In brief, dry ground powder of propolis
(Egyptian market) was added to acetone (1:10) and
agitated overnight on 150 rpm at room temperature
(RT). The extract was filtered, and the acetone
extract was vacuum evaporated at 40 °C. The
aqueous solution was extracted by excess hexane.
The aqueous layer was extracted with equal amount
of ethyl acetate. The non-aqueous layer was
concentrated on at 40 °C. The final extract was kept
in aliquots at -20 °C. The flavonoids content was
determined by the aluminium trichloride method
using quercetin as a reference compound (28).

Propolis’  polysaccharides preparation and
quantification

The propolis’ polysaccharides (PPS) were extracted
according to the method of Sun et al. (29) with some
modifications. In brief, dry ground powder of propolis
was mixed with distilled water (10 gm/dL), and heated at
85 °C for 8 hours with continuous stirring. The extract
was left to decant ovemight at 4 °C. The wax toping was
removed mechanically, and the homogenous
supematant was concentrated at 40 °C. Then, the
concentrate was centrifuged at 12000 for 15 minutes at
14 °C. The supematant was adjusted on pH 4.4, and
added to 4 times its volume freezed 95 % ethanol while
stirring. The mixture was kept at -20 °C ovemight, then
centrifuged at 4000 g for 15 min at4 °C. The pellets were
washed by cold 95 % ethanol and centrifuged at 4000 g
for 15 min at 4 °C. The pellets were washed by acetone,
and centrifuged at the same conditions. The pellet was air
dried, suspended in minimal amount of pyrogen-free
water and kept in aliquots at -20 °C. PPS was quantified
based on the polysaccharide content against glucose
standard, by the phenol-sulphuric acid method (30).

Propolis’ extract preparation and quantification
Fine ground propolis was extracted in dark with 70 %
ethanol (7 g/dL) at RT for 7 days in a shaker
incubator at 150 rpm. Then the suspension was
filtered, concentrated, sealed, divided and stored at -
20 °C (31, 32). The PF and PPS content of propolis
extract (PE) were determined by the aluminium
trichloride method (28) and by the phenol-sulphuric
acid method (30); respectively.

Isolation and identification of the P. multocida
bacterium

Oral specimens were taken by swabbing the anterior
surface of the gums and the interior of the cheek,
from two White New Zealand rabbits (Dr. Tarek
Adnan rabbit’s collection) manifesting infection by
Pasteurella (33). The swabs were streaked on
Pasteurella selective medium plates (34), and
incubated at 37 °C for 24 hours. The identity of the
pure colonies was tested by API-20E strips
(bioMerieux, France) according to the producer
recommendations (35). The positive samples were
confirmed by the VITEK®2 automated system
(bioMerieux, USA).
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Pasteurella’s bacterin preparation

The pure bacterial cells of Pasteurella were cultured in
brain-heart infusion (BHI) broth at 37 °C for 18 hours at
150 rpm. The broth culture was deactivated by 0.8 %
formalin (vAv) 3 hours at RT. The pellet was collected
aseptically by centrifugation at 4000 g X for 15 min at 4
°C, then washed twice by sterile pyrogen-free water (36).
The sterility of the preparation was confirmed on BHI
agar plates for 5 days at 37 °C. Then the bacterial
suspension was adjusted to be 2x10° cfwmL using
McFarland gradient solutions (37).

Experimental rabbits care

Healthy white New Zealand rabbits with an age of 6
weeks and an average weight of 1450 g + 50 g, were
purchased from the experimental farm of the Faculty of
Agriculture in Alexandria University. The rabbits were
allowed to accommodate for two weeks in the new
animal house at the Medical Research Institute of
Alexandria University, where they were kept under the
experimental animal ethics rules of Alexandria
University. Throughout that period the behavioural
parameters, body weight and temperature were recorded.
Nasal and oral samples were weekly cultured on
Pastewrella’s selective medium (34) as previously
described, to ensure that the rabbits are free from any
possible infection from Pasteurella (38).

The inspection of the rabbits started at zero time, 4
hours after injection, then after 2 and 6 days after each
injection. The recorded parameters included body weight
variation, body temperature (rectal) variation,
tachycardia, tachypnoea, hyperactivity, changes in the
eyes brightness, oliguria, haematuria, diarrhoea,
constipation, hair loss, appetite loss, abnormal sexual
behaviour, and manifestation of disease (39-41).

