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Abstract
Pasteurella multocida (P. multocida) is the highly contagious causative agent of a
broad range of diseases in animals as well as an occasional human pathogen. Eco-
nomically significant infections caused by P. multocida include avian fowl cholera,
rabbit snuffles, and hemorrhagic septicemia in cattle, goats and pigs. Chemotherapy
of pasteurellosis infections has some limitations, such as high cost of treatment, low ef-
ficacy, and the possibility of therapy failure due to antibiotic resistance. Prophylactic
immunization offers a safe and effective preventive measure in case of zoonotic dis-
eases. Bacterins, live attenuated and some old traditional vaccines against pasteurel-
losis remain in use today, beside their limitations. However, the past few years have
seen significant progress in research to identify modern, effective vaccine candidates,
but there is no new vaccine produced by new strategies. While scientists should strug-
gle with a lot of aspects to design vaccine producing strategies, this review shows how
pasteurellosis vaccine evolved and the limitations in its application which need to be
overcome.
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Introduction

Pasteurella multocida (P. multocida) is a nonmotile,
gram negative, facultatively anaerobic, capsulated coc-
cobacillus. It is routinely serotyped based on LPS and
capsule, where the most pathogenic types are Al, A3,
A4, B2, and D1. P. multocida colonizes at the naso-
pharynx, respiratory tract, gastrointestinal tract and
other organs of many animals and induces a disease
generally termed pasteurellosis. As with other oppor-
tunistic pathogens, under stress conditions the often
commensal P. multocida becomes a pathogen, prolif-
erating in the nasopharynx and spreading to lungs and
other organs. It is responsible for avian fowl cholera,
hemorrhagic septicemia in buffalo and cattle, enzootic
pneumonia in cattle, lambs and goats, respiratory atro-
phic rhinitis of swine and snuffles in rabbits. As well as
being a major cause of economic loss in production
animals, P. multocida can also cause occasional, but
severe, zoonotic infections in humans.

Antimicrobial agents provide one approach to con-
trol infections, but their shortcomings highlight the
need to find other possible control measures such as
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prophylaxis to manage animal infections. Vaccination
plays a vital role in improving the health and welfare of
livestock and preventing animal to human transmis-
sion, thereby constituting a major public health strate-
ay.
P. multocida infections in livestock industries can
lead to high mortality rates and cause production loss-
es, leading to considerable economic loss and hardship,
especially in resource poor regions. This agent is re-
sponsible for 30% of total cattle deaths around the
world and losses of one billion dollars annually in this
industry in North America alone. In addition, it is re-
sponsible for considerable economic losses in pork and
poultry industries worldwide. Humans are usually in-
fected by contacting carrier or infected animals; disease
can vary from soft tissue infection following animal
bites to severe, fatal septicemia.

Pasteurellosis is a highly contagious disease affect-
ing almost every animal species. Current control meas-
ures can be expensive and have limited efficacy. There-
fore, vaccine design strategies leading to improved,
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cross-protective vaccines offer the best method of ef-
fective control. Since the researches to produce more
potent, less impairing vaccines have been increasing
recently, in this review, the focus was on the develop-
ment of new vaccines and future perspectives to inform
the scientists the way pasteurellosis vaccine has evo-
Ived and assist them in designing more targeted stud-
ies. Different key words for searching through the da-
tabases and data mining softwares such as Mendeley
and EndNote were used to find the most relevant origi-
nal articles.

Whole cell vaccines

Killed vaccines: These kinds of vaccine formulations,
also called inactivated vaccines, bacterial lysates or
bacterins, have utilized a range of preparation methods,
such as killing of the bacteria by chemical agents, heat,
drying, etc.

In one of the earliest studies, formalin killing of bac-
teria was applied resulting in a vaccine which was ef-
fective, but which elicited only homologous immunity.
Further investigations with formalin killed vaccines by
other scientists found levels of immunity ranging from
60% protection to no protection.

Samina et al evaluated a new route of injection for
an oil-adjuvanted, killed P. multocida vaccine compris-
ing serotypes A:1, A:2 and A:3, and concluded that
injection in the wattle showed better or comparable
protection indices (at 4 and 11 months of age, respec-
tively) compared with the conventional subcutaneous
route. In addition, the observation that no local reac-
tions occurred following wattle vaccination is of eco-
nomic importance, since subcutaneous vaccination may
cause localized inflammatory reactions *.

Arif et al studied immunopotentiation of an outer
membrane protein preparation via anti-idiotype P.
multocida vaccine versus bacterin vaccine in rabbits,
and concluded that OMPs-anti-idiotype vaccine in-
duced high levels of antibody titers, based on protec-
tion studies 2.

Waree et al assessed P. multocida-loaded micropar-
ticles as a hemorrhagic septicemia vaccine and con-
cluded that alginate microparticles were safe and had
the potential to induce protective immunity in mice
even after storage for 6 months at either 4°C or room
temperature 3.

