MERIT RESEARCH JOURNALS

wiww meritresearchjournals. org

<>wvix xazals

B T T Y T T e S e E———

Merit Research Journal of Medicine and Medical Sciences (ISSN: 2354-323X) Vol. 11(9) pp. 199-206, September, 2023
Available online http://www.meritresearchjournals.org/mms/index.htm

Copyright © 2023 Author(s) retain the copyright of this article

DOI: 10.5281/zenodo.8350302

Original Research Article

Development and Evaluation of Gamma Irradiated Fowl
Cholera Mucosal Vaccine in Comparison with
Commercial Fowl Cholera Vaccine

Heba M. Soliman, Hala Mahmoud', Marwa Fathy EISayed, Reem A. Soliman, Maha A. Elshazly,
Mounir Elsafty

Abstract
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Fowl cholera is an avian bacterial disease caused by Pasteurella multocid
which causes economic losses due to mortalities which may reach 100%
and loss in body weight. The present work was designed to develop a novel
improved local gamma-irradiated inactivated fowl cholera vaccine candi-
date, which stimulates vaccinated chickens mucosal immunity with different
application routes to determine the most effective one. The antibody titers of
vaccinated chickens measured by ELISA was found to be increased 2 weeks
post vaccination until the third week, groups G3 and G3B which were
vaccinated with the prepared irradiated FC vaccine via the intraocular route
and they were the best as they recorded a titer of (399.528). On the fourth
week, groups vaccinated by intranasal and oral route revealed positive
immune status titers. The non-boosted group G4 was negative. Groups G3,
G4B and G3B recorded (501.632, 517.274 and 665.037) respectively. On the
fifth week, the antibody titers increased, but declined on the 6™ week for
groups G1, G2, G2B, G3 and G4 (257.746, 71.1541, 98.118, 395.339 and
230.759) but the titers increased for groups G1B, G3B, and G4B (483.433,
875.387 and 638.955). Complete protection was to the side of (0.3ml/dose)
intraocular vaccinated-boosted group. While the commercial formalized
vaccine was 90% for boosting group. Groups vaccinated-boosted by the
gamma-irradiated intranasal (0.3 ml) vaccine recorded 80%. In conclusion,
the study proved that gamma-irradiated 10O administrated vaccine is an
effective protective vaccine. Montanide gel ISA 71 is a suitable adjuvant to
enhance a protective immune response against FC.
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INTRODUCTION

Fowl cholera (FC) is an avian bacterial disease caused
by Pasteurella multocida. 1t causes economic losses due
to mortalities which may reach 100% in addition to a loss
in body weight (Glisson et al., 2008, Chrzastek et al.,
2012). Pasteurella multocida is a Gram-negative non-
motile, non-spore former, capsulated coccobacilli
(Purushothaman et al., 2008). FC Vaccination is the most
effective global strategy to protect the chickens from

getting the infection (Kardos and Kiss, 2005). Inactivated
formalized FC vaccines are used worldwide because of
their great advantages to protect chickens against a
homologous strain Pasteurella of pasteurella (OIE, 2012).
Evaluation and quality control of the vaccine mainly
depend on producing antibody titer post vaccination and
result of challenge test. The most common P. multocida
strain circulating in Egypt is serotype A1 and serotype A3
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(Wafaa et al, 2018). The available commercial FC
vaccine in Egypt is formalized oil adjuvant vaccine
prepared from serotype A1 and 3 to be used 8-10 weeks
of age with a booster dose at 16-17 weeks of age (Wafaa
et al., 2020).

Despite the important role of the current available FC
vaccine to control the disease burden, but it is still a big
challenge in poultry production in Egypt (Fan et al.,
2015). Owing to the available vaccine nature, it is
expected to induce poor mucosal immunity due to its
parenteral application. This explains the need for new
vaccine formulation to achieve the desired immune
response against such mucosal pathogen (Lycke, 2017).