Injection schedule and blood samples collection

The rabhits were grouped into 5 groups, consisting of 3
rabbits each. They were injected subcutaneously. The
booster dose was after 28 days, week 4, after the first one
(WO). Blood samples were collected on 2 weeks’
intervals. Heparinised samples were used for cellular
proliferation assessment, while serum was separated and
kept at -80 °C for further humoral assessment (Fig. 1).
The first dose consisted of 1 X 10° cfmL bacterin
formulated with the safe dose (42) of propolis flavonoids
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equivalent to 0.65 mg/Kg in PF and PE, and 0.7 mg/Kg
for the PPS. While the second dose consisted of 2 X
10°cfu/mL bacterin formulated with the same safe dose
of the adjuvant.

The detection of the specific antibodies to Pasteurella
The in-house prepared ELISA plates were coated with
the previously optimized concentration (10° for IgG
and 107 for IgA) of the bacterial cells with a replica.
The IgA and IgG content in the serum samples were
estimated using horse radish peroxidise (HRP)-
labelled polyvalent bovine anti-rabbit IgG or IgA and
Substrate at 450 nm (43, 44) using micro-plate reader
(Infinite F50 Tecan®, Switzerland) supported by
Magellan® statistical software. The accepted data had
a probability (P) value < 0.05.

Cellular immunity evaluation

The cellular response of the vaccine preparations was
estimated by the lympho-proliferation assay using
Neutral Red (NR) dye (45, 46) using Ficoll- Histopaque
1083 (Sigma- Alrdich, USA). The cell count was
adjusted to 2x10°according to Castro-Concha et al. (47)
and Hoffman (48). The readings were performed on
micro-plate reader (Infinite F50 Tecan®, Switzerland).

Statistical analysis of the data

Statistical data analysis was performed using IBM SPSS
version 20 to obtain the mean and standard deviation. The
same software was used to do the one-way ANOVA for
the data. The significance value was set on a value <0.05.

Results

The safe dose of propolis extracts injected to each rabbit
was calculated according to the previous research of
Tirkez et al. (42). It wes estimated that the propolis
extract (PE) extracted by the ethanol method yielded a
weight of 20.98 % from the crude propolis. While the
propolis polysaccharide (PPS) extracted by the hot-water
method yielded 7 % from crude propolis. However, the
propolis flavonoids (PF) extracted by the acetone method
yielded 6.49 % from crude propolis. Therefore according
to Tirkez et al. (42) the safe dose of PF was 0.65 mg/Kg
and the safe dose of PPS was 0.7 mg/Kg. These were
formulated with the prepared vaccine according to the
rabbits’ weight.
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Fig. 1. Injection schedule of the 5 rabbits' groups with an illustration of the immunization intervals. 1% 1D = first injection dose;
2"BD = second injection or booster dose; GP = group; PBS = Phosphate buffer saline; PE = propolis extract; PF = propolis flavonoids;

PPS = propolis polysaccharides; S = Sample.

The inspections did not show any remarkable
abnormal change in the natural behaviour or
weight of the injected rabbits after both injection
doses. The fold increase in temperature of the
groups after the two injections (Figs. 2 A and B)
confirmed the significant relative increase of the
body temperature of all groups after 4 hours from
the vaccination. The PPS and vaccine groups

showed the highest increase in body temperature
when compared to the other groups. While the
PF, showed the lowest increase. The statistics
confirmed the significant reduction in
temperature for groups (3 and 5) after 4 hours
with both injections, when compared to the
vaccine group 2. This correlation was not
remarkable with group 4.
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Fig. 2. (A) The first injection fold increase of the body temperature on week 0. (B) The second injection fold increase of the body temperature
on week 4. The vaccine was formulated with Propolis extract (PE), Propolis polysaccharides (PPS) or Prapolis flavones (PF).

Figure 3 illustrates the 1gG response of the rabbits
injected by the different bacterin preparations. The
rabbits’ groups were injected at week 0 and week
4, as indicated by the red arrow in figure 3. The
control group still keeps its basal increase as being

a non-vaccinated one. The propolis extracts
formulated groups manifested a statistically
significant obvious higher IgG response than the
crude vaccine, with a remarked superiority of the
PF formulation in term of folds and longevity. It is
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Fig. 3. Fold increase of 1gG over 12 weeks. The vaccine was formulated with Propolis extract (PE), Propolis polysaccharides (PPS) or
Propolis flavones (PF). The red arrows indicate the injection doses at week (0) and week (4).

noted as well that the IgG level of all the vaccinated
groups 1gG reverted to the initial basal value after
6-8 weeks after the booster dose. The cut-off value
(31) which denotes the fold-increase that enables
the vaccinated animal to combat the microbial
infection due to Pasteurella, was calculated to be
equal to 1.85-folds. The crude vaccine reached the
cut-off value a week after the booster dose and just
retained its value for 5 weeks, while all other dose
containing propolis components reached the cut-
off value a week after the first dose and remained
with a significant increase for 10 weeks. Statistics
confirmed that groups 3 and 5; but not 4 retained