Homayoon M et al used P. multocida serotype A
inactivated with ferric chloride and adjuvanted with
bacterial DNA (bDNA) and concluded that bDNA is
effective as an immune adjuvant, and along with stimu-
latory bDNA represents promising new humoral and
cellular immune enhancers for vaccination applications
and also provides long-term protection against infec-
tion in mice 4.

A range of different adjuvants has been tested to in-
crease the potency of killed vaccines. Results have
been variable, with some studies showing no change,
while others have achieved better potency and longer
lasting immunity of up to 12 months. Outcomes also

depended on the species and age of the vaccinated host,
administration dose, and frequency of administration.
Moreover, cross-protection against heterologous chal-
lenge was achieved in buffalo immunized with forma-
lin-killed, oil-adjuvanted vaccine of P. multocida sero-
types B:2 and B:5. Other attempts to stimulate heterol-
ogous immunity have included the use of multivalent
vaccines containing up to 5 different serotypes. Results
have shown a reduction of symptoms in calves, but not
with fowl cholera. It is noteworthy to mention that vac-
cination with bacterins has multiple side effects, such
as lack of cross serotype protection (heterologous pro-
tection), ineffective and short immunity, and the in-
volvement of immunized animals in disease outbreaks,
and lesions and inflammation at the site of injection.

Table 1 presents pasteurellosis vaccines and vaccine
candidates.

Live attenuated vaccines

This kind of vaccine preparation strategy (live at-
tenuated or avirulent) could be prepared based on mul-
tiple methods such as treating the bacteria in iron defi-
cient environment, use of chemically mutagenic sub-
stances, and virulence genes deletion. Most of them
have homologous protection but acapsular one showed
to have heterologous protection partially. Protection
range of this kind of formulations is up to 97.5% but
route of infection, dose of administrations, quantity of
bacteria in one dose, age of animal, type of animal, co-
feeding by antibiotics may hinder the protection and its
lasting. Some potent forms are P. multocida genes en-
coding toxins deletion, aroA deleted derivative of P.
multocida, marker-free aroA derivative of P. multo-
cida, live temperature-sensitive P. multocida mutant
and P. multocida cexA mutant (PBA875). Acapsular P.
multocida strain (AL18) and P. multocida mutant show
that candidate vaccine protein has some advantages
like induction of heterologous protection, cellular im-
munity induction, longer lasting protection, but they
may have some serious disadvantages like causing sys-
temic infection, disease outbreaks, no or weak protec-
tion against fowl cholera in chickens, and weight gain.

Bierer et al in 1969 compared attenuated live P.
multocida vaccine given in the drinking water every
two weeks to an injected oil-based bacterin adminis-
tered to turkeys and concluded that live water vaccine
given every 2 weeks is superior (p<0.05) to oil-based
bacterin injected once or twice, and that the oil-based
bacterin was better than no treatment at all °.

Bierer et al in 1972 evaluated immunologic re-
sponse of turkeys to an a virulent P. multocida vaccine
in the drinking water and concluded that an avirulent
vaccine used 4 weeks after the use of an oil-based bac-
terin was effective in reducing the total number of in-
fected turkeys at 9, at 16, and at 30 weeks post-
vaccination, but that at 30 weeks post-vaccination, the
reduction of the total number infected was not as great
and the duration of the immunity to the virulent homo-
logous (P-10S9) strain appeared to be similar to the
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Table 1. P. multocida vaccines and vaccine candidates

