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Fowl cholera (FC) caused by serotypes of Pasteurella multocida includes A:1,
A:3, A:4 is a highly fatal septicemic disease. Preliminary trials of P multocida A:1
bacteriophage lysate vaccine against FC was evaluated. Lytic phage and P multocida
ratio was standardized to obtain stable lysate batches. Consequently, three batches of
lytic phage preparation were produced; estimation of protein and carbohydrate content
amongst batches did not shown any significant variation indicating same batches can be
produced by standardized procedure. Protective response trials in poultry with P.
multocida A:1, A:3, A:4 against plain lysate and alum adsorbed lysate (1% alum) on
vaccinated group showed both homologous and heterologous protection compared with
inactivated whole cell group provided only homologous protection. Assessment of antibody
response towards P. multocida A:1, A:3, A:4 antigen evaluated by Indirect
Haemagglutination test (IHA) reveals presence of protective antibody titer.

Keywords: P multocida, Bacteriophage lysate, Fowl cholera,
Immune response, Indirect Haemagglutination test (IHA).

Fowl cholera (FC) is a primary
pasteurellosis caused by multiple serotypes of
Pasteurella multocida (Watt et al., 2003, Wilson
and Ho, 2013). Vaccination is one of the most
important preventive measures against this
economically important disease. Currently available
vaccinesagainst FC are preparations of inactivated
whole cells of one or more serotypes of the
organism. But none of these preparations
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possesses all of the desirable traits of an ideal
vaccine. Since P. multocidaisapoor immunogen,
not only a large amount of antigenic biomass is
required (Rani et al., 2006) for aFC vaccine, addition
of an adjuvant also becomes necessary for
enhancing its efficacy up to a desirable level.
Further, considering the multiplicity of and
serotypes of the organism associated with the
diseases, it becomes desirablethat theimmunizing
agent must at least be capable of imparting an
across serotype, if not an across-serogroup
immunity. But, the conventional inactivated
bacterins against FC lack the ability to induce an
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across-serotype or serogroup response and all the
prevalent serotypes are needed to beincorporated
inthevaccines (Marchart et al., 2003). It therefore
becomes necessary to incorporate all the prevalent
serotypes of P. multocida ininactivated vaccines.
A high antigenic massis also needed to induce a
satisfactory clinical protection against the
serotypes. This makes production and testing of
vaccinesvery cumbersome process. Animproved
preparation capabl e of inducing an across-serotype
protective response is therefore desirable. All
attempts made during the last 30 years towards
developing an improved vaccine against FC have
met with varying degree of success. Many
different approaches to develop better vaccine
candidates capabl e of inducing an across-serotype
protective response have been tried (Shivchandra
et al., 2011). Though variable successes with
protective efficacies have been claimed, nonefound
the results equivalent to or better than existing
inactivated, multi-serotype whol e cell vaccines.

Theimmunological explanation for mono-
specificimmune responses of inactivated vaccines
relatesto the conformational alteration of antigens
during the process of chemical & physical
inactivation, or protein extraction. Parry etal. (1977)
showed that live E. coli were superior to heat-
killed or formalinized organismsat dliciting specific
immunity. The reasons were thought to be
structural alterations in the antigenic moieties by
chemical or physical inactivation of bacteria. Similar
observations have also been made with P.
multocida, specially with the FC strains, where it
has been demonstrated that the vaccines prepared
frominvivo grown strainselicit across protective
response (Rimler and Rhoades, 1889, Wang and
Glisson, 1994 and Dialo et al ., 2000). Therefore, a
method of inactivation or antigen extraction that
does not or minimally alter the antigenic moieties
of the organism appearsto bethe key to developing
across-protectiveimmunizing preparation. For this
purpose, use of bacterial phage-lysatesasacellular
vaccines provides a viable and technologically
feasible option.

Phage lysates comprise a means of
effectively killing bacteriawhileminimally altering
their antigenicity (Pasternack et al., 2009). Phage
lysate bacterins contain bacteriophage particles
(primarily responsible for the first phase of
protection mediated by phage itself) released by
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the burst and bacterial antigenic componentsin a
solubilized phase (associated the second phase of
protective response mediated by antibodies or
effecter cells) produced by the burst caused by
Iytic bacteriophage. The P. multocida phage-
lysates therefore, become possible candidates as
novel class of immunotherapeutic agents against
FC (and HS) and hold great potential to be used as
improved vaccines against primary and secondary
pasteurellosis. It appearsto be amethodol ogy that
isexpected to provide an almost ideal immunizing
preparation that may be capable of inducing an
“across-serotype” and preferably, an “across
capsular serogroup” protective response. Phage-
lysate can circumvent the necessity of large
amounts of “antigenic biomass” of multiple
serotypes for the production of FC vaccines. This
investigation reports the efficacy of P. multocida
phage-lysate in inducing across-serotype
protective response in chickens.