2.2

1.8

1.6

Fold increase

14

1.2

significant high IgG fold-increase from that of the
vaccine group 2. Concurrently, figure 4 shows the
relative fold-increase of IgA of the different
groups in proportional of the initiative IgA
concentration at the rabbits’ sera. The control
group keeps its basal increase as being a non-
vaccinated one. The cut-off value (31) was
calculated to be equal to 1.9-folds. The PE-
formulated vaccine was the only preparation that
enabled the IgA fold-increase to reach the cut-off
value. This was achieved after 10 days from the
booster dose and only for a period of less than two
weeks, this was confirmed statistically.
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Fig. 4. Fold increase of IgA over 12 weeks. The vaccine was formulated with Propolis extract (PE), Propolis polysaccharides (PPS) or
Propolis flavones (PF). The red arrows indicate the injection doses at week (0) and week (4).
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Figure 5 shows the stimulation index that
denotes the cellular proliferation of the different
groups of tested rabbits. All groups showed an
induction in cellular response after the different
injections. However, the statistical analysis of the
data confirmed the non-significant increase values
with all propolis preparations. The non-formulated

vaccine group showed the significant obviously
highest cellular proliferation in comparison to all
other groups of rabbits. After the first injection
dose, PPS showed the highest negative effect on
the cellular proliferation, followed by PE, then PF.
While after the second dose, the negative effect of
PF increased while that of the PPS decreased.

Stimulation Index

Control

Vaccine

Vaccine+PE

—>\/accine+PPS

== \Vaccine+PF

Week ]

Fig. 5. Stimulation Index (SI) of the neutral red dye, as an indication of proliferation activity of the mononuclear cells of the different rabbits’
groups’ along 12 weeks. The vaccine was formulated with Propolis extract (PE), Propolis polysaccharides (PPS) or Propolis flavones (PF).

The red arrows indicate the injection doses at week (0) and week (4).

Discussion

Pasteurella multocida proved to be an emerging
bacterial pathogen that threatens the animal husbandry
and human health all over the world since biosecurity
measures, chemotherapeutics and available vaccination
regimen were not sufficient to control that bug.
Although vaccination emerged as the most promising
solution, the majority of the available vaccines were
homologous, non-therapeutic, expensive, or were not
proven safe. Therefore, our previous investigations
proposed a vaccination regimen that applies a dose of
well-adjuvanted killed vaccine to act itself as a vaccine
against the possible harm of the live-attenuated vaccine.
This dose will confer a homologous protection against
the same strains used to produce the attenuated vaccine.
This should be followed by the attenuated vaccine that
offers heterologous cellular long protection to attain the
desired protection (14). Our aim was to develop the
protection of Pasteurella vaccination regimen through
the production of that well-adjuvanted bacterin that

confers a primary protection against the attenuated
vaccine.

The use of propolis as a safe cheap vaccine adjuvant
was proposed to enhance the immunization term and
reduce local inflammation due to its safety (26). It also
has no effect on epitopes modifications, especially since
the main epitopes of Pasteurella showed to be proteins
(14, 26). Previous trials assessed the 5 X 10° single-dose
(31) or double equal-doses of 2 X 10° (49) formulated
with the crude extract (with 70 % ethanol-PE) of
propolis over seven weeks. They confirmed that
propolis has no adverse effect on the metabolic activities
of the animal, enhances the immune response and
reduce the mortality rate (31, 49). Our study developed
those previous ones by imitating the same conditions
applied while using the commercial vaccine in terms of
dose and times of vaccination, rabbits’ age and weight,
and the vaccination regimen. Moreover, we evaluated
the specific circulating humoral antibodies, and assessed
the absolute adjuvanticity of the major groups of
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propolis components.  Simultaneously, experimental
rabbits were assessed for a possible spread of subclinical
infection by continuous bacterial cultures. In order to
provide a universally accepted research, our doses were
calculated according to the flavonoid and
polysaccharide contents, and not as weight proportions
of the raw propolis, since propolis components differs
from region to region and season to season (26).