i i Protection
No Vaccine type Animal Experiment Vaccme/_Vaccme C_hallenge Reference
candidate strain/serotype N %
1 Killed Turkeys HI1 Al A2, A3 X-73 16/15 80/88 Samina, 1999
2 Killed Rabbits Challenge B:2 B:2 serotype 8 100 Arif, 2013
3 Killed Mice Challenge P. multpuda [E- B:2 serotype 10 Gy i Gale Waree, 2013
ed alginate MPs group
. . Challenge/cytokine P. multocida A P. multocida A
4 Killed Mice assay strain PMSHI-9 strain PMSHI-9 17 100 Homayoon, 2018
5] Avirulent Broiler chickens Challenge CU2 strain P-1059 20 50 Bierer, 1969
6 Avirulent Turkeys Challenge P-1059 P-1059 20 97.5 Bierer, 1972
7 Avirulent Turkeys Challenge P-1059 X-73 30 90 Bierer, 1972
8 Auvirulent Turkeys Challenge CU strain P-1059 10 100 Bierer, 1977
9 Avirulent Turkeys Challenge ey StFr,TQB':J"ZZ% P-1059 40 100 Dua, 1978
10 Avirulent Broiler chickens Challenge CU strain X-73 40 95-97.5 Rice, 1977
11 Avirulent Turkeys Challenge Serotype 3 X-73 4 90-100 Singer, 1979
12 Auvirulent Holstilanl;/Ierlesmn Challenge A:3 A:3 11 NA Chengapa, 1989
. L 19G Modified-live P.
13 Avirulent Holstein dairy calves IgM T i s NA 179 5.3 fold more Aubry, 2001
14 Auvirulent Swine Cytokines assay SPML3 vaccine NA 10 NA Zhang, 2007
. . CNP-VRIL254 90
15 Avirulent Mice Challenge CNP-VRIL25 C44-8 15 60 Gao, 2007
16 Avirulent Cattle Challenge AL A6 6 olog 'esgsrt;‘j; control e, 2012
17 Avirulent Mice Challenge N-PMT6 D 12 87.5 Kim, 2010
18 Avirulent Pigs IgG N-PMT 3 Significantly Kim, 2012
increased
19 Avirulent Ducks Challenge O8lﬁqittr:r']? Iy 0818 strain 65 62 Liu Q, 2019
Significantly de-
20 Subunit Piglet Challenge Truncated PMT Type D 7 creased in clinical Riising, 2002
symptoms
. . . Significantly
21 Subunit Rabbits 19G PTE D:3 15 increased Suckow, 2008
22 Subunit Pigs Abs rsPMT Type D 9 Sl_gnlflcantly Chien, 2006
increased
23 Recombinant Mice Abs IL-6 Cca44-8 15 Significantly Gao, 2009
increased
. N . . Significantly .
24 Recombinant Goats Abs Fimbrial protein B:2 15 increased Mohd Yasin, 2011
25 Recombinant Turkeys Challenge rFHAB2 X-73 40 75% Tatum, 2012
26 DNA Vaccine Mice Challenge tbpA p-52 12 83.3 Singh, 2011
27 DNA Vaccine Chicken Challenge pOMPHA CVCC474 20 75 Gong, 2013
28 DNA Vaccine Chicken Challenge ptfA g CVCC474 25 100 Gong, 2018
29 Ghost Mice Challenge NA 2365/A:7 10 100 Marchart, 2003
30 DNA Vaccine Chicken Challenge NA Al 20 100 Herath, 2010
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duration of the immunity to each of the two virulent
heterologous (P-1662 and X-73) strains 6.

Bierer et al in 1972 also evaluated immunologic re-
sponse of turkey poults of various ages to an avirulent
P. multocida vaccine in the drinking water and con-
cluded that turkey poults vaccinated on 35 days of age
and poults vaccinated on 20 days of age experienced an
excellent immunological response by 5 weeks of age.
This response was less evident but, for the most part, it
was still present at 12 weeks of age °.

Bierer in 1977 evaluated the effect of various con-
centrations of the Clemson University (CU) P. multo-
cida vaccine on the immune response against fowl

cholera disease in turkeys and showed its dose depend-
ency on oral use where high doses had near to full pro-
tection 7. This data was reconfirmed by Coates et al in
1977 by designing different experiments 8.

Dua et al evaluated local humoral immunity induced
by a live avirulent fowl cholera vaccine and concluded
that CU strain of P. multocida appeared to generate a
local humoral immunity in the respiratory system
whereas the bacterin did not °.

Rice et al evaluated vaccination routes of chickens
with a live, avirulent P. multocida vaccine and con-
cluded that the subcutaneous route produced the great-
est degree of protection in all experiments and protec-
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tion levels were as high as 95 and 97.5% in broilers
vaccinated subcutaneously and no undesirable lesions
or cheesy masses were formed under the skin in the
back of the necks of broilers 7.

Singer et al evaluated avirulent live P. multocida
vaccine for drinking water and aerosol administration
against turkey cholera and concluded that satisfactory
degree of protection and even cross-immunity is evi-
dent from challenge experiments with both homolo-
gous and heterologous serotypes given as a spray *°.

Catt DM et al studied the efficacy of live P. multo-
cida vaccine for the prevention of experimentally in-
duced bovine pneumonic pasteurellosis and concluded
that live pasteurella vaccine is effective against exper-
imental P. multocida infection in calves 1.

Prantner et al studied comparison of two vaccine
strains and a field isolate and concluded that in addi-
tion to bacteremia and mortality, the ability to replicate
extracellular and to produce septicemic lesions may be
associated with strain virulence. Therefore, the bacteri-
al components expressed by P. multocida that resist the
bactericidal activity of serum and phagocytes may be
important virulence determinants for P. multocida se-
rotype A:3,4 12,

Aubry et al studied health and performance of
young dairy calves vaccinated with a modified-live
Mannheimia haemolytica (M. haemolytica) and P. mul-
tocida vaccine and concluded that M. haemolytica and
P. multocida vaccine, given twice 2 weeks apart, was
effective in increasing titers of antibodies against M.
haemolytica in young dairy calves but did not improve
calf performance or health 3.

Zhang et al studied unmethylated CpG oligodeoxy-
nucleotides (CpG ODN) and immune responses of pig-
lets containing CpG ODN and swine P. multocida liv-
ing vaccine and came to conclusion that the therapeutic
uses envisioned for these ODNSs (as vaccine adjuvants
and immunoprotective agents) may be applicable in
animal husbandry due to their ability to modulate the
immune response towards a Th1-like response 4,

Gao et al studied shuffling of pig interleukin-2 gene
and its immunity enhancement in mice to P. multocida
vaccine and indicated that shuffled IL-2 cloned into
VR1020 eukaryotic plasmid (VRIL2S) entrapped with
chitosan nanoparticles is a novel safe and effective
adjuvant to boost the specific immunity and resistance
of animal against infectious pathogen, which could
facilitate the development of highly promising power-
ful adjuvant 5.