The route of vaccination has a significant effect on the
vaccine performance. Literally, parenteral vaccination
induces low to no mucosal immunity which makes this
route less effective immunity against mucosal pathogens
(Miguel-Clopes et al., 2019). Additionally, administ-
ration of mucosal vaccines is easier than parenteral ones,
so it is preferred in large scale chickens vacci-
nation (Thanasarasakulpong et al., 2015). Moreover, the
parenteral needs booster doses to overcome the
low mucosal immunity with the produced humeral
immunity.

On the other hand, mucosal vaccines are known by its
capability to elicit long-lived cellular immunity and
humoral (Poolperm et al., 2018) which means there is a
need to produce protective immunogenic mucosal
vaccine against mucosal microorganisms. Commonly
formalin is widely used to inactivate most of bacterial
pathogens but it has many disadvantages as limited
vaccine safety and less immunogenic due to
modifications which may occur to the bacterial antigenic
components making the vaccine less potent (Woodrow et
al., 2012).

Recently, gamma rays were proved to be a potential
tool for pathogens inactivation and sterilization in
biological reagents manufacture and laboratories scale
(Seo, 2015). Bacterial exposure to optimum amounts of
gamma radiation is able to disrupt its genetic material
and hinder the replication process. This makes the
bacteria unable to make its usual infection, but it yet has
some metabolically active residues, so the irradiated
bacteria can easily find its predilection seat in its natural
host and be effectively immunogenic (Fertey et al., 2020).
The main advantage of using gamma radiation for
vaccine production is its power to penetrate the biological
matters effectively targeting the nucleic acids with least
surface antigen protein damage. This makes gamma
radiation preferable for developing safe vaccine simply
(Bayer et al, 2018). Additionally, gamma-irradiated
vaccines seem to be more durable (Syaifudin et al.,

2011).
Moreover, addition of Montanide ISA71 to the
prepared vaccine formulation as an adjuvant

result in improved efficacy as Montanide ISA71 is
known to help the vaccine to induce stronger, higher long

lasting immune response when compared to ordinary oil
adjuvants. Also Montanide ISA71 is able to stimulate both
humoral and cellular immune response which in-turn
makes the vaccine more potent (Ibrahim et al., 2017).

Accordingly, the present work was designed to
develop a novel improved local gamma-irradiated
inactivated fowl cholera vaccine candidate, which
stimulates vaccinated chickens mucosal immunity with an
easy application route, in addition to comparing it with the
commercial vaccine.

MATERIAL AND METHODS
Bacterial Seed

A well-identified (phenotypic and molecular identification)
Pasteurella multocida serotype A was kindly obtained
from the Reference Strain Bank (RSB), Central Lab-
oratory for Evaluation of Veterinary Biologics (CLEVB),

Egypt.

Preparation of Fowl Cholera vaccine

Lyophilized Pasteurella multocida serotype A bacterial
seed was diluted and homogenized by 2 ml of tryptose
soya broth (TSB) then inoculated on tryptose soya agar
with 10% horse serum with overnight incubation at 37°C
to pick up a single colony into 2 ml of TSB containing
10% horse serum with 7 h incubation at 37°C. Later on,
0.5 ml was poured on 30 ml TSB of 10% horse serum
with overnight incubation at 37°C (National Veterinary
Institute/SOP, 2017). The obtained culture was adjusted
to be 5.6x10° CFU/m. At this point, the culture was ready
for vaccine preparation.

The culture was centrifuged at 4,000xg /min at 4°C for
twenty minutes. The pelleted cell was washed by PBS
and suspended equally with PBS to be subjected to 1
kGy gamma irradiation for one hour at 37°C (Dessalegn
et al., 2021). Three samples were exposed to °Co
source at variable gamma -ray doses of constant Gray.
Irradiation was performed using gamma ray irradiator
model CM-20 at the cyclotron facility of the Egyptian
Atomic Energy Authority. The certified dose rate was 0.5
kGy/h. The irradiated culture was kept at 4°C with control
non-irradiated one.

