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AbSTRAcT. Recombinant outer membrane protein H (rOmpH) is a potential fowl cholera vaccine candidate. The present study was aimed at 
developing rOmpH formulations for intranasal administration. The rOmpH was purified and formulated with either Escherichia coli entero-
toxin b (LTb) or cpG oligodeoxynucleotides (ODN) as an adjuvant. Antibody responses in chickens intranasally immunized with rOmpH 
in combination with 2 different adjuvants were significantly increased (P<0.05) post immunization. chicken survival rates showed that 
rOmpH formulated with ODN and LTB elicited 90% and 70% protection, respectively. Our findings indicated that rOmpH formulated with 
ODN elicited protection better than that formulated with LTb. Therefore, the vaccines formulations in the present study can be considered 
new intranasal vaccine formulations for fowl cholera in chickens.
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Pasteurella multocida, a Gram-negative facultative bac-
terium, is the causative agent of fowl cholera (Fc) in avian 
species. The disease affects the poultry industry very severely 
as the high morbidity and the high mortality result in large 
economic losses. P. multocida A: 1, A: 3 and A: 4 have been 
found to be the major causes of fowl cholera throughout the 
world [14–16]. commercially available vaccines, at pres-
ent, are live attenuated vaccines and bacterin vaccines [5]. 
Live attenuated vaccines provide protective immunity, but 
the residual of virulence can affect the laying rate, and it is 
possible that an outbreak can occur. Outer membrane protein 
H (OmpH) is a major outer membrane protein found in the 
P. multocida envelope. It is a porin protein that is highly 
conserved among the Gram-negative bacterial species. Early 
studies on OmpH have found that the protein has potential 
as a Fc vaccine candidate [6, 19]. Our previous study for-
mulated a recombinant OmpH-based fowl cholera vaccine 
for chickens by intramuscular administration [19]. The route 
of vaccine administration plays an essential and significant 
role in practical usage. Administration by a parenteral route, 
particularly in the case of the intramuscular route, is generally 
practiced; however, this carries the risk of needle stick injury 
or pain. Mucosal vaccination is a noninvasive method and has 
several advantages over traditional systemic vaccines, such as 

less risk of needle stick injury, pain or cross-contamination [8, 
13, 21]. Moreover, mucosal vaccination is widely considered 
to be more acceptable and simpler to administer orally or 
nasally than vaccination via injection. Additionally, the pri-
mary reason for using mucosal vaccines is that the mucosal 
surface is the first-line host defense mechanism. Enormous 
bacterial or viral infections inspire challenge of developing 
mucosal vaccines targeted at inducing local immunity against 
adhesion and colonization at the mucosal surface [8]. As a 
consequence, it is very challenging to develop new types of 
vaccine formulations with good efficacy, good safety, lower 
cost of production and practicality with regard to herd health 
production. Although the route of avian P. multocida infec-
tion is mainly the respiratory tract, an intranasal fowl cholera 
vaccine in chickens has not been formulated yet. Thus, the 
present study was aimed at developing an intranasal OmpH-
based fowl cholera vaccine formulations by investigating the 
antibody responses against the vaccines and the protective 
efficacy in meeting the related challenges.

MATERIALS AND METHODS

Bacterial strains, plasmids, media and growth conditions: 
P. multocida strain X-73 (serovar A:1, ATcc15742) was 
grown in tryptose broth (Tb; Difco Laboratories, Sparks, MD, 
U.S.A.) at 37°c for 6 hr and then subcultured on dextrose 
starch agar (DSA; Difco) at 37°c for 18 hr. E. coli strain PQE-
ompH [19] was grown at 37°c in Luria-bertani (Lb) broth 
or on Lb agar supplemented with 100 µg/ml ampicillin and 
25 µg/ml kanamycin (Sigma-Aldrich, St. Louis, MO, U.S.A.).