Crouch et al studied cross protection of a M. haemo-
lytica Al Lkt-/P. multocida_hyaE bovine respiratory
disease vaccine against experimental challenge with M.
haemolytica A6 in calves and concluded that the for-
mulation can protect calves against clinical disease
following challenge 6.

Kim et al studied vaccine potential of an attenuated
P. multocida that expresses only the N-terminal trun-
cated fragment of P. multocida toxin in pigs and con-

cluded that pigs vaccinated with the mutant showed
significantly higher rates of antibody induction and
lower nasal conchal (turbinate) scores for atrophic rhi-
nitis than controls, which suggests that this mutant
strain may be a good candidate for a live attenuated
vaccine 7,

Harper M et al reviewed the myriad properties of P.
multocida lipopolysaccharide and concluded that live
attenuated vaccines gave broad protection, and their
efficacy is independent of LPS structure 8,

Oslan SNH et al also studied stability of live attenu-
ated vaccine gdhA derivative P. multocida B:2 by
freeze drying method as an animal vaccine and proved
its stability 1°.

Liu Q et al studied identification of fur in P. multo-
cida and the potential of its mutant as an attenuated
live vaccine and concluded that ducks that were orally
inoculated with the fur mutant strain demonstrated
62% protection efficacy against severe lethal challenge
with the wild-type P. multocida 2°.

Acellular vaccines

Subunit vaccines: This kind of vaccines called "sec-
ond generation vaccines” which are individual or fu-
sion immunogenic part(s) of the pathogens like pro-
teins (polysaccharides). Capsular antigen of pasteurella
was first used as the subunit vaccine against pasteurel-
losis. The Lipopolysaccharide (LPS) of P. multocida,
P. multocida Toxin (PMT), Dermonecrotic Toxin
(DNT), bacterin-toxoid (BT), native and iron regulated
or heat modified Outer Membrane Proteins (OMPs),
bacterial adhesins, purified siderophore receptor pro-
teins lipoprotein E (PIpE) and many others are studied
so far.

Suckow et al evaluated immunization of rabbits
against P. multocida using a commercial swine vaccine
including Inactivated P. multocida Toxin (IPMT) and
concluded that a commercial swine vaccine stimulates
antibody activity to and protective immunity against P.
multocida heat labile toxin in rabbits 2.,

Riising et al studied protection of piglets against
atrophic rhinitis by vaccinating the sow with a vaccine
against P. multocida and concluded that the vaccine
conferred very effective protection against atrophic
rhinitis, because the incidence of clinical signs and the
level of atrophy of the conchae were much lower
among the pigs from the vaccinated sows than among
the pigs from the control sows 22,

Suckow et al used Potassium Thiocyanate Extract
(PTE) produced from P. multocida to vaccinate pas-
teurella free rabbits and concluded that PTE can be
used to stimulate protective immunity to a heterolo-
gous strain of P. multocida, with stronger immunity
generated by subcutaneous than intranasal vaccination
23

This kind of preparation has its noteworthy ad-
vantages like having no live components, so the risk of
inducing the disease is low, and the vaccine is safer
and more stable than live attenuated one and can be
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administered to newborn and people suffering from
weakened immunity.

Some weaknesses of this technique can be enumer-
ated as well. Isolated proteins, if denatured, may bind
to different antibodies than the protein of the pathogen.
It is important to determine which combination of anti-
genic properties will produce an effective immune re-
sponse with the correct pathway; a response may be
elicited, but with no guarantee of memory for future
responses and several doses must be given for proper
life-long immunity.

Recombinant vaccines

This kind of vaccine formulation called third gener-
ation vaccines (or part of second generation) is evolu-
tionary generation and plays a main role in combating
infectious diseases and also has overlap with subunit
vaccines. In case of P. multocida, the first attempt was
non-toxic recombinant derivative of the P. multocida
toxin (rPMT).

Liao CM et al studied immunogenicity and efficacy
of three recombinant subunit P. multocida toxin vac-
cines against Progressive Atrophic Rhinitis (PAR) in
pigs and concluded that non-toxic rsPMT (Short frag-
ments of recombinant subunit P. multocida toxin) pro-
teins are attractive candidates for development of a
subunit vaccine against PAR in pigs 2. This group later
used a vaccine combining 3 different short recombi-
nant proteins and came to conclusion that vaccine
could be used to provide protective immunity for con-
trolling the prevalence and severity of PAR among
farm-raised swine %,

Al-Hasani K et al in 2007 studied 129 proteins as
secreted, located in the outer membrane, or lipopro-
teins and identified 12 immunogens of P. multocida
among which 6 were novel potent immunogens in
chickens 2.