MATERIALSAND METHODS

Bacterial Strains

Lyophilized cultures P. multocida FC
serotype A:1 was obtained from the Type Culture
Lab of the Division of Biological Standardization,
Indian Veterinary Research Institute. P. multocida
A:3 and A:4 were procured from the Division of
Bacteriology and Mycology, IVRI. All isolates of
P. multocida wererevived on 5% Sheep Blood agar
plates. Each culture was transferred to several
Blood agar slants after confirmation of its purity
and morphological identity by Gram’sstaining. The
identity of each strain was revalidated by usual
biochemical methods. Target host (bird) passage
was given to each FC strain before preparing their
Master Lotsin phase|. Eighty percent lethal dose
for susceptible chicken was determined for each
serotype. In the protective efficacy trials, these 3
serotypes were used for challenge of birds. The
A:1l strain was used for preparation of phage
lysates.
Bacteriophage

A partialy characterized bacteriophage
against theA:1 strain of P. multocida (Durairajan,
2012) was selected for the present investigations.
The phage (provisionally designated as |V RI/Pm-
1) was revived and propagated by agar overlay
and liquid culture methods (Jain et al., 2015) and
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maintained under lyophilized condition.
Generation of PhageLysate

About 500 ml of log phase NZCY M broth
(Difco, India) culture of P. multocida (A:1) was
centrifuged at 5000 rpm/15 min (Remi, India) and
the sediment was re-suspended in fresh pre-
sterilized NZCYM broth medium to match with
Brown's Opacity Scale 3. Thetotal viable count of
this suspension was approximately 1.5x10%/ml. To
thissuspension, phage |V RI/Pm-1 was aseptically
added to obtain 1 MOI (Phage-bacteria ratio
approximately 1:50). The phage-bacteria mixture
was incubated at 37p C with intermittent shaking
inanincubator. The viable count of the suspension
were monitored by samplescollected at 0, 30 min,
1h, 2h, 3h, 4h, 5h, 6h intervals by usual method.
When more than 90 percent reduction in the
turbidity was visually observed, the lysate was
centrifuged to remove residual bacteria (if needed)
and filtered through pre-sterilized 0.22p filtration
assembly (Genetix). The filtrate was collected in
strict aseptic conditions and stored at 4p C.
Composition of Phagelysates

Three batches (500 ml each) of Phage-
lysates were produced through separate cycles.
Protein (Lowry’s et al., 1951) and Carbohydrate
(Duboiset al, 1956) concentrationsaswell asPhage
count 3 of each batch were determined (Table.1).
Cell wall protein profile of concentrated
preparations of each batch wasdetermined by SDS
PAGE and Western Blot Analysis.
Evaluation of protectiveresponseagainst dir ect
challengeof birds
Test preparations
Preparation of inactivated Whole cell (WC)
vaccine

Pure suspension of P. multocida A:1in
phase | grown on BHI Agar (Difco, India) was
adjusted to Brown’s opacity scale 3 (so as to
contain approximately 108 bacterial cells/ml) and
inactivated by asuitable quantity of formaldehyde.
Sterility test on the suspension was carried out by
inoculating Blood agar plates, Fluid Thioglycollate
Broth and Soybean Casein Digest Broth before
adjuvantation (Aluminium hydroxide gel).
Alum gel adsorbed (APL) and Plain (PL) phage
lysates

For adjuvantation, sterilized 10 percent
aluminium hydroxide gel suspensionin salinewas
mixed with inactivated whole cell (WC) and pooled
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phage lysate preparation in ratio of 1:10 (final
aluminium concentration 1 percent) (APL) and
incubated at 37°C for 24 hours. The amount of
protein adsorbed was determined by calculating
the residual protein in supernatant after
centrifugation at 11000g for 10 minutes.
Immunization and challenge

Theobjective of thistrial wasto compare
cross-protective responses of un-adjuvanted (PL)
and alum adsorbed (AL) phage-lysates with that
of amonovalent inactivated whole cell preparation
of P. multocida A:1 containing 108 organisms per
ml along with 1 percent alum gel. The procedure
recommended by Indian Pharmacopoeia (2014) for
determining the potency of Fowl CholeraVaccines
wasfollowed.

Sixty apparently healthy chickens aging
4-8 week weredivided in 4 groups of 15 birds each.
Each bird of thefirst group was administered with
1 ml of the whole cell preparation through
subcutaneous route.  Similarly, each bird of the
second and third groups received 0.5 ml of plain
un-adjuvanted (PL) and alum-adsorbed (AL ) lysate
respectively. The birds of the fourth group were
maintained along with the immunized groups as
un-vaccinated controls. A booster immunization
with the same dose of the respective preparation
was given to each bird after 14 days of primary
inoculation. Pre-vaccination, 71, 14", 21% and pre-
challenge (28") day blood sample from each bird
was collected to obtain serum samples (Table-2).

