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Abstract: This studywas carried outto evaluate the efficacy of vaccination of layer chickens with inactivated FC bacterin prepared
from local Egyptian strains of Pasteurella multocida (P. multocida). A total of 200 layer chickens were divided into 5 equal groups,
40 for each. At the age of 6 weeks, chickens in groups (A) and (B) were vaccinated with P multocida serotypes A:1 and A:3, respec-
tively, booster doses were given after 3 weeks (9 weeks old) and challenge was done with virulent serotypes A:1 and A:3 at 2 weeks
later (11 weeks old). Chickens in groups (C) and (D) were not vaccinated, only challenged with P multocida serotype A:1 and A:3, re-
spectively. Birdsingroup (E) were keptas non-vaccinated and non-challenged. Blood samples were collected weekly fromall groups
forhumoralimmune response. All the birds were kept under observation for signs, mortalities, lesions and re-isolation of challenging
organism and for histopathological examination. Results of the mean Enzyme Linked Immuno-Sorbent Assay (ELISA) revealed that
the highest level was at 5 weeks post vaccination as the titers reached to 3970 in group (A) and 3905 in group (B). The clinical signs,
mortality rate and lesions were mild in the vaccinated birds while severe lesions were in non-vaccinated and challenged birds. The
protection rates were 85 % and 80 % in groups (A) and (B); respectively, while 10 % and 20 % in groups (C) and (D); respectively. The
re-isolation rates of P multocida after challenge were 95 % and 90 % in non-vaccinated-challenged birds with P multocida serotypes
A:1 and A:3; respectively, while they were 25 % and 15 % in vaccinated-challenged groups with P multocida serotypes A:1 and A:3;
respectively. Histopathological examination of P multocida vaccinated-challenged birds revealed mild to no microscopic lesions
when compared with non-vaccinated challenged chickens. In conclusion, the prepared FC inactivated bacterin from the local Egyp-

tian predominant P multocida serovars proved efficacy and protection of layer chickens.
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Introduction P. multocida is considered as Gram-negative
coccobacilli, non-motile and non-spore former

Fowl cholera (FC) is a bacterial disease and capsulated organism (8).
of domestic and wild birds that causes high Vaccination against FC is considered as one of

economic losses including; deaths, weight losses the most important worldwide strategy to decrease
the incidence of infection (9, 10). Globally, living

and inactivated (bacterin) vaccines are being
used to immunize birds against FC (4, 11). Living
attenuated vaccines have advantages regarding

than young broilers because of age factors (5, good protection with long immunity as well as
6). Infection with FC is caused by Pasteurella cross-protection against P. multocida of different

multocida (P. multocida) micro-organism (7). serotypes or surface lipop.o¥y saccharide (LPS)
structures (12). However, living attenuated FC

Received: 26 Novermber 2019 vaccines may lack of maintainable and sustainable
Accepted for publication: 25 March 2020 attenuation methods and/or instability which may

and condemnations (1-3). Mortalities related to
FC infection in layer chickens may range from
few percentages up to 100 % (4). The incidence
of FC is more common in mature layer chickens
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lead to risk of returning their virulence. Therefore,
inactivated FC bacterins are widely used as there is
no chance of the vaccines reverted to virulence and
cause the disease (13). In this regard, inactivated
FC bacterins have comparative advantages over
the living vaccines and are thus favored to protect
chickens against infection caused by homologous
P. multocida strains (14).

Bacterins used for prevention of FC provide
homologous but not heterologous protection (15).
Immunogenic local strains of P. multocida should
be selected as the ideal strains to prepare effective
bacterin (16). There are 16 different serovars of P.
multocida and the most common types associated
with FC outbreaks are serovars 1, 3 and 4.
Evaluation and quality control of the efficacy of
locally prepared FC bacterin are based mainly
on inactivation of P. multocida serovars, followed
by vaccination and challenge test by which the
protective indices are measured.

According to FAO report, Egyptian poultry
production systems are varying from rural very
small-scale, extensive poultry production to
highly intensive systems with over 70,000 birds
per house in industrial commercial systems. The
meat production or broiler sector has a pyramid
structure; with grandparents at the top of the
pyramid, the broilers at the bottom and the broiler
breeders in between the two. Egypt is 100 % self-
sufficient from table eggs as it produces nearly 13
billion commercial table eggs annually.

Some studies have been conducted in Egypt
considering the situation of P. multocida infection
in layer, breeder and broiler chicken flocks.
Researches indicated that the most common
circulating P. multocida serotypes that circulating
in Egyptian flocks are types A:1 and A:3 causing
severe economic losses in back yard as well as
layer and breeder chicken flocks (17-20).