The prepared irradiated culture was adjuvanted with
20% Montanide ISA 71 gel (Seppic France) in a ratio of
29/71 as a final step of vaccine preparation, Montanide
TMO1 Gel Ready to Use Aqueous Polymeric Adjuvant for
Veterinary Vaccines (2021).

Quality control of the irradiated prepared vaccine

It was performed according to Egyptian Standard
Regulations for Evaluation of Veterinary Biologics (2017).



Table 1. Groups vaccination and challenge schedule

Group

Age of Vaccination and challenge
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3 Weeks 6 Weeks 9 Weeks
G1 Prepared vaccine-I/N - -
G1B Prepared vaccine-I/N Booster -
G1C Prepared vaccine-I/N - Challenge
G1BC Prepared vaccine-I/N Booster Challenge
G2 Prepared vaccine-oral - -
G2B Prepared vaccine- oral Booster -
G2C Prepared vaccine- oral - Challenge
G2BC Prepared vaccine- oral Booster Challenge
G3 Prepared vaccine- 1/0O - -
G3B Prepared vaccine- 1/0 Booster -
G3C Prepared vaccine- 1/0 - Challenge
G3BC Prepared vaccine- 1/0 Booster Challenge
G4 Commercial vaccine- S/C - -
G4B Commercial vaccine- S/C Booster -
G4C Commercial vaccine- S/C - Challenge
G4BC Commercial vaccine- S/C Booster Challenge
G5 Control non vaccinated Non Non

To confirm that the Pasteurella was completely
inactivated, blood agar plates were inoculated with the
irradiated vaccine with 24 h of incubation at 37°C, the
freedom from visible colonies after 3 consecutive
passages meant complete bacterial inactivation
(Completion of Inactivation Test).

The prepared Pasteurella vaccine was also tested for
purity by culturing on tryptose agar to detect bacterial
contamination after 24 h at 37 °C and also was plated on
Sabouraud dextrose agar to assure the absence of fungal
contamination after incubation at 25°C for 7 days.
Concerning vaccine safety, ten specific pathogen free
(SPF) chicks (3 weeks) were vaccinated with a double
vaccinal dose of each vaccination route (intranasal “I/N”,
Oral, intraocular “I/O” and S/C) with the 14 day
observation period.

Experimental design

Seventeen groups of SPF 3 week old chicks (30 per
each) were obtained from the SPF Farm at Koom
Osheem, Fayoum Province, Egypt and used for the
experiment. The chicks were housed in Biosafety
insulators' and divided according to the following design
(Table 1). The groups vaccinated with the prepared
vaccine received 0.3ml dose (with different routes) but
the group vaccinated with the commercial one was
injected S/C with 0.5 ml/dose according to manufacturer’s
recommendations.

Blood samples were collected every week for 6 weeks
post vaccination for serum separation which was stored
at -20°C for testing by ELISA.

Evaluation of protective efficacy of the prepared and
commercial Fowl Cholera Vaccines by challenge test

Groups (1C, 1CB, 2C, 2CB, 3C, 3CB, 4C and 4CB) were
challenged at the sixth week post vaccination (9 weeks of
age) with 3.5x10° CFU/ml P. multocida intranasally (I/N)
with 14 days of observation. Dead birds were examined
for gross lesions of internal organs (lung, liver and
spleen) and bacterial re-isolation from culled birds at the
14" day post challenge. The protection percentages were
recorded according to mortality percentage, gross lesions
of internal organs of dead birds (congested edematous
lung, petechial hemorrhage in the liver, intestinal
hemorrhage, splenomegaly and peritonitis) and finally re-
isolation of from culled birds (Bayer et al., 2018).