Preparation of recombinant OmpH expressed from an E. 
coli host: The recombinant OmpH (rOmpH) was expressed 
according to our previous study [19]. Briefly, E. coli strain 
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PQE-ompH glycerol stock was streaked on Lb agar con-
taining 100 µg/ml ampicillin and 25 µg/ml kanamycin, and 
incubated at 37°c for 18 hr. After incubation, a single colony 
was picked and inoculated into 20 ml Lb broth containing 
100 µg/ml ampicillin and 25 µg/ml kanamycin. The culture 
was grown at 37°c for 18 hr, with horizontal shaking at 
210 rpm. A one-liter culture (Lb broth, 100 µg/ml ampicillin 
and 25 µg/ml kanamycin) was inoculated at the ratio 1:50 
with the overnight culture and allowed to continue growing 
under the same growth conditions until an OD600 of 0.5–0.7 
(mid-log phase) was reached. Recombinant protein expres-
sion was subsequently induced by the addition of isopropyl-
β-D-thiogalactopyranoside (IPTG; Amresco, Solon, OH, 
U.S.A.) to a final concentration of 1 mM, and the culture was 
incubated for an additional 4–5 hr. Finally, the cells were 
harvested by centrifugation at 4,000 × g for 20 min at 4°c 
and kept at −20°C for further application.

Purification of rOmpH: The purification process for the 
recombinant protein in this study was a modified form of the 
electroelution method. Briefly, the cell pellets were lysed in 
native lysis buffer (50 mM NaH2PO4, 300 mM Nacl, 10 mM 
imidazole; pH 8.0), with gentle shaking at 4°c for 1 hr. 
Then, the suspension was centrifuged at 10,000 rpm at 4°c 
for 30 min. The supernatant was saved and placed into the 
chamber of an electroelutor (Nativen, ATTO, Tokyo, Japan). 
Approximately 1,500 µg of the total protein was run on a 
preparative 12.5% sodium dodecyl sulfate (SDS) polyacryl-
amide gel column (10 mm stacking gel and 30 mm separating 
gel) in sample buffer (4% SDS, 50 mM Tris, 20% glycerol, 
0.005% bromophenol blue). The conditions for the protein 
collection were calculated according to the manufacturer’s 
instruction (delay time, 200 min; EP time, 2 min; filling time, 
100 sec; collecting time, 120 sec; 15 mA). The rOmpH frac-
tions were collected in the collection buffer (371 mM Tris, 
5% sucrose; pH 8.8) and kept at −20°C for further analysis.

Electrophoresis and immunoblotting: Samples were 
subsequently analyzed by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) according to 
the Laemmli method [10] in order to detect the expressed 
target recombinant protein. The samples were prepared in 
sample buffer (50 mM Tris, 5% β-mercaptoethanol, 20% 
glycerol, 0.005% bromophenol blue, 4% SDS) and boiled at 
95°c for 5 min. Thereafter, they were analyzed on a 12.5% 
SDS-PAGE slab gel in a mini-slab apparatus (bio-Rad 
Laboratories, Hercules, cA, U.S.A.). The SDS-PAGE slab 
gels were then subjected to staining with coomassie bril-
liant blue R-250 (Sigma-Aldrich) for protein band detec-
tion. For the immunoblotting procedure, the proteins were 
transferred from the SDS-PAGE slab gel to a nitrocellulose 
membrane (bio-Rad). Then, the membranes were incubated 
with a dilution of 1:5,000 Anti-6-His-tag horseradish per-
oxidase conjugated antibody (Anti-HisG-HRP Antibody, 
Invitrogen, carlsbad, cA, U.S.A.) in blocking buffer (1% 
bSA, 0.05% Tween20 in PbS) for 1 hr at room temperature 
to detect the 6×His-tag rOmpH or incubated with a dilution 
of 1:1,000 chicken serum against rOmpH from a previous 
study [19] in blocking buffer for 1 hr at room temperature 
and subsequently incubated with a 1:1,500 dilution of HRP-

conjugated rabbit anti-chicken IgY (IgG; Alpha Diagnostic 
International, San Antonio, TX, U.S.A.) for 1 hr at room 
temperature. The proteins were visualized via incubation 
with 3,3′diaminobenzidine (DAB; Invitrogen).