There is available commercial inactivated
oil adjuvant bacterin used for vaccination of
Egyptian layer and breeder chicken flocks against
FC. This bacterin was prepared from local P.
multocida serotypes A:1 and A:3 strains and
used at age of 8-10 weeks and boostered at 16-
17 weeks. However, the bacterin doesn’t confer
complete protection of flocks against P. multocida
infection. Therefore, from time to another, trials
have been done to prepare and test the efficacy
of using locally prepared FC bacterin from the
predominant circulating P. multocida serovars in
chickens (21-23).

Accordingly, this work was designed to evaluate
the efficacy of vaccination of layer chickens with
inactivated FC bacterin prepared from local
Egyptian strains of P. multocida.

Materials and methods

Experimental design:

A total of 200, day-old layer chickens was
obtained from local hatcheries and reared on
thoroughly cleaned and disinfected semi closed
houses for 13 weeks. Birds were vaccinated using
standard protocol for vaccination. Feed and water
was given ad libitum. At 6 weeks old chickens,
birds were divided into 5 equal groups 40 for
each. Groups (A) and (B) were vaccinated with
0.5 ml I/M with P. multocida serotypes A:1 and
A:3; respectively, booster doses were given after 3
weeks (9 weeks old), and challenge was done orally
with virulent serotypes A:1 and A:3 at 2 weeks
later (11 weeks old). Chickens in groups (C) and
(D) were not vaccinated and challenged with P.
multocida serotype A:1 and A:3; respectively. Birds
in group (E) were kept as non-vaccinated and non-
challenged. The experiment was done according
to the National Guidelines and Regulations on
Animal Welfare and Institutional Animal Ethical
Committee (IAEC) of Cairo University with
approval number (CUII F 100 18).

Preparation of inactivated bacterin from
the predominant P. multocida local strains

Local P. multocida strains serotypes (A:1 and
A:3) that were isolated from different Egyptian
governorates were used. The used P. multocida
strains were previously serologically and
molecularly identified (20). Inactivated bacterin
was prepared according to method described
by Borkowska-Opacka et al. (24). Simply, P.
multocida strains were grown in brain heart
infusion broth at 37°C for 16-24 hr to obtain a
dense culture containing approximately 108
CFU of each strain. Formalin was added to the
culture in final concentration of 0.2 % and the
formalized culture was re-incubated at 37°C for
24 hr to ensure complete bacterial inactivation.
Two percent of aluminium hydroxide gel was
added in concentration of 20 % and was mixed
well with the culture. Cultures were equally mixed
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together. The bacterin was standardized to contain
108 CFU/0.5ml dose. Finally, the bacterin was
preserved with 0.01 % of thiomersal and stored
at 4 C° until use. The quality control parameters
of the locally prepared bacterin were sterility,
safety and potency test (25). Briefly, the prepared
bacterin was inoculated on bacteriological and
mycological media to prove its sterility or purity
from any bacterial or fungal contaminations. In
addition, 0.5 ml of the prepared bacterin was
inoculated in 5 chickens and the birds were kept
under observation for a weeks to ensure that the
bacterin induced no adverse effects like signs,
lesions or mortalities. The potency test was applied
by collection of blood samples and measuring of
immunological parameters.

Vaccination scheme

Primary vaccination was done at the age of
6 weeks, 0.5 ml of the prepared inactivated P.
multocida bacterin containing 10® CFU/0.5 ml
was inoculated intramuscular (I/M) into the thigh
region in chickens of groups (A) and (B). Booster
vaccination was done at 9 weeks of age (3 weeks
after primary vaccination) (24).

Challenge test with virulent P. multocida

Serovars of P. multocida that were used for
bacterin preparation were used for chickens
challenge. Both vaccinated and non-vaccinated
chickens (groups A, B, C and D) were challenged
I/M with virulent P. multocida serotypes A:1l
and A:3 separately at 2 weeks after booster
vaccination (11 weeks old) in a dose of 0.1 ml of
bacterial suspension/bird containing 107/ml that
inoculated I/M (26).

Parameters for evaluation of inactivated P.
multocida bacterin in chickens

Immunological parameters:

Detection of humeral immune response of
vaccinated and challenged birds was done using
Enzyme Linked Immuno-Sorbent Assay (ELISA).
Commercial ELISA kit (ID-VET) was used and the
test was done as manufacturer’s instructions.
Blood samples were collected from the wing
vein of birds in each group pre-vaccination and
weekly after vaccination till the end of the study

to determine the serum antibody titer of chickens.
The results of antibody titers were determined
from S/P ratio

S _ (Sample mean — negative control)
P~ (positive control-negative control)

Log,, Titer= 1.09 (log,, S/P) + 3.36

Clinical parameters

The clinical signs, mortality rate and post-
mortem lesions specific for P. multocida were
recorded in groups two weeks post challenge for
measuring bacterin protection rate.