Measurement of vaccine antibody levels (humoral
immune response) post vaccination

Serum samples from group G1 to G5 were tested for
Pasteurella multocida titer by indirect ELISA kit (PMS-
chick ver 0916 EN). The test was applied according to
the manufacturer’s instructions and S/P ratio was
calculated as following equation:
SXI _ GDSnmpie ODNC

P~ ODp.— 0D,
OD: Optical Density
NC: Negative Control
PC: Positive Control
An antibody titer of each sample was calculated by the
following equation.
Log;, titer = 1.09 x logyo (S/P) + 3.360
Titer = Antilog log, titer
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Table 2. Humoral immune responses against P. multocida using ELISA to determine P. multocida antibody

titer in vaccinated chickens

groups Weeks post vaccination
1§t 2na 4th 5th Gfﬁ

G1 80.062 100.396 260.211 275.044 322.437 257.746
G1B 80.062 100.396 260.211 322.437 372.955 483.433
G2 4.889 47.162 75.597 111.847 139.714 71.154
G2B 4.889 47162 75.597 77.827 196.789 98.118
G3 144.406 199.200 399.528 501.632 588.135 395.339
G3B 144.406 199.200 399.528 665.037 735.581 875.387
G4 137.373 163.298 250.362 322.437 360.211 230.759
G4B 137.373 163.298 250.362 517.274 548.675 638.955
G5 2.155 2.150 2.100 2.135 2.156 2.170

Test interpretation

S/P = 0.2 or ELISA antibody titer < 396 immune status
was negative
S/P > 0.2 or ELISA antibody titer > 396 immune status
was positive
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RESULTS

The commercial and prepared vaccines were confirmed
for their freedom from contamination and safe to be used.

Measurement of vaccines antibody levels (humoral
immune response) post Fowl Cholera vaccination

Antibody titers of all collected serum samples were
measured by an indirect ELISA and recorded in Table
(2). The levels of antibody titers of vaccinated chickens
were found to be gradually increased 2 weeks post first
vaccination for both the prepared gamma-irradiated
vaccine (different routes) and commercial vaccine. All
groups recorded a high increase high at the third week
pvaccination, but but still the immune status was
considered negative except groups G3 and G3B which
were vaccinated with the prepared irradiated FC vaccine
via the intraocular route (I/O) as they recorded a titer of
(399.528).

On the fourth week, neither groups vaccinated by
intranasal route nor the groups vaccinated by oral route
revealed positive immune status titers. Also the non-
boosted group G5 was still negative. On the other hand,
groups G3, G3B and G4B were the best where they
recorded (501.632, 665.037 and 517.274) respectively.

On the fifth week, the antibody titers followed its
increase nearly by the same pattern and started to
decline on the sixth week for groups G1, G2, G2B, G3
and G4 (257.746, 71.154, 98.118, 395.339 +ve and
230.759) but the titers increased for groups G1B, G3B,
and G4B (483.433, 875.387 and 638.955) as shown in
Table (2) and Figure (1).

Protective Efficacy of prepared and commercial Fowl
Cholera Vaccines post challenge

Protection rates of chicken groups vaccinated with
prepared Fowl Cholera Vaccine and the commercial
formalized one at 3° weeks post challenge were
recorded in Table (3). Completely protected chickens
from fowl cholera infection were to the side of
(0.3ml/dose) intraocular vaccinated-boosted  group
(G3BC). While the protection percentage of the chickens
vaccinated and boosted the commercial formalin-
inactivated vaccine was 90% (G4BC), but in those
vaccinated-boosted by the gamma-irradiated intranasal
(0.3 ml) vaccine was 80% (G1BC).