Other recombinant proteins are P6-like protein,
OmpH, OmpA, adhesive protein (rCp39), filamentous
hemagglutinin peptides (rFHAB2), P. multocida lipo-
protein E (PIpE), OmpH and lipoprotein E (PIpE)
genes fusion (PIpEC-OmpH), recombinant clone ABA-
392, and sub-clone CSI57 J.

Gao et al studied promotion of immunity of mice to
P. multocida and hog cholera vaccine by pig interleu-
kin-6 gene and CpG motifs and concluded that VR1020
plasmid containing pig interleukin-6 gene on chitosan
nanoparticles (VPIL6C) could better promote the im-
munity and resistance of mice against pasteurellosis
than conventional bivalent vaccine and facilitate the
development of effective adjuvant to enhance the im-
munity of animal against infection %

Also, it is noteworthy to mention that soluble and
insoluble PIpE both in mice and chickens protected
against heterologous challenges 2. Peptides of OmpH
protected mice against homologous, and chickens
against heterologous challenges %. Lastly, fragments of
recombinant filamentous haemagglutinin protein Fha-
B2 elicited protection in turkeys 2.

Mohd Yasin IS et al evaluated efficacy of an inacti-
vated recombinant vaccine encoding a fimbrial protein
of P. multocida B:2 against hemorrhagic septicemia in
goats and concluded that inactivated recombinant vac-
cine significantly provides significant protection against
high dose challenge and enhances the stimulation of
the local and systemic immunities %,

Tatum et al studied cross protection against fowl
cholera with the use of recombinant P. multocida
FHAB?2 peptides vaccine and concluded that vaccina-
tion with rFHAB2 (recombinant Filamentous Hemag-
glutinin) peptides significantly protected turkeys against
lethal challenge from both P. multocida serotypes 3.

Same advantages and disadvantages of subunit vac-
cine could be indicated for this type of preparation and
also protein folding and modifications are extra disad-
vantage.

DNA vaccines

This kind of vaccines called third or fourth genera-
tion vaccines. DNA vaccine derived from P. multocida
Toxin (PMT) gene was first used in this field.

Singh S et al studied immune response to DNA vac-
cine expressing transferrin binding protein, a gene of P.
multocida and concluded that the bicistronic DNA vac-
cine provided superior immune response and protection
level following challenge as compared to monocistron-
ic construct 32,

Gong et al studied immune responses and protective
efficacy of a novel DNA vaccine encoding outer mem-
brane protein (OmpA and OmpH and fusion) of avian
P. multocida and concluded that protection provided by
divalent combination and fusion DNA vaccines was
superior to that provided by monovalent DNA vaccines
and the protective efficacy in chickens immunized
three times with the fusion DNA vaccine was equiva-
lent to the protective efficacy in chickens vaccinated
once with the attenuated live vaccine 33,

Gong et al in 2018 studied the ptfA chitosan nano-
particle DNA vaccine against P. multocida and its im-
mune response in chickens and concluded that chitosan
was able to enhance the immune response to a naked
DNA vaccine based on the ptfA gene of P. multocida
34

Outer membrane protein DNA vaccines such as
OMP-DNA vaccines (pOmpH, pOmpA, pOmpHA),
OmpH, PIpEN and PIpEC, divalent combination of pc-
DNA-OmpH +pcDNA-OmpA, pOmpH +pOmpA, pc-
DNA-OmpH, pOmpH and pcDNA-OmpA, pOmpA
and some others are the result of scientist attempts to
achieve potent DNA vaccine against P. multocida.

There are some advantages and disadvantages for
this kind of vaccine preparation strategy like having no
risk for infection, antigen presentation by both MHC
class 1 and class Il molecules, polarise T-cell response
toward type 1 or type 2, immune response focused on
antigen of interest, ease of development and produc-
tion, stability for storage and shipping, cost-effective-
ness, not requiring peptide synthesis, expression and

Avicenna Journal of Medical Biotechnology, Vol. 12, No. 3, July-September 2020


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://en.wikipedia.org/wiki/Major_histocompatibility_complex
https://en.wikipedia.org/wiki/MHC_class_I
https://en.wikipedia.org/wiki/MHC_class_II

Mostaan S, et a/

purification of recombinant proteins and use of toxic
adjuvants, long-term persistence of immunogen, in
vivo expression ensuring protein resemblance to nor-
mal eukaryotic structure, with accompanying post-
translational modifications, being limited to protein
immunogens (not useful for non-protein based antigens
such as bacterial polysaccharides), risk of affecting
genes controlling cell growth, possibility of inducing
antibody production against DNA, possibility of toler-
ance to the antigen (protein) produced, potential for
atypical processing of bacterial and parasite proteins.

Other vaccine strategies

Marchart J et al studied P. multocida ghosts as new
vaccine candidates and showed animals which received
1.15%108 ghosts and a challenge dose of up to 60 cfu
manifesting 100% protection. According to these re-
sults, they suggest ghosts of P. multocida as new vac-
cine candidates .