After 14 days of booster inoculation, all
groups were divided into 3 sub-groups having 5
birds. The first sub-groups of each group were
challenged by virulent P. multocida A:1 through
subcutaneous route with a dose sufficient to kill
80 percent un-immunized healthy birds. Similarly,
each bird of 2™ and 3 sub-groups of each group
were challenged with virulent doses of A:3 and
A:4 serotypes respectively. Birds were observed
for 14 days beforetermination of experiment. Post-
mortem was conducted on the dead birdsto confirm
the cause of death by isolation of P. multocida
from heart blood (Table: 3).
Deter mination of antibody response

Humoral immune response of birds was
monitored on various days post vaccination in
terms of serum antibody tires against each of the 3
P. multocida serotypes by Indirect
Haemagglutination Test as per the methodol ogy
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of Sawadaet. al., 1985. Sonicated antigen (Ames,
1974) with dlight modification of P. multocida A:1,
A:3, A:4 and P, were used for sensitizing
glutaraldehydefixed (GA) and Tannic acid treated
(TG) sheep RBC stocks.
Safety testsin Miceand Chickens

Safety test on the test preparations was
conducted in miceand chickensas per the accepted
methodol ogy of Indian Pharmacopoeia (2014).
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RESULTS AND DISCUSSION

Since bacteriophage lysates against P.
multocida are expected to induce an across-
serotype protective response in susceptible bird
species, the preparations provide an opportunity
to improve upon the currently available vaccines
against FC and HS. The present investigation was
undertaken to compare the protective and antibody

Table 1. Composition of lysate batches content in batches

Preparations  Protein content CHO content Phage
(ug/mi) (ug/mi) (Pfu/mi)
PL-I 16 444 2.1x 108
PL-11 14 467 1.8x 10°
PL-I1I 13 459 1.5x 108
Test PL 12 450 108

Table 2. Immunization and challenge schedul e of birds.

Immunization

Challenge(80% lethal dose)
(Sub-groups) (N)

Group Test preparation Bleeding schedule A:l A:3 A:4
(N) (Dosg, route) (days)
1(15) WC; 1 ml; S/ICBooster on 14" day Pre-immunization, 5 5 5
7", 14", 21% and
pre-challenge (28")
Il (15) APL;0.5ml; S/IC Booster on 14" day  -do- 5 5 5
Il (15) PL; 0.5ml; SICBooster on 14" day -do- 5 5 5

Table 3. Protective response of birds against 3 serotypes of P. multocida
following immunization with whole cell and phage-lysate vaccines

Vaccinegroup Challenge No.Survived/ Percent survival Overall percent
Serotype challenged againstchallenge-  protection afforded
serotype against all serotypes
Wholecell Al 4/5 80 33
A:3 0/5 -
A4 1/5 20
PL Al 3/4 75 58
A:3 3/5 60
A4 2/5 40
APL Al 5/5 100 80
A:3 3/5 60
A4 4/5 80
Controls A:l 15 20 7
A:3 0/5 -
A4 0/5 -

J PURE APPL MICROBIO, 11(1), MARCH 2017.



NAGDIVE eta.: PROTECTIVE EFFICIENCY OF Pasteurella multocida

responses of chickensto immunization with phage
lysate of avirulent P. multocida A:1 isolate from
FC and inactivated whole cell vaccine prepared
from the same organism.

A consistently lytic bacteriophage,
designated as|VRI/Pm-1 (Durairgjan, 2012) against
avirulent strain of P. multocida A:1 was used for
generation of phage lysates. Three batches of
phage lysates were produced and characterized.
Thefirst essential requirement for anew vaccineis
standardization of a process through which
consistently stable batches of the finished product
can be generated through several optimized
production cycles. Since, it was found difficult to
quantify the antigenic contents of the lysate in
terms of protein or carbohydrate concentrations
per dose; theinitial total count of the P. multocida
strain wasfixed before adding phage. It wasfound
that an NZCYM broth suspension of 14-16 hour
incubated growth of the indicator P.
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multocida, adjusted to a viable count of
approximately 1- 2x108 cfu/ml, waslysed by IVRI
Pm-1 at 1: 50 phage/bacteriaratio, within 3-4 hwith
complete clearance of turbidity. The phage counts
of thelysateswere found to be within the limits of
108-10%ml. Theimmunobiol ogical principlesor the
active antigenic ingredients of the lysates viz.,
total proteins and polysaccharide contents and
phage counts were not found to vary significantly
between the batches (Table:1) indicating that
antigenically stable lysate preparations can be
prepared by adopting an optimized process.