Post challenge Pasteurella re-isolation and

macroscopic gross lesions

The dead chickens along the experiment had the most
fowl cholera characteristic lesions such as congested
lung and liver, splenomegaly, and peritonitis (Figure 2).
These findings were supported by bacterial re-isolation of
P. multocida which revealed recovery of P. multocida
from all dead birds' samples.
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Figure 1. Six weeks Post vaccinal P. multocida antibody titers using ELISA test

Table 3. Protection percentages of vaccinated chickens post P. multocida challenge
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Groups Mortality (n=10) Protection percent
G1C 6 40

G1BC 2 80

G2C 8 20

G2BC 8 20

G3C 4 60

G3BC 0 100

G4C 4 60

G4BC 1 90

G5 10 (within 5 days) 0

Figure (2) : Pasteurella multocida gross lesions post-challenge
(A) Edematous spleen (B, C, D, E, F, G and H) Congested lung from different challenge groups
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DISCUSSION

Fowl cholera is a disease which is caused by P.
multocida infection. It is a contagious worldwide avian
disease affecting poultry industry (Wubet et al., 2019).
Vaccination is the best control method to protect poultry
flocks from getting infection. It also provides a long term
protection (Harper and Boyce 2017).

The current study aimed to develop a gamma
irradiated mucosal vaccine against FC. Mucosal vaccines
known to be suitable for mass vaccination with less
stress effect when compare it to ordinary parenteral
routes. Economically, it needs low labor requirements
and short time (Thanasarasakulpong et al., 2015).

Choosing of gamma irradiation as an alternative
method for inactivation of P. multocida is based on its
penetrability into the bacteria leading to a large
inactivation volume with short period. Bacterial
inactivation by gamma radiation mainly depends on
damaging the bacterial nucleic acid which was reported
previously to be the primary target of gamma rays without
damaging the epitopes required for protective immune
response production (Sahar et al., 2015, Jwa et al., 2018,
Fertey et al., 2020, Dollery et al., 2021).

From the study results, the application of prepared
vaccine by the intraocular and intranasal routes could
induce higher antibody response than the commercial
vaccine as the gamma radiation was able to inactivate P.
multocida successfully without affecting the bacterial
antigenic structure to give a strong fast immune
response. On the other hand, the commercial formalized
vaccine just induced the methylene bridges formation of
amino acids causing cross liking of protein and antigenic
effect (Thavarajah et al., 2012).

Inactivation by gamma-radiation could induce serum
IgG in chickens (Varinrak et al., 2017). The study finding
indicates that the serum antibody titers increased 3
weeks post-vaccination, but clear titer shooting was
reported at 5" and 6" weeks post-vaccination. This
finding came in agreement with that recorded by Tuasikal
et al. (2012), Poolperm et al. (2018) and Dessalegn et al.
(2021) who mentioned that intranasal and intraocular
gamma-irradiated vaccines induced higher immune
response and protective efficacy against many
intracellular and extracellular bacteria. Also Mahmoud et
al. (2016) recorded that the irradiated developed
vaccines strongly induced immune responses which
confirmed the powerful effect of these vaccines.

Also the high levels of P. multocida antibody may be
due to preserved high immunogenic activity of antigenic
protein even post radiation treatment. However,
commercial formalin inactivation vaccine could make
cross-linking of different amino acid residues leading to
low immunogenic response (Babb et al., 2016).

Moreover, Montanide gel ISA 71 was selected as an
adjuvant known to improve the vaccine efficacy.
Montanide gel ISA 71 composed very stable sodium

polyacrylate particles (Damiana et al., 2019) which depot
slow release effect due to property of polymer adsorption
so it can improve the elicit of innate immune response of
the vaccine. Accordingly, systemic and mucosal immune
responses are enhanced significantly with a good and
safe performance (Jafari et al., 2017). Based on the study
results, using Montanide gel 71 for vaccine preparation
resulted in better immunogenic protective effect when
compared to commercial formalin-inactivated vaccine.

Regarding the efficacy, intraocular vaccination of the
gamma-irradiated vaccine resulted in full protection of
vaccinated group when compared by the intranasal and
oral routes, immunization via oral and intranasal route
resulted in lower efficacy. Because of production of local
IgA in the mucosal airways, as it is the natural infection
route of P. multocida (Jwa et al., 2018).