Chickens: One hundred and thirteen Hi-sex brown chick-
ens at the age of 21-week were used in this study (RPM 
Farm & Feed Co., Ltd., Chiang Mai, Thailand). Briefly, 
there were 19 chickens per group in groups 1–3; there were 
9 chickens for tracheal lavage and 10 chickens were left for 
challenge exposure. There were 14 chickens in groups 4–7; 
there were 9 chickens for tracheal lavage and 5 chickens for 
challenge exposure. The animal welfare committee of the 
Faculty of Veterinary Medicine, chiang Mai University, was 
in control of the use of the laboratory animals, in accordance 
with the laboratory animal ethics. The experiments followed 
the Guide for the care and Use of Agricultural Animals in 
Research and Teaching (the Ag Guide, FASS 2010).

Immunization: The rOmpH concentration was measured 
using a bcA Protein Assay Kit (Pierce®, Rockford, IL, 
U.S.A.), according to the manufacturer’s instructions. The 
immunogen was formulated at a desired concentration 
with the following mucosal adjuvants: 10 µg ODN 2007 
(5′- tcg tcg ttg tcg ttt tgt cgt t −3′; ODN; InvivoGen, San 
Diego, cA, U.S.A.) or 3 µg E. coli Heat-Labile Enterotoxin, 
b subunit (LTb, Sigma-Aldrich), in 60 µl per dosage. Ad-
ditionally, rOmpH was also emulsified with an equal vol-
ume of Freund’s incomplete adjuvant (Sigma-Aldrich) for 
intramuscular immunization. The chickens were divided 
into 6 groups based on the vaccine formulation and route of 
vaccine administration (Table 1). All the chickens were also 
observed for clinical signs and behavioral changes before 
and after immunization.

Determination of antibody responses: Antibody responses, 
serum IgY and secretory IgA in chickens were determined by 
ELISA. blood samples were collected on days 0, 7, 14, 21, 
28 and 35 of the experiments. In addition, three chickens in 
each group were sampled and euthanized on days 0, 14 and 
28 of the experiments, and the tracheal lavage was performed. 
Then, the sera or tracheal lavage solutions were subjected to 
immunoblotting and ELISA procedures. Antibody responses 
in the chicken sera were determined by measuring of the IgY 
titers using a commercial indirect ELISA test kit (ProFLOK®, 
Synbiotics, Kansas city, MO, U.S.A.). In additions, the 
secretory IgA was determined with an IgA chicken ELISA 
Kit (ab157691, Abcam®, cambridge, U.K.). The average log 
titers and the standard error of the mean of each group were 
calculated according to the manual’s recommendation.

Challenge exposure: All the chickens were challenge-
exposed with a 100 LD50 dose via intranasal administration. 
The non-immunized control chickens were also exposed to 
the bacteria in the same manner. The birds were observed for 
their mortality rates and clinical signs for 7 days. Necropsies 
and bacterial isolation were undertaken for dead chickens. 
The gross lesions were recorded, and lungs, livers, spleens, 
kidneys and hock joints were collected for bacterial isolation 
by direct culture using blood agar plates.

Statistical analyses: Fisher’s exact test was used to evalu-
ate the efficacy of the different formulations. The level of 
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significance was P<0.05. The differences in ELISA antibody 
titers between the vaccinated groups and the non-vaccinated 
control group were analyzed using the Student’s t-test.

RESULTS

Expression and purification of recombinant proteins: 
The E. coli strain PQE-ompH whole cell lysates showed an 
overexpressed band at approximately 39 kDa (6×histidine 
tag included) on SDS-PAGE (Fig. 1). The rOmpH fractions 
from the electroelutor showed nice clear bands with the 
same target molecular mass as shown in Fig. 1. The E. coli 
strain PQE-ompH whole cell lysate and the purified rOmpH 
fractions were probed with chicken serum against rOmpH 
from a previous study [19] or the anti-HisG-HRP antibody 
6×histidine tag-rOmpH in order to confirm the overex-
pressed band, as illustrated in Fig. 1. The results showed the 
immunoreactivity of the immunized chicken serum against 
rOpmH in both the E. coli strain PQE-ompH cell lysates 
(prior to purification) and the purified rOmpH fractions.