To compare the immunoreactive
polypeptides present inthe P. multocidaA: 1 phage
lysate with sonicated cell wall polypeptidesof A:1,
A:3,A:4 by SDS-PAGE and immunoblot analysis
were done using chicken serum raised against
phage lysate. About 30X concentrated phage
lysate revealed the presence of 5 dominant
polypeptide bands of 27 kDa, 35 kDa, 55kDa and

Table 4. Mean Indirect Haemaggultination (IHA) titer on various
DPI amongst un-immunized, WC, APL, PL against A:1,A:3,A:4

A:l A:3 A4
Pre-imm 70 14" 21¢ 28" Presimm 7" 14" 21" 28" Pre-imm 7" 14" 21 28"
ul 15 23 43 25 30 7 19 39 32 43 10 23 33 34 3
wC 26 60 115 52 43 14 38 8 53 41 18 40 102 61 37
APL 22 222 497 68 140 22 137 365 95 98 21 171 391 76 79
PL 16 213 113 9% 55 19 67 104 101 128 19 131 130 98 61
KDa_ 1M 2 3
A P
100 kDa iﬁﬂ&ﬁn
603 kIva
55 kDa
48 kDa
37 kD 40 ka
20 kIa 29 kida
25 kIra 25kDa

17

Fig. 1. Electrophoretogram showing protein profile of
P. multocida A:1 phage lysate (Silver stained) 1-
Unconcentrated phage lysate; M-Protien marker; 2& 3-
Concentrated phage lysate

Fig. 2. Electrophoretogram showing cell wall protein
profile of sonicated P. multocida (CBB Stained) M-
Protein marker; 1- P. multocida A:1, 2-P. multocida A:3,
3- P. multocida A:4, 4- P. multocida P52 strain
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70 kDaand 100kDain electrophoretograms (Fig-1
and 2). In contrast, the cell wall preparations of
indicator strain and A:3, A:4 and P, revealed 16
and 12 major polypeptide bands respectively in
the region between 130 kDa to 25 kDa. No
identifiable difference between cell wall protein
profilesof A:1,A:3, A:4 and P, could be observed.
Our observations arein agreement with the earlier
observations of Johnson et al (1991), who have
reported that the cell membrane proteins profiles
do not vary among the P. multocida serotypes. No
polypeptide band could be visualized in
unconcentrated lysate preparations (Figure: 1).
Several attempts have been made to identify
specific immunogenic proteins of P. multocida
isolates from HS and FC. The general conclusion
of all these attempts is that no single component
of P. multocida is entirely responsible for
protective immunity. All cell wall fractions, LPS,
proteins and polysaccharide contribute towards
protectiveimmunity. It can be concluded form the
present investigation that 27 kDa, 35 kDa, 55 kDa

40 -

b , —:l

B

0 mi mi LT zaml

Fig. 3. Mean IHA titer against A: 1, A: 3, A: 4 on
various days post immunization with WC vaccine

2 T 1Ml 14T 2ET

Fig. 4. Mean IHA titer against A:1, A:3, A:4 on various
days post immunization with APL vaccine
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and 70 kDa proteins detected in phage lysates may
be associated with a protective response in bird
against virulent challenge but, their specific role
remains to be elucidated.

The antibody titers detected by IHA
(Table-4) using sonicated (Ames, 1974) P.
multocida antigensA:1, A:3, A:4 and P, showed
the classical pattern of response against each
serotype (Fig.3, 4 and 5) with initial rise over the
pre-vaccination levels, achievement of apeak and
then agradual decline over the period. However,
some significant differences were observed with
the immunizing preparation amongst plain and
alum adsorbed phage lysate.

Protective response trials on groups of
chickens immunized with whole-cell and phage-
lysate preparations against challengewith virulent
dosesof A:1, A:3 and A:4 serotypesreveal ed that
the inactivated whol e cell preparation provided a
satisfactory protection only against homologous
A:1 challenge (80 percent) but not against
heterologous A:3 and A:4 serotypes. The phage-
lysate preparations on the other hand were found
capable in imparting protection against all
serotypes. The un-adjuvanted preparation was
found to induce partial protection against
challenge whereas, the alum gel adsorbed
preparation provided satisfactory cross-protective
immunity (Table:3).

Since, the phage-lysates were found to
induce a satisfactory across-serotype protective
responsein birdsat lower dose, it can be concluded
that the phage-lysate of P. multocida A:1isabetter
immunizing preparation than the whole-cell
inactivated preparations.

50

Tl

2 T 1'mi 12T JET

Fig.5. Mean IHA titer against A:1, A:3, A:4 on various
days post immunization with PL vaccine
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