(Number of living birds)
(Total number of birds )

The Protection rate (%) =

Re-isolation rate

Liver was collected from dead as well as
sacrificed living birds at the end of the study in
each group for P. multocida re-isolation. It was
done by inoculation of the liver on blood agar
media and then by morphological and biochemical
identification (27-29).

Histopathological examination

Three chickens from each group were sacrificed
by cervical dislocation at the end of study (13
weeks old) for histopathological examination and
tissue specimens were collected from heart, liver
and spleen and then fixed in 10% formol saline
solution. After proper fixation, the specimens
were dehydrated in ascending grades of ethanol
from 70 % to 100 %, diluted in alcohol (methyl,
ethyl and absolute ethyle), cleared in xylol and
manually embedded in paraffin at 56°C in hot air
oven for 24 hr. Thin tissue sections, 5 um thick
were cut from paraffin blocks and stained with
Hematoxylin and Eosin (HE) for histopathological
examination through the light microscope (30).

Results and discussion

Fowl cholera is one of the most important
problem facing poultry industry, so vaccination
against the disease is practiced as preventive
measures in many countries of the world including
Egypt (31). Both live and inactivated P. multocida
vaccines had been attempted to prevent the disease
(4). Inactivated P. multocida vaccines are widely
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used as the organisms do not have chance to be
reverted to virulence to cause the disease (13).

In the present work, an inactivated local bacterin
was prepared using P. multocida field strains and
its efficacy was determined. The quality control
assessment of the prepared P. multocida bacterin
showed it was sterile and free from any bacterial or
fungal contaminations and it was safe as it didn’t
produce any local or systemic reactions as well as
no mortalities in inoculated birds.

Table (1) shows the potency of the locally
prepared P. multocida bacterin through determining
the humoral immune response using ELISA. In
both groups (A) (vaccinated and challenged birds
with P. multocida type Al) and (B) (vaccinated
and challenged birds with P. multocida type A3),
the mean ELISA antibody titers increased from
(80) pre-vaccination level to reach (2260) and
(2010) at the 3™ week after primary vaccination;
respectively, however, two weeks after secondary
vaccination, the antibody titers reach (4350) and
(3980) respectively, then declined to (2998) and
(2679) one week after challenge then increased to
(3970) and (3905) at two weeks after challenge,
respectively. Results of the mean ELISA antibody
levels in controls groups (C) (non-vaccinated
and challenged birds with P. multocida type A:1)
and (D) (non- vaccinated and challenged birds
with P. multocida type A:3) were 60-80 before
challenge and then increased to (95) at two weeks
after challenge. Group (E) (non-vaccinated-non
challenged control) showed steady mean ELISA

antibody levels (65-80). Solano et al. (32) developed
ELISA assay to determine the humoral immune
response of chicken to P. multocida and compared
the results with indirect haemagglutination
(IHA) test as they concluded that the antibody
titers measured by ELISA was at least twice as
sensitive as IHA. Furthermore, Avakian et al. (33),
Perelman et al. (9) and Esmaily et al. (34) recorded
that polyvalent FC oil-based bacterin induced
a high antibody titer in broiler breeder hens
measured by ELISA technique. In addition, Jabbri
and Moazeni Jula (35) stated that inactivated
trivalent FC vaccine consisted of serotypes 1, 3
and 4 P. multocida strains induced immunogenic
response in vaccinated chickens, as ELISA assay
showed a considerable increase in antibody titer
after twice vaccination of 8 weeks old chickens.
Birds vaccinated two or three times between
the ages of 7 and 20 weeks became sufficiently
immune tolerated to FC challenge, while those
were not vaccinated or only vaccinated at the
age of 7 weeks were not sufficiently immunized
using ELISA (36). The results of humoral immune
response obtained in this study were comparable
Akhtar et al. (16) who tested a formalin killed FC
in 15 weeks old chickens and found an increase in
humoral antibody titers after booster vaccination.

The bird’s immune response to P. multocida
bacterin was previously explained (37, 38). The
capsule and LPS of P. multocida cell surface
are considered primary stimulators of immune
response and critical determinants of bacterin

Table 1: Mean ELISA antibody titres of sera in chicken groups pre-vaccination; one, two and three weeks after
primary vaccination; one and two weeks after secondary vaccination and one and two weeks after challenge

P. multocida mean antibody titers/
weeks after vaccination

Weeks after  Weeks after

P, Weeks after seconda hall
Group Treatment multocida primary vaccination ndary chaenge
strain (6% wks old) vaccination  (11% wks old)
(9™ wks old)
Pre-V* 1 2 3 1 2 1 2
A A:l 80 687 1760 2260 3400 4350 2998 3970
Vaccinated- challenged
B A:3 80 654 1590 2010 3085 3980 2676 3905
C Non A:l 80 70 70 65 70 80 95 95
vaccinated-challenged
D control A:3 80 75 60 60 75 70 90 95
Non vaccinated- 70 70 8 75 65 80 75 65
E non challenged control -

Pre V*: Pre-vaccination
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protective efficacy (39). Both play key roles in a
range of interaction between the bacteria and
the hosts they colonize or infect. Gong et al. (40)
demonstrated that outer membrane proteins (H
and A) of P. multocida are the major immunogene
antigens which play an important role in confer
resistance against infections. The Omps promote
adherence to host cell surfaces and are therefore
likely involve in P. multocida virulence (41).