Protectivity: A total volume of 60 µl of bacterial suspen-
sion containing 2.8 × 108 cFU of strain X-73 was intrana-
sally challenge-exposed. The protectivity in the chickens 
immunized with the LTb-based vaccine was 70%, while 
that in those immunized with the ODN-based vaccine was 
90%. However, Fisher’s exact test analysis indicated no sig-
nificant difference in the protection conferred by these two 
formulations (P<0.05). complete protection of the chickens 
from fowl cholera was obtained by vaccination with the 
Department of Livestock Development (DLD; Ministry of 
Agriculture and cooperatives, Thailand) vaccine or by in-
tramuscular rOmpH vaccine formulations. Also, there was 
no significant difference between the proportions of pro-
tection conferred by these vaccine formulations (P<0.05). 
Moreover, there was no significant difference between the 
proportions of protection conferred by these 4 vaccine for-
mulations (P<0.05). No survivor was observed in LTb- or 
ODN-immunized chickens exposed to the bacterial strain.

Clinical signs, gross lesions and bacterial isolation: There 
was no behavior change observed in any of the chickens after 

Table 1. Protections conferred in chickens vaccinated with the vaccine formulations upon challenge 
exposure with 100 LD50 of live P. multocida strain X-73

Group Vaccine formulation (per dose) Route No. of 
immunizationsa)

No. of survivors / challenged 
(% protection)

1 50 µg rOmpH + 10 µg ODN IN b) 19 9/10 (90)d)

2 50 µg rOmpH + 3 µg LTb IN 19 7/10 (70)d)

3 100 µg rOmpH + Freund’s incomplete IM c) 19 10/10 (100)d)

4 DLD bacterin e) IM 14 5/5 (100)d)

5 10 µg ODN IN 14 0/5 (0)
6 3 µg LTb IN 14 0/5 (0)
7 50 µg rOmpH IN 14 0/5 (0)

a) Three chickens were collected from each group for the tracheal lavage on days 0, 14 and 28. b) Intranasal 
administration at 60 µl per dose. c) Intramuscular administration at 1 ml per dose. d) Statistically significant 
as compared with the control groups, P<0.05. e) The DLD bacterin vaccine is a bacterin vaccine which 
manufactured by the bureau of Veterinary biologics, Department of Livestock Development, Ministry of 
Agriculture and cooperatives, Thailand.

Fig. 1. Immunoblotting of the rOmpH used in this study. The samples were run on a 12.5% SDS-polyacrylamide gel (a) and 
transferred to a nitrocellulose membrane. Immunoblotting of the rOmpH was done by probing with chicken sera against 
the rOmpH (b) or the anti-HisG-HRP antibody (c). Lane M, protein ladder; lane 1, cell lysates of the E. coli host (prior to 
purification); and lane 2, rOmpH fraction purified from the electroelutor. The numbers on the left indicate the positions of 
the molecular mass standards (in kilodaltons).
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immunization in the OmpH group. In the DLD group, mild 
depression was observed at 24 hr after immunization. Ad-
ditionally, it needs to be mentioned that egg laying continued 
at the same rate (data not shown). However, mild inflamma-
tion was observed at the injection site in all the chickens, 
but this did not interfere with the behavior of the chickens 
and it was healed within 3–5 days after injection. chickens 
in the non-immunized control groups started to show clini-
cal signs, such as depression, anorexia, severe diarrhea, and 
loss of appetite, at 6–8 hr after challenge exposure. At 12 hr, 
some chickens were found dead, and all of the chickens in 
this group died within 24 hr.

The necropsy results demonstrated lesions of fowl chol-
era, for example, multiple necrotic foci in the liver and/or 
spleen, lung congestion and edema, multiple petechiae in the 
liver, hemorrhage in the small intestines and splenomegaly, 
in all the chicken carcasses. Moreover, there were 2 cases 
that showed fibrinopurulent peritonitis and salpingitis. In ad-
dition, P. multocida was recovered in pure cultures from the 
specimens of all the dead chickens.