CONCLUSION

In conclusion, the study proved that gamma-irradiated 1/0
administrated vaccine is an effective protective vaccine.
Montanide gel ISA 71 is a suitable adjuvant to enhance a
protective immune response against FC.

Author Contributions

Conceptualization: Mounir Elsafty, Heba Soliman.

Data curation: Hala Mahmoud, Marwa Fathy, Reem
Soliman.

Formal analysis: Maha Elshazly, Hala Mahmoud.
Investigation: Reem Soliman, Marwa Fathy.
Methodology: Mounir Elsafty, Hala Mahmoud, Marwa
Fathy, Reem Soliman, Heba Soliman.

Supervision: Mounir Elsafty.

Validation: Maha Elshazly.

Visualization: Marwa Fathy, Reem Soliman.

Writing — original draft: Hala Mahmoud, Heba Soliman .
Writing-review and editing: Mounir Elsafty, Hala
Mahmoud, Marwa Fathy, Reem Soliman, Maha Elshazly.

ACKNOWLEDGMENT

All authors are thankful and to grateful the Central
Laboratory for Evaluation of Veterinary Biologic staff,
A.H.A. EImekawy Cyclotron Project, Nuclear Research
Center, Egyptian Atomic Energy Authority, Cairo, Egypt,
for their appreciated support and cooperation.

REFERENCES

Babb R, Chen A, Hirst TR, Kara EE, McColl SR, Ogunniyi AD, et al.
(2016): Intranasal Vaccination With-Irradiated Streptococcus
Pneumoniae Whole-Cell Vaccine Provides Serotype-Independent
Protection Mediated by B-Cells and Innate IL-17 Responses. Clin
Sci, 130 (9): 697-710. doi: 10.1042/CS20150699.



Bayer L, Fertey J, Ulbert S and Grunwald T. (2018): Immunization
with an Adjuvanted Low-Energy Electron Irradiation Inactivated
Respiratory Syncytial Virus Vaccine Shows Immune Protective
Activity in Mice. Vaccine, 36: 1561-9. doi: 10.1016/j.
vaccine.2018.02.014.

Chrzastek K, Maciej K, Anna KW, Karolina JB and Alina W. (2012):
Molecular epidemiologic investigation of Polish avian Pasteurella
multocida strains isolated from fowl cholera outbreaks showing
restricted geographical and host-specific distribution. Avian Dis,
56 (3): 529-36.

Damiana T, Portuondo D, Loesch M, Batista-Duharte A and Carlosl
1Z (2019): A Recombinant Enolase-Montanide TM Petgel a
Vaccine Promotes a Protective Thl Immune Response
Against a Highly Virulent Sporothrixschenckii by Toluene
Exposure. Pharmaceutics, 11: 144. doi: 10.3390/ pharmaceutics
11030144

Dessalegn B, Bitew M, Asfaw D, Khojaly E, Ibrahim SM, Abayneh T,
Gelaye E, Unger H and Wijewardana V (2021): Gamma-Irradiated
Fowl Cholera Mucosal Vaccine: Potential Vaccine Candidate for
Safe and Effective Immunization of Chicken Against Fowl
Cholera. Front. Immunol., 12: 768820. doi: 10.3389
/fimmu.2021.768820.

Dollery J, Zurawski V, Gaidamakova E, Matrosova V, Tobin J,
Wiggins T, et al. (2021): Radiation-Inactivated Acinetobacter
baumanniivaccine Candidates Vaccines, 9 (2): 1-16. doi:
10.3390/vaccines9020096.

Egyptian Standard Regulations for Evaluation of Veterinary Biologics,
3" edition. (2017).