Our results revealed that, the clinical signs of
P. multocida vaccinated and challenged chicken
groups were mild depression, off food, diarrhea,
septicaemia and congested mucous membrane of
conjunctiva and buccal cavity. Severe signs were
observed in non-vaccinated challenged controls
groups, while no signs appeared in the non-
challenged control group during the observation
period. These results were in agreement with Levy et
al. (42) who recorded signs of depression dullness,
anorexia, greenish diarrhea and labored breathing
in P. multocida challenged non vaccinated chickens,
while the vaccinated birds did not show clinical
signs except dullness and depression. Also, signs
of FC in commercial layer flocks were recorded
as depression, anorexia with ruffled feathers,
mucous discharge from mouth and nares and
cyanotic comb and wattles (43).

The mortality rates in different groups that
recorded here were 15 % and 20 % in vaccinated
and challenged birds with P. multocida type A:l
and A:3; respectively, however, in non-vaccinated
and challenged controls, they were 90 % and
80 % for P. multocida type A:1 and A:3; respectively
(Table 2). These results were in a partial agreement
with others (44, 45). The results showed that

vaccinated chickens were resistant to challenge
with P. multocida A:1 and A:3 strains, where the
protection rates were 85 % and 80 % respectively,
while they were 10 % and 20 % in the non-
vaccinated-controls, respectively (Table 2). Two
doses of prepared bacterin induced good protection
(80-90 %) against challenge with P. multocida of
homologous immunogenic type but low protection
(10-30 %) against heterologous challenge (46).
An Egyptian study concluded that locally prepared
polyvalent bacterins should be used in cases of
FC outbreaks, and the capsular antigen plays a
little role in immunization when compared with
the somatic antigen (47). Inactivated trivalent
FC vaccine consists of serotype 1, 3 and 4 P.
multocida provided 70-80 % protection in chickens
against challenge with homologous strains (35).
Also, some other Egyptian trials revealed that
adjuvented local FC vaccine gave 100 % protection
in chickens against challenge with virulent strains
of P. multocida types A and D (48) as well as 95 %
and 90 % for types A:5 and D:2; respectively (49).
Furthermore, the protection rate was 100 % in
chickens vaccinated twice with alum-precipitated
FC vaccine (50).

Post-mortem examination of chickens revealed
mild and severe lesions in P. multocida vaccinated
-challenged and non-vaccinated-challenged con-
trol groups, respectively. The lesions included sep-
ticaemia, congestion of internal organs, enlarged
liver with sub-capsular hemorrhage, pericarditis
and enlarged and congested spleen. These lesions
were in accordance with other study (45) where the
lesions of birds vaccinated with double doses of P.
multocida local bacterin were congested heart and

Table 2: Results of protection rates in different chicken groups after vaccination with local P. multocida bacterin

and challenge with the same serovars

Chicken Challenge No. of No. of No. of dead Mortality Protection
Group roups P. multocida chickens survived birds rate (%) Rate (%)
group Strain birds °
. A:l 40 34 6 15 85
Vaccinated-
challenged A:3 40 32 8 20 80
Non A:l 40 4 36 90 10
vaccinated-
D challenged A:3 40 8 32 80 20
control
Non
vaccinated-
E non _ 40 40 0 0 100
challenged

control
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slight congestion of the liver and spleen, however
the lesions in non-vaccinated-challenged birds
were congestion of the subcutaneous blood ves-
sels, dark red muscles, enlarged and congested
liver and spleen and pericarditis. In other study,
severe congestion, hemorrhages, pericardial and
peritoneum exudations, enlargement of spleen
and liver and white necrotic foci over liver were
reported in chickens vaccinated with type A:1 of P.
multocida at 14 day post-challenge (46).

Table 3 reveals that P. multocida could be
re-isolated from liver, heart blood and spleen of
the chickens with high rate (90-95 %) and low rate
(15-25 %) in non-vaccinated and vaccinated-chal-
lenged birds; respectively. These findings sup-
ported by Egyptian researcher Mahmoud (51) who
found that the incidence of isolation of P. multocida
was higher from non-vaccinated flocks than those
from vaccinated ones. Partial agreement with ours
revealed that P. multocida could not be recovered
from immunized and challenged survived chick-

ens, while it could be isolated from all dead or dis-
eased birds (35).