The body temperatures of the rabbits were elevated
after 4 hours from the first and second injection. This
was referred to the immune response activation and the
production of inflammatory cytokines against the
injection, regardless to the vaccine formulation as
previously noted (25). The vaccine formulated with PF
and PE showed a relative reduction in the animals’
post-injection temperature. This was the referred to the
anti-inflammatory effect of the propolis (50, 51). The
anti-inflammatory effect was the highest with PF,
moderate with PE and absent with PPS. This confirms
that the anti-inflammatory components are non-polar
ones present in the flavonoids extract. Therefore,
propolis flavones may be used as vaccine additive to
reduce the inflammatory effect and vaccine side
effects. Especially since rabbits are very sensitive to
physiological changes and usually respond to that by a
loss of appetite and, subsequently, weight. Unlike with
the first dose and after the booster dose, the PPS caused
a non-significant mild reduction in temperature.
Together with the previous pathological and
physiological assessments performed for the bacterin
formulation with PE (26, 31, 49, 50), our estimation for
the behavioural characters and body weight variation
confirms the safety of the different preparations on the
animals’ health and growth.

The IgG raised in all rabbits after 2-weeks from
the first dose and after 3-weeks from the booster
dose. It started to decrease after 7-weeks of injection,
which confirm that the evaluation of Pasteurella
bacterin necessitates a period of at least 12-weeks
for experimentation. Moreover, the protection of the
crude vaccine measured by the cut-off value
estimation lasted only from week-5 to week-10,
after the booster dose. This confirms that the
protective potency of the crude commercial vaccine
is less than what is announced to be 8-weeks after
the last dose injection. In addition, the protective
capacity only initiates after one-week from the
booster dose. These facts confirm that no wonder
that the commercial vaccine available on the market
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is unable to protect vulnerable animals, especially
young ones. For instance, the bacterin is injected in
2 month-old rabbits and then boosted at the age of
3-months. This means that young rabbits do not
profit from the bacterin protection before the age of
one week after the third month, especially that
bacterin do not confer maternal protection like the
attenuated preparations (14).

The PF formulation showed an obviously higher
IgG response and relatively longer persistence
throughout the injection schedule. Statistics confirmed
the significant increase in IgG-folds for the PF
containing injections, groups 3 and 5. This confirms its
compatibility as an adjuvant for the bacterin, and its
positive effect on extending the humoral protection as
previously noted (52). The protective potency of the PE
and PPS were from week 1 to 10, and that of the PF
extends for an extra week over the other propolis
extracts. This confirms that the PF, and to a lesser extent
propolis extracts, are able to prolong the protective
capacity of the vaccine. Moreover, it proves that the IgG
is boosted mainly by the non-polar constituents of the
propolis. Therefore, they may be used to develop the
potency of the bacterin.

Not to mention that Pasteurella is a respiratory
pathogen, and hence the mucosal immune activity plays
an important role to control it. Although the IgA titre
was affected by the injection schedule, the non-
formulated, PPS and even PF vaccines were not able to
boost the mucosal immunity to the cut-off protective
value (2-folds). The only preparation that conferred a
mucosal protection was that of the PE, that offered a
protective capacity at the 6 week after the first dose, and
just for a period of 1-week. This may propose the use of
the whole PE to increase the mucosal immunity against
Pasteurella. Moreover, it worth mentioning that the
importance of assessing the IgA response for a vaccine
that will be used to protect from a possible harm of an
orally administered vaccine lies in that, animals while
drinking the attenuated vaccine will most likely wet
their nose and eyes. Simultaneously, some research
proved the superiority of the nasal attenuated vaccines
over the subcutaneous ones (15). Therefore, the specific
local mucosal immunity for those organs is
concurrently necessary. Our hereby previous instigation
on the anti-inflammatory response and the IgG showed
the correlation in the influence of PF and PPS together
with PE, since PE's effect is empirically the synergic
effect of the PF and PPS. However, in the case of IgA
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assessment the PE showed behaviour that was
independent from its two main individual components.
This points to the fact that the component that induced
the IgA increase is not extractable by the methods used
to extract the PPS or the PF. Therefore, formulating a
mucosal vaccine adjuvant should contain the PE.

Al the propolis preparations had a relative negative
effect on the cellular proliferation when compared with
the crude bacterin response. Although some studies has
shown the significant increase in cellularity in rabbits
injected with water soluble derivatives of propolis (53),
the PPS had the highest negative effect. Moreover, the
PF formulation showed the lowest one, indicating the
presence of toxic substances in the propolis extracts,
especially the polar ones, as previously noted. Ansorag
etal. (54) confirmed that T-cells were suppressed by the
different ethanol/chloroform as well as the aqueous
extracts of propolis. These inhibitory effects were due to
the presence of specific propolis components such as
caffeic acid phenethyl ester (CAPE), quercetin, and
hesperidin (55). The immune system response to the
propolis preparations did not follow the injection
schedule; this was attributed to the different tolerance
capacities to the toxins throughout the injection
schedule.

Although propolis proved to be a safe natural
product on animals’ body, it did not prove to be
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