Serum IgY profile: Serum IgY was detected in chickens 
immunized with the intranasal vaccine (Fig. 2). The levels 
of chicken serum IgY titers were found to be empirically in-
creased after immunization with the DLD bacterin or rOmpH 
plus Freund’s incomplete adjuvant vaccine. Moreover, the 
serum IgY titers derived from both intranasal vaccine for-
mulations were observed to have slightly increased after 
immunization. However, there was a significant difference 
in serum IgY titers after day 28 between parenteral vaccines 
and intranasal vaccines. On the other hand, there was no 
change in antibody titer in any chicken immunized with LTb 
or ODN. Therefore, the results indicated that the intranasal 
vaccine formulations are able to induce serum IgY against P. 

multocida strain.
Secretory IgA profile: Secretory IgA was also detected in 

chickens immunized with the intranasal vaccine as illustrated 
in Fig. 3. The chicken secretory IgA titers were found to have 
slightly increased after immunization with the DLD bacterin 
or rOmpH plus Freund’s incomplete adjuvant vaccine. Inter-
estingly, secretory IgA titers derived from both intranasal vac-
cine formulations were observed to have empirically increased 
in the first 2 weeks of the experiments, and there was no dif-
ference in secretory IgA titers after day 14 between parenteral 
vaccines and intranasal vaccines. However, this phenomenon 
remained significant difference along the experiments. The 
results revealed that the level of secretory IgA among the 
vaccine groups showed no significant difference during the 
experiments. On the other hand, there was no change in the 
titer of secretory IgA antibodies against the P. multocida strain 
in any chicken immunized with LTb or ODN. Therefore, the 
results indicated that the intranasal vaccine formulations are 
able to induce secretory IgA against P. multocida strain.

DIScUSSION

Outer membrane proteins (Omps) of P. multocida are 
some of the virulent factors that play an important role in 
pathogenesis [7]. Among its Omps, OmpH is one of the 
major outer membrane proteins [11]. It is highly immuno-
genic, exposing epitopes and is found in the envelope of P. 
multocida. Early studies on OmpH have shown that besides 
its structural and functional relation to the porin superfamily 
among Gram-negative bacteria, it has also been identified as 
an adhesive protein that mediates bacteria adhering to host 
cells during the initial stage of bacterial infection [11, 20]. 
The outer membrane protein and its recombinant protein 

Fig. 2. The antibody responses in the sera of chickens immunized with vaccines. (1) rOmpH + ODN via intranasal route, 
(2) rOmpH + LTb via intranasal route, (3) rOmpH + Freund’s incomplete adjuvant via intramuscular route, (4) DLD 
bacterin vaccine via intramuscular route, (5) ODN via intranasal route, (6) LTb via intranasal route and (7) rOmpH 
without adjuvant via intranasal route. The data were calculated as described in the test kit’s manual and presented as 
the log mean end-point titers, and the bars indicate the standard error of the means.
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have been recognized as vaccine candidates including for 
fowl cholera [17, 19]. Vaccine formulations have been cre-
ated and tested against experimental infections in animal 
models. The application was also done for the protectivity 
in pig and cattle. The iron-regulated OMP-based vaccine 
provided efficient protection in rabbits and calves [1]. The 
recombinant OmpH-based vaccine provided cross-protec-
tion for mice and chickens against challenges with avian 
P. multocida strains [19]. Administration via various routes 
of administration, including the intranasal route, was per-
formed. This previous study employed the outer membrane 
(OM) and outer membrane vesicles (OMVs) as an intranasal 
vaccine candidate to a murine model against P. multocida 
infection. Protection was obtained, and the results showed 
that the OM and OMVs had the potential to act as a vaccine 
candidate against bovine pasteurellosis [17].

currently, there is a need for mucosal vaccines against 
pathogens that invade via the mucosal surfaces. This route of 
vaccine delivery would also eliminate needle injections. One 
of the challenges in the development of mucosal vaccines is 
the lack of safe and effective mucosal adjuvants. The pres-
ent investigation tried to clarify and elucidate the protection 
conferred by immunization with rOmpH vaccine formula-
tions in natural host chickens. Protection against challenge 
exposure to the parental strain X-73 was obtained by using 
two intranasal fowl cholera vaccine formulations and the in-
tramuscular vaccine formulation of rOmpH in the chickens. 
Likewise, increased ELISA titers were induced by immu-
nization (Fig. 2). These results support the supposition that 
rOmpH vaccines prepared from the E. coli expression vector 
system and purified by electroelution were able to induce 
sufficient protection against the parental strain. The bacterial 
OmpH has previously been recognized as a vaccine candi-