In this study, Table 4 and Figures 1-4 demonstrate
the histopathological findings in different examined
organs at the end of the experiment. Figure 1 shows
the microscopic lesions of chickens vaccinated and
challenged with P. multocida serotype A:1. Mild con-
gestion of hepatic central vein and some inflamma-
tory cells infiltrate (A), normal myocardium (B) and
congested red pulp of spleen (C) were the observed
lesions. In chickens vaccinated and challenged with
P. multocida serotype A:3 (fig. 2) showed hydropic
degeneration of hepatocytes (A), slight congestion
of the myocardium (B) and hyperplasia of splenic
lymphoid follicle (C). The previous results were in
a partial agreement who noticed congestion with
presence of some degenerative changes of liver,
mild depletion of splenic lymphoid cells and slight
myocarditis in P. multocida vaccinated and chal-
lenged chickens (45, 52).

Table 3: Results of re-isolation of P. multocida among chicken groups after vaccination with local P. multocida

bacterin and challenge with the same serovars

: Challenge No Re-isolation %
Group Chicken groups P. ’gﬁ;‘i}ﬁlda of chickens of P. multocida
A A:l 40 6/40 (15%)
Vaccinated- challenged
B A:3 40 10/40 (25%)
C Nonhvaﬁ:cina&ed- A:l 40 38/40 (95%)
challenge
D contro A:3 40 36/40 (90%)
Non vaccinated-
E non challenged 40 0/40 (0%)

control

Table 4: Results of histopathological examination of chicken groups after vaccination with local P. multocida bac-

terin and challenge with the same serovars

Point of comparison

Group

Liver

Congestion of central vein
Inflammatory cells infiltrate
Coagulative necrosis
Hydropic degeneration

Myocardium

Congestion -
Inflammatory cells infiltrate -
Endocardial haemorrhages -

Spleen

Red pulb congestion +
Lymphoid follicle hyperplasia -
Focal area of necrosis -

+ = Present

- = Absent
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Figure 2: Chickens vaccinated and challenged chickens with P. multocida serotype A:3 (group B) (H&E. X 200):
A: Liver showing hydropic degeneration of hepatocytes, B: Heart shows slight congestion of the myocardium,
C: Spleen showing hyperplasia of lymphoid follicle

A: Liver showing area of coagulative necrosis infiltrated with heterophils, B: Heart showing severe inflamma-
tory cells infiltration of myocardium, C: Spleen shows congestion of red pulp and splenic artery

S AN TR
enre

Figure 4: Chickens experimentally challenged with P. multocida A:3 strain (group D) (H&E. X 200):
A: Liver showing congestion of portal vein and hydropic degeneration of cytoplasm, B: Heart sub endocardial
haemorrhage with heterophilic infiltration, C: Spleen shows severe congestion and focal area of necrosis (arrow)
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Histopathological lesions in chickens challenged
with P. multocida A:1 strain (fig. 3) showed area
of hepatic coagulative necrosis infiltrated with
heterophils (A), severe inflammatory cells infiltration
of myocardium (B) and congestion of splenic
red pulp and artery (C). Moreover, in chickens
experimentally challenged with P. multocida A:3
strain (fig. 4), the liver showed congestion of portal
vein and hydropic degeneration of cytoplasm (A),
the heart revealed sub endocardial haemorrhage
with heterophilic infiltration (B) and the spleen
demonstrated severe congestion and focal area of
necrosis (C). Similarly, histopathological changes
of local isolates of P. multocida A:1 in chickens were
congestion, hemorrhages and mild degeneration of
liver associated with necrotic changes involving
groups of hepatic parenchymatous cells with
prominent heterophilic infiltration (53, 54).

These lesions could be attributed to the direct
effect of the endotoxin and ischemia which resulted
from the bacterial emboli.

From the above mentioned results, it could
be concluded that the prepared FC inactivated
bacterin from the local Egyptian predominant P.
multocida serovars proved efficacy and protection
of layer chickens.

Acknowledgements

The authors declare that they have no conflict
of interest.

References

1. Christensen JP, Bisgaard M. Fowl cholera.
Rev Sci Techn Off Int Epiz 2000; 19 (2): 626-37.

2. Fowl cholera. In: OIE Manual of diagnostic
tests and vaccines for terrestrial animals. 6th ed.
Paris : Office International des Epizooties (OIE),
2008: 524-30.

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

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

5. Sander JE, Glisson JR. Fowl cholera in
broilers. Avian Dis 1989; 33: 816-9.

6. Petersen KD, Christensen JP, Permin A,
Bisgaard M. Virulence of Pasteurella multocida
subsp. multocida isolated from outbreaks of fowl
cholera in wild birds for domestic poultry and
game birds. Avian Pathol 2001; 30: 27-31.