Herath et al studied iron-inactivated P. multocida A:
1 vaccine adjuvanted with bacterial DNA and suggest-
ed that use of bacterial DNA as an adjuvant can im-
prove the cost-effectiveness of inactivated veterinary
vaccines for their use in developing countries .

Ren W et al studied dietary L-proline supplementa-
tion immunostimulatory effects on mice immunized by
inactivated P. multocida vaccine and came to conclu-
sion that dietary proline supplementation confers bene-
ficial immunostimulatory effects 3. There is no evi-
dence for Killed But Metabolically Active (KBMA)
vaccine strategy against P. multocida yet.

Conclusion

In case of pasteurellosis vaccine potency evaluation,
high serum levels of IgG antibodies do not mean clear-
ance of or resistance to pasteurella infection but rather
is indicative of chronic infection, so vaccine or vaccine
candidate potency studies based on elevated 1gG levels,
seem not to be a concern.

Several pasteurella outer membrane proteins have
potential targets for vaccine development, e.g., antisera
against the outer membrane protein Oma87 protected
mice against a lethal dose challenge of P. multocida.
Vaccination with P. multocida strain P-1059, recombi-
nant adhesion protein Cp39, protected chickens from
challenge with strain P-1059 (Serotype A:3) and strain
X-73 (Serotype A:1). OmpH-specific antibodies were
more effective than OmpA-specific antibodies in con-
trolling P. multocida growth in mice, presumably by
enhancing PMN phagocytosis. Full-length OmpH was
more effective than shorter fragments of it as a vaccine
against P. multocida isolated from a case of atrophic
rhinitis in a mice challenge model. OmpA elicits a
strong antibody response, but it has no protective po-
tential in a mice model of infection. Type 4 fimbria
subunit of serotype A, B, and D strains has good poten-
tial as a vaccine candidate; but, potent vaccine was
only reported for the fimbria protein from serotype B:2
against hemorrhagic septicemia in goats.

Using in silico tools, 98 avian strain Pm70 genes
and 107 non toxicogenic porcine strain 3480 genes
were selected as encoding putative OMPs. Out of them,
71 recombinant proteins, mostly insoluble, were clon-
ed, expressed and purified and tested for their immuni-
ty improvement potential. Only one of them, pasteurel-
la lipoprotein E (PIpE), was found as a good vaccine
candidate against P. multocida in chickens and mice
challenges, which confirmed previously reported re-
sults using the PIpE cloned from the avian serotype
A:1 strain X-73. This fact that PIpE knockout mutant
strain retained full virulence shows it has no role in
virulence of P. multocida. Conjugated vaccines includ-
ing multiple antigens, such as OmpH plus PIpE pep-
tides, have also shown promise. There are some other
vaccine candidates such as filamentous hemagglutinin
protein (FhaB2), iron-regulated Omps, LPS, etc. and
vaccination with peptides derived from FhaB2 protect-
ed turkeys from fowl cholera upon challenge with P.
multocida P1059. LPS seems to be a major virulence
factor and immunogen of P. multocida, but its use as a
vaccine candidate is influenced by structural heteroge-
neity of different serovars. Several in vivo-expressed
surface antigens have been identified as potential vac-
cine candidates.

Some Omps taking role as iron-regulators which are
expressed during P. multocida infection have been
studied so far as potential immunogens. For instance,
the 96 kDa heme acquisition system receptor (HasR)
protein is a conserved Omp which is exposed in sur-
face of most of the P. multocida isolates. HasR is ex-
pressed when iron is low to be acquired in vivo and
induces protection against bovine P. multocida. Sero-
type A:1 strain of P. multocida whole-cell vaccine has
also been explored based on inactivation by treatment
with high iron concentrations.

A few bacterin and/or toxin based vaccines are
available commercially. A commercial vaccine against
fowl cholera (chickens and turkeys), sold as Cholera-
muneM, Multimunem, or M-Ninevax-C, is available
and is based on a freeze-dried preparation of a live,
avirulent avian isolate of P. multocida M-9 strain (A
serotype A:3-A:4 cross). A trivalent combination vac-
cine against fowl cholera (for ducks, chickens, and
other poultry) and rabbit pasteurellosis, sold as Landa-
vax, is available as an inactivated bacterin oil emulsion
of P. multocida serotype A:1, A:3, and A:4 strains.

Recent studies in genetic, biochemical, and viru-
lence factors of P. multocida and other Pasteurellaceae
family members resulted in remarkable understanding
of disease mechanisms of these organisms and led to
the development of new non-bacterin vaccines, several
of which are now available commercially for animal
use.

Our interactions with pets and other domestic and
wild animals are unlikely to diminish in the future.
Mounting evidence suggests that such contacts that
result in P. multocida infection can lead to outcomes
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ranging from benign to disastrous. Considering the
high prevalence of pasteurella species as part of the
microbiota of domestic and wild animals, it is suggest-

ed

to consider zoonotic transmission of P. multocida as

a serious risk for infection.