date against pasteurellosis [6, 9]. The protection induced in 
the present study using intranasal immunization with the 
rOmpH vaccine formulations is of significant interest. Our 
results include a comparison of chicken immunization with 
rOmpH with or without adjuvants. The results demonstrated 
that there were low antibody responses and protectivity con-
ferred by immunization with rOmpH without an adjuvant in 
chickens. Therefore, we concluded that the protectivity con-
ferred by the intranasal vaccine formulations came from the 
collaboration between rOmpH and the adjuvants, which were 
added the vaccine formulations. However, the host defense 
mechanism and modification of the OMPs during infection 
have an effect on protection in vivo [2]. The expression of 
the OMPs of P. multocida was found to change during the 
infection in the hosts [2]. The OMPs from the host samples 
were classified into 35 proteins, and it was concluded that 
the OMPs would modify themselves during infection in the 
host in order to function. Therefore, the protein modification 
in the host and the host response mechanism to the bacterial 
protein need to be determined.

Adjuvants have been tested and approved for enhancing 
the immunogenicity of mucosal immunity; examples include 
toxin-based adjuvants, such as cholera toxin (cT) and E. coli 
heat-labile enterotoxin (LT); immunostimulatory adjuvants, 
such as synthetic oligonucleotides containing an unmethyl-
ated cpG motif (cpG ODN); and particulate adjuvants, such 
as immunostimulating complexes (IScOM) [13, 18, 21, 22]. 
The most common uses of mucosal adjuvants are as cTs 
and LTs, but their native forms are too toxic for use. For this 
reason, mutant or subunit forms of these adjuvants have been 
developed. E. coli heat-labile enterotoxin subunit b (LTb) has 
been recognized as an effective adjuvant for mucosal vaccine 
formulations [3, 4, 18]. LTb is a potential adjuvant that binds 

Fig. 3. The antibody responses in the tracheal larvage of chickens immunized with vaccines. (1) rOmpH + ODN via 
intranasal route, (2) rOmpH + LTb via intranasal route, (3) rOmpH + Freund’s incomplete adjuvant via intramuscular 
route, (4) DLD bacterin vaccine via intramuscular route, (5) ODN via intranasal route, (6) LTb via intranasal route and (7) 
rOmpH without adjuvant via intranasal route. The data were calculated as described in the test kit’s manual and presented 
as the log mean end-point titers, and the bars indicate the standard error of the means.
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to the GM1 ganglioside receptor, a glycosphingolipid present 
on the mucosal surface of mammalian cells. LTb stimulates 
strong systemic and mucosal immune responses [4]. Early 
studies have examined the activity of LTb as a mucosal adju-
vant in vaccines against a variety of bacterial, fungal and viral 
pathogens. However, a high dose of LTb is still a potent en-
terotoxin [4, 13]. As the results of our investigation regarding 
chickens immunized with a LTb adjuvant showed no adverse 
effects, such as signs of nervousness or abnormal behaviors, 
during the experiment, it can be safely assumed that the dos-
age of LTb used in this study is safe for chickens.

In recent times, the oligonucleotide synthetic ligands 
for Toll-like receptor 9 (TLR-9), cpG ODN, have found 
preliminary use in clinical trials as modifiers of potential 
adjuvants for mucosal vaccines including animal vaccine 
models [4, 12, 13, 18, 21]. The cpG motif stimulates cells 
that express TLR-9, thereby initiating an immunomodulat-
ing cascade. It has been found to, after nasal administration, 
markedly enhance both innate and adaptive mucosal immu-
nity in domestic animals, such as cattle, horses, pigs and pet 
animals’ models [8, 11, 14]. A previous study investigated 
the development of a P. multocida vaccine with cpG ODN 
in pigs [11]. The study reported that the immunostimulatory 
cpG ODN could modulate the immune response toward a 
Th1-like response when coadministered to piglets during 
swine P. multocida living vaccine (SPML) vaccination and 
suggested that cpG ODN may be applicable to husbandry 
animals as vaccine adjuvants and immunoprotective agents.

In conclusions, our vaccine formulations administered 
intranasally successfully induced homologous serum IgY 
and secretory IgA against avian P. multocida strain infection 
in vivo and elicited good protection in chickens. However, 
it is suggested that further studies need to be conducted on 
protection against various heterologous P. multocida strains 
or field strains and protectivity in different hosts.
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