7. Eigaard NM, Permin A, Christensen JP,
Bojesen AM, Bisgaard M. Clonal stability of Pas-
teurella multocida in free-range layers affected by
fowl cholera. Avian Pathol 2006; 35 (2): 165-72.

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

9. Perelman B, Hadash D, Meroze M, Gurlavie
A, Abramson M, SambergY. Vaccination of young
turkeys against fowl cholera. Avian Pathol 1990;
19: 131-7.

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

11. Rhoades KR, Rimler RB. Pasteurellosis In:
Calnek, BW, Barnes, HJ, Beard, CW, Reid, WM Yo-
der, HW, eds. Diseases of poultry. 9th ed. Ames :
Iowa State University Press, 1991: 145-62.

12. Harper M, Boyce D. The Myriad properties
of Pasteurella multocida lipopolysaccharide. Toxins
2017; 9: 254.

13. Hopkins BA, Olson LD. Comparison of live
avirulent PM-1 and CU fowl cholera vaccines in tur-
keys. Avian Dis 1997; 41: 317-25.

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

15. Petersen SK, Foged NT, Bording A, Neilsen
JP, Riemann HK, Fradesen PL. Recombinant deriv-
atives of Pasteurella multocida toxin candidates for
a vaccine against progressive atrophic rhinitis. Infec
Immun 1991; 59: 1387-93.

16. Akhtar M, Rahman MT, Ara MS, Nazir KH,
Ahmed S, Hossen ML and Rahman MB. Isolation of
Pasteurella multocida from chickens, preparation of
formalin killed fowl cholera vaccine, and determina-
tion of efficacy in experimental chickens. J Adv Vet
Anim Res 2016; 3 (1): 45-50.

17. Mohamed MA, Mohamed MW, Ahmed Al, Ib-
rahim AA and Ahmed MS. Pasteurella multocida in
backyard chickens in Upper Egypt: incidence with
polymerase chain reaction analysis for capsule type,
virulence in chicken embryos and antimicrobial re-
sistance. Vet Ital. 2012; 48(1): 77-86.

18. Mohamed MW, Mageed MA. Molecular anal-



177

W.A.Abd EI-Ghany,H.A. Ahmed, A.Z.Qandoos, M. A. Bosila

ysis of Pasteurella multocida strains isolated from
fowl cholera infection in backyard chickens. Asian
Pac J Trop Biomed. 2014; 4(1): 8-12.

19. Esraa S. Ahmed EMA, Hisham SN and Farag
AN. Molecular Characterization of Pasteurella spe-
cies isolated from poultry. Global Vet 2017; 18 (6):
388-98.

20. Wafaa AA, Hanan AA and Ali ZQ. Character-
ization of Pasteurella multocida in different Egyp-
tian chicken flocks. J Anim Plant Sci 2018; 28 (6):
1693-1700.

21. Fatma FIH. Preparation and evaluation of a
combined bivalent vaccine against avian Pasteurella
and Mycoplasma infections in chickens. Ph. D. The-
sis (Microbiology) Faculty of Veterinary Medicine,
Cairo University, Egypt, 2018.

22. Salama SS, Abdelhady HA and Atia L. Field
application for experimental inactivated multivalent
P. multocida and avian influenza (H9N2) vaccine in
poultry. Slov Vet Res 2019; 56 (Suppl 22): 789-95.

23. Salama SS, Fatma M, Abo Elkhir GFG, Khedr
AA and Ali AM. Uses of single dose dependent and
relative potency assays for the evaluation of inacti-
vated fowl cholera vaccine. J Bacteriol Mycol 2019;
7(2): 36-39.

24. Borkowska-Opaka B, Rutkowska JI,
Truzezynski M and Kozaczynski W. An attempt to
evaluate the efficacy of vaccines against pasteurel-
losis in rabbits. Bull Vet Inst Pulway 1996; 40: 3-9.

25. Code of American Federal Regulation. Pub-
lished by the Office of the Federal Register National
Archives Record Service. General Services Admin-
istration, 1985.

26. Sthitmatee N, Numee S, Kawamoto E, Sasaki
H, Yamashita K, Takahashi N, Kataoka Y and
Sawada T. Protection of chickens from fowl cholera
by vaccination with recombinant adhesive protein
of Pasteurella multocida. Vaccine 2008; 26 (19):
2398-2407.

27. Cowan ST. Cowan and Steel's Manual for
Identification of Bacteria. 2nd Edn, Cambridge Uni-
versity Press, Cambridge, London; 1985; pp. 122-
25.

28. Blackall, PJ, Miflin JK. Identification and
typing of Pasteurella multocida: a review. Avian
Pathol 2000; 29: 271-87.