Acknowledgement
This paper is as the result of Pasteur Institute of Iran

dissertation.

10.

11.

12.

References

Samina I, Khinich Y, Peleg BA. Vaccination of turkeys
in the wattles (dewlap) with turkey meningo-encephalitis
live vaccine and P. multocida killed-in-oil vaccine. Avian
Pathology 1999;28(5):495-499.

Arif J, Rahman SU, Arshad M, Akhtar P. Immunopoten-
tiation of outer membrane protein through anti-idiotype
P. multocida vaccine in rabbits. Biologicals 2013;41(6):
339-344.

Nimtrakul P, Atthi R, Limpeanchob N, Tiyaboonchai W.
Development of P. multocida-loaded microparticles for
hemorrhagic septicemia vaccine. Drug Dev Ind Pharm
2015;41(3):423-429.

Homayoon M, Tahamtan Y, Kargar M, Hosseini SMH,
Ahavan Sepahy A. Pasteurella multocida inactivated with
ferric chloride and adjuvanted with bacterial DNA is a
potent and efficacious vaccine in Balb/c mice. J Med
Microbio 2018;67(9):1383-1390.

Bierer BW, Scott WF. Comparison of attenuated live P.
multocida vaccine given in the drinking water every two
weeks to an injected oil-base bacterin administered to
turkeys. Poult Sci 1969;48(2):520-523.

Bierer BW, Derieux WT. Immunologic response of turk-
eys to an avirulent P. multocida vaccine in the drinking
water. Poult Sci 1972 Jul;51(4):1402-1408.

Rice JT, Dick JW, Bierer BW. Subcutaneous vaccination
of chickens with a live, avirulent P. multocida, Vaccine.
Poult Sci 1978;57(6):1514-1518.

Coates SR, Jensen MM, Brown ED. The response of tur-
keys to varying doses of live oral P. multocida vaccine.
Poult Sci 1977;56(1):273-276.

Dua SK, Maheswaran SK. Studies on P. multocida. VII.
dynamics and temporal development of local humoral
immunity induced by a live avirulent fowl cholera
vaccine. Avian Dis 2006;22(4):771-777.

Singer N, Malkinson M. An avirulent live P. multocida
vaccine for drinking water and aerosol administration
against Turkey cholera. Avian Pathol 1979;8(4):391-399.

Catt DM, Chengappa MM, Kadel WL, Herren CE. Pre-
liminary studies with a live streptomycin-dependent P.
multocida and Pasteurella haemolytica vaccine for the
prevention of bovine pneumonic pasteurellosis. Can J
Comp Med 1985;49(4):366-371.

Prantner MM, Harmon BG, Glisson JR, Mahaffey EA.
The pathogenesis of P. multocida serotype A:3,4 infec-
tion in Turkeys: A comparison of two vaccine strains and
a field isolate. Avian Dis 2006;34(2):260-266.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Aubry P, Warnick LD, Guard CL, Hill BW, Witt MF.
Health and performance of young dairy calves vaccinated
with a modified-live Mannheimia haemolytica and P.
multocida vaccine. J Am Vet Med Assoc 2001;219(12):
1739-1742.

Zhang L, Tian X, Zhou F. CpG oligodeoxynucleotides
augment the immune responses of piglets to swine P.
multocida living vaccine in vivo. Res Vet Sci 2007;83
(2):171-181.

Xie Z, Li H, Chen J, Zhang HB, Wang YY, Chen Q, et
al. Shuffling of pig interleukin-2 gene and its enhancing
of immunity in mice to P. multocida vaccine. Vaccine
2007;25(48):8163-8171.

Crouch CF, LaFleur R, Ramage C, Reddick D, Murray J,
Donachie W, et al. Cross protection of a Mannheimia
haemolytica Al Lkt-/P. multocida AhyaE bovine respira-
tory disease vaccine against experimental challenge with
Mannheimia haemolytica A6 in calves. Vaccine 2012;30
(13):2320-2328.

Kim T, Son C, Lee J, Kim K. Vaccine potential of an
attenuated P. multocida that expresses only the N-ter-
minal truncated fragment of P. multocida toxin in pigs.
Can J Vet Res 2012;76(1):69-71.

Harper M, Boyce JD. The myriad properties of P.
multocida lipopolysaccharide. Toxins 2017;9(8):254.

Oslan SNH, Halim M, Ramle NA, Saad MZ, Tan JS,
Kapri MR, et al. Improved stability of live attenuated
vaccine gdhA derivative P. multocida B:2 by freeze
drying method for use as animal vaccine. Cryobiology
2017;79:1-8.

Liu Q, Hu Y, Li P, Kong Q. Identification of Fur in P.
multocida and the potential of its mutant as an attenuated
live vaccine. Front Vet Sci 2019;6(February):1-12.

Suckow MA. Immunization of rabbits against P. multo-
cida using a commercial swine vaccine. Lab Anim 2000;
34(4):403-408.