Fan YC, Chiu HC, Chen LK, Chang GJ and Chiou SS (2015):
Formalin Inactivation of Japanese Encephalitis Virus Vaccine
Alters the Antigenicity and Immunogenicity of a Neutralization
Epitope in Envelope protein domain. PLoS Negl. Trop. Dis., 9: 10.
doi: 10.1371/journal.pntd.0004167

Fertey J, Bayer L, Kahl S, Rukiya M, Burger-Kentischer A, Thoma M,
et al. (2020): Low-Energy Electron Irradiation Efficiently
Inactivates the Gram-Negative Pathogen Rodentibacter pneumo-
tropicus New Method for the Generation of Bacterial Vaccines
With Increased Efficacy. Vaccines, 8: 1-9. doi: 10.3390/
vaccines8010113

Glisson JR, Hofacre CL, Christensen JP. (2008) : Fowl cholera. In:
Saif YM, Fadly AM, eds. Diseases of poultry. 12th ed. Ames,
Iowa: Blackwell Publishing, 739-58.

Harper M and Boyce D. (2017): The Myriad Properties of Pasteurella
multocida Lipopolysaccharide. Toxin, 9: 254. doi: 10.3390/
toxins9080254.

Ibrahim HM, Abd El-Aziz WR, El Sawy H, Sayed RH and
Mohammed GM (2017): Efficacy of Combined Vaccine against
Salmonellosis and Infectious Coryza in Poultry. J. World Poult.
Res., 7 (3): 145-153.

Jafari M, Moghaddam M, Taghizadeh M, Masoudi S and Bayat Z
(2017): Comparative Assessment of Humoral Immune Responses
of Aluminum Hydroxide and Oil-Emulsion Adjuvants in Influenza
(H9N2) and Newcastle Inactive Vaccines to Chickens. Artif Cells
Nanomed Biotechnol, 45: 84-9. doi: 10.3109/ 2169
1401.2015.1129626

Jwa MY, Jeong S, Ko EB, Kim R, Seo HS, Yun C, et al. (2018):
Gamma-Irradiation of Streptococcus Pneumoniae for the Use as an
Immunogenic Whole Cell Vaccine. J Microbiol, 56 (8): 579-85.
doi: 10.1016/j.micpath.2018.08.015.

Kardos G, and Kiss I. (2005): Molecular epidemiology investigation
of outbreaks of fowl cholera in geographically related poultry
flocks. J Clin Microbiol, 43 (6): 2959-61.

Lycke N. (2017): Recent Progress in Mucosal Vaccine Develop-
ment: Potential and Limitations. Nat Rev Immunol. 12: 592. doi:

Soliman et al. 205

10.1038/emm.2014.2.

Mahmoud HI, Makharita MA, Abbas N. (2016): Comparison Between
Protective Immunity Induced by Gamma-Irradiated Brucel
laabortus Field Strain and Commercial Brucella abortus Strain 19
in Mice. Intl J Microbiol Res, 7: (3): 114-9. doi: 10.5829
/idosi.ijmr.2016.114.119.

Miquel-Clopes A, Bentley EG, Stewart JP and Carding SR (2019):
Mucosal Vaccines and Technology. Clin Exp Immunol, 196: 205—
14. doi: 10.1111/cei.13285.

National Veterinary Institute/SOP (2017): Fowl Cholera Vaccine
Production NVI Standard Operational Procedure. Debre zeit,
Ethiopia, 1-7.

OIE Manual of diagnostic tests and vaccines for terrestrial animals
(2012): Fowl cholera 7th ed. Paris: Office International des
Epizooties (OIE) 500-5.

Poolperm P, Apinda N, Kataoka Y, Suriyasathaporn W, Tragoolpua
K, Sawada T, et al. (2018): Protection Against Pasteurella
multocida Conferred by an Intranasal Fowl Cholera Vaccine in
Khaki Campbell Ducks. Japanese J Veterinary Res, 66 (4): 239—
50. doi: 10.14943/jjvr.66.4.239.