29. Cheesbrough M. Biochemical tests to identify
bacteria. In: Cheesbrough M (Edn.). District Labora-
tory Practice in Tropical Countries, Part 2. 2nd Edn.,
Cambridge University Press, UK; 2006; 7: 6270.

30. Bancroft JD, Gamble M. Theory and Practice
of Histological Techniques. 5th Ed; Churchill Living-

stone, London, UK, 2007; pp: 125-38.

31. Gergis SM. Some immunizing properties con-
cerning Pasteurella multocida in poultry. M.D. The-
sis, (Microbiology), Faculty of Veterinary Medicine,
Cairo University, 1978.

32. Solano W, Giambrone JI and Panangala VS.
Comparison of enzyme-linked immunosorbent as-
say and indirect haemagglutination test for quanti-
tating antibody responses in chickens against Pas-
teurella multocida. Avian Dis 1983; 27: 1034-42.

33. Avakian AP, Dick JW and Derieux WT. Fowl
cholera immunity induced by various vaccines in
broiler mini breeder chickens determined by en-
zyme-linked immunosorbent assay. Avian Dis 1989;
33: 97-102.

34. Esmaily F, Jabari AR, Sotoodehnia A and
Moazeni Jula GR. The immunological responses to
various cell wall fractions of Pasteurella multocida
in chicken. Arch Razi Inst 2003; 56: 59-70.

35. Jabbri AR, Moazeni Jula GR. Fowl cholera:
Evaluation of a trivalent Pasteurella multocida vac-
cine consisted of serotypes 1, 3 and 4. Arch Razi
Inst 2005; 59: 103-11.

36. Muhammad A. Immune response of broiler
breeders chickens to live fowl cholera (Clemson Uni-
versity) vaccine given by different programs. Zagazig
Vet J 2005; 155-64.

37. Harper M, Boyce J and Adler B. Pasteurella
multocida pathogenesis: 125 Years after Pasteur.
FEMS Microbiol Letters 2006; 265: 1-10.

38. Harper M, Boyce J and Adler B. The key sur-
face components of Pasteurella multocida: Capsule
and lipopolysaccharide. Curr Topics in Microbiol
Immunol 2012; 361: 39-51.

39. Zang YF, Wulumuhan N, Gong F J and En-
tomack B. Construction and characterization of an
a capsular mutant of Pasteurella multocida strain
P-1059 (A:3). J Vaccine Vaccination 2013; 4: 184.

40. Gong Q, Qu N, Niu M, Qin C, Cheng M, Sun
X and Zhang A. Immune responses and protective
efficacy of a novel DNA vaccine encoding outer mem-
brane protein of avian Pasteurella multocida. Vet
Immunol Immunopathol 2013; 152 (3-4): 317-24.

41. Boyle EC, Finlay BB. Bacterial pathogenesis:
Exploiting cellular adherence. Curr Opin Cell Biol
2003; 15 (5): 633-39.

42. Levy S, Khan MRF, Islam MA and Rahman
MB. Isolation and identification Pasteurella multo-
cida from chicken for the preparation of oil adjuvant
vaccine. Bangladesh J Vet Med 2013; 2: 1-4.

43. Mehmood MD, Qazi MH, Muhammad K,
Shahid M, Akram M, Amin F, Gul M and Ali MA.



178

W.A.Abd EI-Ghany,H.A. Ahmed, A.Z.Qandoos, M. A. Bosila

Isolation and molecular characterization of Pas-
teurella multocida from commercial layer flocks
suffering from respiratory syndromes. J Anim Plant
Sci, 2016; 26 (1): 304-8.

44. Mariana S, Hirst R. The immunogenicity and
pathogenicity of Pasteurella multocida isolated from
poultry in Indonesia. Vet Microbiol 2000; 72: 27-36.

45. Ashraf M.F. Pathological studies on the ef-
fect of fowl pasteurellosis (cholera) vaccine in chick-
ens. M.Sc. Thesis, (Pathology), Faculty of Veterinary
Medicine, Zagazig University, Egypt, 2000.

46. Herath C, Kumar P, Singh M, Kumar D, Ra-
makrishnan S, Goswami T, Singh A and Ram G. Ex-
perimental iron-inactivated Pasteurella multocida
A: 1 vaccine adjuvanted with bacterial DNA is safe
and protects chickens from fowl cholera. Vaccine
2010; 28 (11): 2284-89.

47. Fatma MM. Some studies on Pasteurella mul-
tocida infection in broiler chickens in Upper Egypt.
Ph.D. Thesis (Poultry Diseases), Faculty of Veteri-
nary Medicine, Assiut University, Egypt, 2004.