Riising HJ, Van Empel P, Witvliet M. Protection of
piglets against atrophic rhinitis by vaccinating the sow
with a vaccine against P. multocida and Bordetella bron-
chiseptica. Vet Rec 2002;150(18):569-571.

Suckow MA, Haab RW, Miloscio LJ, Guilloud NB.
Field trial of a P. multocida extract vaccine in rabbits. J
Am Assoc Lab Anim Sci 2008;47(1):18-21.

Liao CM, Huang C, Hsuan SL, Chen ZW, Lee WC, Liu
Cl, et al. Immunogenicity and efficacy of three recom-
binant subunit P. multocida toxin vaccines against prog-
ressive atrophic rhinitis in pigs. Vaccine 2005;24(1):27-
35.

Hsuan SL, Liao CM, Huang C, Winton JR, Chen ZW,
Lee WC, et al. Efficacy of a novel P. multocida vaccine
against progressive atrophic rhinitis of swine. Vaccine
2009;27(22):2923-2929.

Al-Hasani K, Boyce J, McCarl VP, Bottomley S, Wilkie
I, Adler B. lIdentification of novel immunogens in P.
multocida. Microbial Cell Factories 2007;6:1-5.

Zhao ZZ, Zhang HB, Chen Q, Su D, Xie Z, Wang Y, et
al. Promotion of immunity of mice to P. multocida and
hog cholera vaccine by pig interleukin-6 gene and CpG

Avicenna Journal of Medical Biotechnology, Vol. 12, No. 3, July-September 2020


https://www.ncbi.nlm.nih.gov/pubmed/30016232
https://www.ncbi.nlm.nih.gov/pubmed/30016232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Derieux%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=4630561
https://www.ncbi.nlm.nih.gov/pubmed/4630561
https://www.ncbi.nlm.nih.gov/pubmed/4630561
https://www.ncbi.nlm.nih.gov/pubmed/605007
https://www.ncbi.nlm.nih.gov/pubmed/3907804
https://www.ncbi.nlm.nih.gov/pubmed/3907804
https://www.ncbi.nlm.nih.gov/pubmed/17223146
https://www.ncbi.nlm.nih.gov/pubmed/18210993
https://www.ncbi.nlm.nih.gov/pubmed/18210993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsuan%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZW%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=16122849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsuan%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19428902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19428902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19428902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winton%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19428902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZW%5BAuthor%5D&cauthor=true&cauthor_uid=19428902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=19428902

28.

29.

30.

31.

32.

Mostaan S, et a/

motifs. Comp Immunol Microbiol Infect Dis 2009;32(3):
191-205.

Wu JR, Shien JH, Shieh HK, Chen CF, Chang PC.
Protective immunity conferred by recombinant P. multo-
cida lipoprotein E (PIpE). Vaccine 2007;25(21):4140-
4148.

Tatum FM, Tabatabai LB, Briggs RE. Cross-protection
against fowl cholera disease with the use of recombinant
P. multocida FHAB2 peptides vaccine. Avian Dis 2012;
56(3):589-591.

Mohd Yasin IS, Mohd Yusoff S, Mohd ZS, Abd Wahid
Mohd E. Efficacy of an inactivated recombinant vaccine
encoding a fimbrial protein of P. multocida B:2 against
hemorrhagic septicemia in goats. Trop Anim Health Prod
2011;43(1):179-187.

Johnson TJ, Abrahante JE, Hunter SS, Hauglund M,
Tatum FM, Maheswaran SK, et al. Comparative genome
analysis of an avirulent and two virulent strains of avian
P. multocida reveals candidate genes involved in fitness
and pathogenicity. BMC Microbiol 2013;13(1):1.

Singh S, Singh VP, Cheema PS, Sandey M, Ranjan R,

33.

34.

35.

36.

Kumargupta S, et al. Immune response to dna vaccine
expressing transferrin binding protein a gene of P.
multocida. Braz J Microbiol 2011;42(2):750-760.

Gong Q, Kong LY, Niu MF, Qin CL, Yang Y, Li X, et
al. Construction of a ptfA chitosan nanoparticle DNA
vaccine against P. multocida and the immune response in
chickens. Veterinary J 2018;231:1-7.

Marchart J, Dropmann G, Lechleitner S, Schlapp T,
Wanner G, Szostak MP, et al. P. multocida- and Past-
eurella haemolytica-ghosts: new vaccine candidates.
Vaccine 2003;21(25-26):3988-3997.

Herath C, Kumar P, Singh M, Kumar D, Ramakrishnan
S, Goswami TK, et al. Experimental iron-inactivated P.
multocida A: 1 vaccine adjuvanted with bacterial DNA is
safe and protects chickens from fowl cholera. Vaccine
2010;28(11):2284-2289.

Ren W, Zou L, Ruan Z, Li N, Wang Y, Peng Y, et al.
Dietary I-proline supplementation confers immunostimu-
latory effects on inactivated P. multocida vaccine immu-
nized mice. Amino Acids 2013;45(3):555-561.

Avicenna Journal of Medical Biotechnology, Vol. 12, No. 3, July-September 2020

147