Purushothaman V, Jayathangaraj T, Prabhakar G, Prabhakar P. (2008):
Incidence of avian pasteurellosis in wild geese in captivity. Tamil
Nadu J Vet Anim Sci, 4 (5): 195-97.

Sahar A, Basem S, Ahmed G, Mahmoud I, Waleed N, Abdel-Rahim
EA (2015): Development of Gamma Irradiation Vaccine Against
Mannheimia haemolytica. Res J Immunol, 8 (1): 17-26. doi:
10.3923/1ji.2015.17.26.

Seo HS (2015): Application of Radiation Technology in Vaccines
Development. Clin Exp Vaccine Res, 4 (2): 145. doi:
10.7774/cevr.2015.4.2.145.

Seppic Technical Bulletin, Montanide TMO1 Gel Ready to Use
Aqueous Polymeric Adjuvant for Veterinary Vaccines (2021).
Available at: WWW. Seppic.Combhttps://www.seppic.com/sites/
seppic/files/2017/02/28/seppicmontanide. pdf.

Syaifudin M, Tetriana D and Nurhayati S (2011): The Feasibility of
Gamma Irradiation for Developing malaria vaccine. Atom
Indonesia, 37 (3): 91-101. doi: 10.13170/ ajas.4.1.13558.

Thanasarasakulpong A, Poolperm P, Tankaew P, Sawada T and
Sthitmatee N (2015): Protectivity Conferred by Immunization
With Intranasal Recombinant Outer Membrane Protein H From
Pasteurella Multocida Serovar a:1 in Chickens. J Veterinary Med
Sci, 77 (3): 321-6. doi: 10.1292/jvms.14-0532.

Thavarajah R, Mudimbaimannar VK, Elizabeth J, Rao UK and
Ranganathan K (2012): Chemical and Physical Basics of Routine
Formaldehyde Fixation. J Oral Maxillofac Pathol, 16: 400-5. doi:
10.4103/0973-029X.102496.

Tuasikal BJ, Wibawan F, Pasaribu H and Estuningsih S (2012):
Bacterial Protein Characterization of Streptococcus Agalactiae by
SDS-PAGE Method for Subclinical Mastitis Irradiated Vaccine
Materials in Dairy Cattle. Atom Indonesia, 38: 66-70. doi:
10.17146/aij.2012.162.

Varinrak T, Poolperm P, Sawada T and Sthitmatee N (2017): Cross-
Protection Conferred by Immunization With an Romph-Based
Intranasal Fowl Cholera Vaccine. Avian Patho, 46: 515-25. doi:
10.1080/03079457.2017.1321105.

Wafaa AA, Hanan AA and Ali ZQ (2018): Characterization of
Pasteurella multocida in different Egyptian chicken flocks. J
Anim Plant Sci, 28 (6): 1693-1700.

Wafaa Abd El-Ghany Abd El-Ghany, Hanan Ali Ahmed, Ali Zaher
Qandoos, and Mohamed Abd El-Rahman Bosila (2020): The
efficacy of vaccination of layer chickens with inactivated fowl
cholera bacterin prepared from local Egyptian strains of
Pasteurella multocida. Slov Vet Res, 57 (4):169-78 DOI
10.26873/SVR-1000-2020.



206 Merit Res. J. Med. Med. Sci.

Woodrow KA, Bennett KM and Lo DD (2012): Mucosal Vaccine
Design and Delivery. Annu Rev Biomed. Eng, 14:17-46. doi:
10.1517/ 17425247.2013.740008.

Wubet W, Bitew M, Mamo G, Gelaye E, Tesfaw L, Sori H, et al.
(2019): Evaluation of Inactivated Vaccine Against Fowl Cholera

Developed From Local Isolates of Pasteurella multocida in
Ethiopia. Afr J Microbiol Res, 13: 500-9. doi: 10.5897/AIM
R2019.9096.