48. Ahmed ES, Mahmoud MS and Ghoniemy
WA. Immunological studies on a modified adju-
vanted fowl cholera vaccine. Minufiya Vet J 2010;
7 (2): 325-29.

49. Abdel-Aziz HMG, El-Enbaawy MIH, Afifi M,

Ibrahim SI., Omar L and Koudier MH. Efficacy of
Montanide ISA-70-VG as adjuvant to fowl cholera
vaccine. J Vet Adv 2015; 5 (3): 848-52.

50. Ali MZ and Sultana S. Determination of hu-
moral immune response in chickens against forma-
lin-inactivated alum-precipitated fowl cholera vac-
cine. Inter J Anim Biol 2015; 1 (4): 114-17.

51. Mahmoud HM. Control of fowl cholera in
poultry. Ph.D. Thesis (Poultry and Rabbit Diseases),
Faculty of Veterinary Medicine, Cairo University,
Egypt, 1999.

52. Hablolvarid MH, Moazeni Jula, G and jabbari
AR. Experimental study of peracute fowl cholera due
to Pasteurella multocida vaccinal strain (serotype
A1) in chickens. Arch Razi Inst 2009; 64 (1): 57-60.

53. Shilpa S, Verma PC. Pathology of P. multo-
cida infection in chickens. Inter J Anim Res 2006;
40: 15-19.

54. Panna SN, Nazir KH, Rahman MB, Ahmed
S, Saroare MG, Chakma S, Kamal T and Majumder
UH. Isolation and molecular detection of Pasteurella
multocida type A from naturally infected chickens,
and their histopathological evaluation in artificially
infected chickens in Bangladesh. J Adv Vet Anim
Res 2015; 2 (3): 338-45.

UCINKOVITOST CEPLJENJA KOKOSI NESNIC Z INAKTIVIRANO BAKTERIJO KOLERE PERJADI,
PRIPRAVLJENE IZ LOKALNIH EGIPTOVSKIH SEVOV BAKTERIJE Pasteurella multocida

W.A.Abd EI-Ghany,H.A. Ahmed, A.Z. Qandoos, M. A. Bosila

Povzetek: Raziskava je bilaizvedena z namenom ocenitve u¢inkovitosti cepljienja koko$i nesnic z inaktivirano bakterijo FC,
pripravljeno iz lokalnih egiptovskih sevov bakterije Pasteurella multocida (P. multocida). Skupno 200 kokosi nesnic je bilo
razdeljenih v 5 enakih skupin. V vsaki skupini je bilo 40 kokosi. Pri 6 tednih smo kokoSi v skupinah A in B cepili s serotipoma
P.multocidaA:1in A:3, po 3tednih, ko so bile zivali stare 9 tednov, so dobile pozivitvene doze cepiva. Po dveh tednih (v starosti
11tednov) sobile kokoSiokuzene zvirulentnima serotipomaA:1in A:3. Pis€anciv skupinah Cin D niso bilicepljenitemve¢ samo
okuzeni s serotipoma A:1in A:3. Kokosi v skupini E niso bile niti cepljene, niti okuzene. Vzorci krvi so bili odvzeti privseh skupi-
nah tedensko za preverjanje humoralnega imunskega odziva. Vse kokoSi smo stalno opazovaliin belezili prisotnost bolezen-
skih znakov, razli¢nih ran in umiranje kokosi. Pripoginulih kokoSih smo osamili bakterije ter opravili histopatoloski pregled. Re-
zultatiencimsko-imunskegatesta (ELISA) so pokazalida je bila najvisja stopnjazascite dosezena 5 tednov po cepljenju, sajso
titridosegli3970v skupini Ain 3905 v skupini B. Klini¢ni znaki, stopnja umrljivostiin rane so bili pri cepljenih kokosih blagi, hude
rane pa so bile vidne prinecepljenih in okuzenih kokosih. Stopnja za$c¢ite je bila v skupinah A in B 85- oziroma 80-odstotna, v
skupinah Cin D pa 10- oziroma 20-odstotna. Stopnje ponovne izolacije P. multocida po okuzbi so bile 90 in 95 odstotkov pri
kokosih, ki niso bile cepljene, medtem, ko so bile v skupinah, ki so bile okuzene s P. multocida serotipa A:1in A:3 15-in 25-ods-
totkov. Histopatolo$ki pregled cepljenihin okuzenih kokoSi je pokazal popolno odsotnost ali prisotnost blagih mikroskopskih
poskodb, medtem ko so imele necepliene okuzene kokoSi bolj obseZne histopatoloske poSkodbe. Pripravljena inaktivirana
bakterija FC iz lokalnih egiptovskih prevladujocih serovarov P. multocide se je izkazala za u¢inkovito zas¢ito kokosi nesnic.

Kljuéne besede: Pasteurellamultocida; kokosi;imunizacija; zascita; Egipt



