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Abstract

Background: Commercial swine atrophic rhinitis (AR) vaccine contains killed Bordetella bronchiseptica and P.
multocida toxin (PMT) from Toxigenic Pasteurella multocida. The recombinant PMT proteins used as vaccine
candidates were seldom reported.

Methods: In this study, we developed recombinant fragments of PMT to replace P. multocida toxin in AR vaccine
to compare the efficacy of this vaccine candidate with the commercial vaccine.

Results: The experimental AR vaccine showed similar efficacy after bacterial challenges since there were no
significant differences in clinical symptoms, turbinate lesions, lung lesions and daily body gain between the two
vaccinated groups.

Discussion and conclusion: The replacement of recombinant fragments of PMT to P. multocida toxin in AR
vaccine provided same protection as commercial vaccine after bacterial challenges. However, high yield and simple
processing of recombinant fragments of PMT from E.coli cells to replace purified P. multocida toxin in AR vaccine
will dramatically reduce the cost of vaccines and simplify the antigen preparation.

Introduction
Swine atrophic rhinitis (AR) is a multiple chronic respiratory

diseasemainly caused by porcine Bordetella bronchiseptica (Bb) and
Toxigenic Pasteurella multocida (T+Pm). Clinical symptoms of this
disease mainly are rhinitis, nasal deformation, nasal bone atrophy, and
growth performance decline [1]. Vaccination is an effective means of
prevention and control of AR. Most of AR vaccines contain antigens
from Bb and Pm [2]. P. multocida toxin (PMT), a dermonecrotic toxin,
is produced mainly by serogroup D strains. PMT has been considered
as a good candidate for vaccine development [3]. Authentic PMT or
recombinant PMT or analogues thereof have good immunological
effects [3-8]. It has been reported that high levels of antibodies can be
produced by inoculating sows with a mixture of three recombinant
PMT fragments with/without Pasteurella multocida and the antibodies
could be transmitted to their offspring with good protection against
PMT challenge [9]. However, there was no report on the evaluation of
experimental AR vaccine in which contains inactivated Bb and PMT
recombinant fragments. The objective of this study was to evaluate the
efficacy of a novel experimental vaccine containing inactivated Bb and
recombinant N-terminal and C-terminal fragments of PMT protein.

Methods
The N-terminal (95aa-468aa) and C-terminal (837aa-1279aa)

fragments of the recombinant PMT protein were expressed in E.coli
cells. 100 ug recombinant proteins were used to replace 5 ug of P.

multocida toxin in commercial AR vaccine (Pulike Bioengineering Co.
Ltd, China). The above commercial vaccine was also used to immunize
pigs as the manufacture’s instruction in the same animal trial.

Fifteen 7-day-old piglets were divided into three groups with 5 pigs
in each group. Piglets in group A were vaccinated with commercial AR
vaccine via intranasal routine. Piglets in group B were vaccinated with
the experimental vaccine. Piglets in group C worked as placebo
controls. Piglets in group A and B received prime vaccination with
commercial vaccine and experimental vaccine on 0 day-post
vaccination, respectively. After 2 weeks, a boost vaccination was
separately performed in different groups with corresponding vaccines.
Three weeks later, all pigs were challenged with Bordetella
bronchiseptica strain HN8 (4 × 109 CFU) and type D toxigenic
Pasteurella multocida strain HB4 (4 × 1010 CFU).

Pigs were observed for signs of AR such as sneezing, cough,
wheezing and eye patches. Thirty-five days later, all experimental pigs
were euthanized and examined in a blind manner for turbinate bone
atrophy (TA), nasal septum deviation (NSD) and lung lesions.
Turbinate bone atrophy and nasal septum deviation were assessed
according to Magyar [2]. The area of lung lesions (%) was assessed
according to Hannan et al. [10]. Pigs were weighed before vaccination,
at the time of bacterial challenges and 35 days after challenge. The
average daily gain was calculated. Blood samples at designated days
were collected to determine Bb and PMT antibodies. Bb agglutination
antibodies were described in Pedersen [11]. PMT antibody of pig sera
was also tested by using OXOID PMT antibody assay kit. The animal
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trials were approved by the Animal Care and Ethics Committee of
China National Research Center for Veterinary Medicine. Statistical
differences were determined by One-way ANOVA (Prism 5.0,
GraphPad Software, SanDiego, CA). Differences were considered
statistically significant when P<0.05.

Results
After vaccination, all pigs behaved normal which proved the safety

of commercial vaccine and experimental vaccine in this study. After
bacterial challenge, sneezing, coughing and asthma of some pigs in
different groups were observed and summarized in Table 1. The
clinical symptom scores of vaccinated pigs were significantly lower
from that of unvaccinated control group (P<0.05).

Group Piglet
number

Symptoma Lesion

Turbinate Lung (%)

Commercial
Vaccine

21 0 1 0

22 0 6 0

23 1 3 1.4

24 1 6 1.4

25 0 2 0

Mean 0.5 ± 0.55* 3.6 ± 2.31* 0.56 ±
0.77*

Experimental
vaccine

26 0 7 0

28 0 4 0

29 0 4 0

30 0 2 0

31 1 2 4.1

Mean 0.2 ± 0.45* 3.8 ± 2.05* 0.82 ±
1.84*

Unvaccinated
Control

37 3 16 9.5

39 3 16 25.7

41 1 10 4.1

42 2 10 1.4

43 3 16 29.7

Mean 2.4 ± 0.90** 13.6 ± 3.29** 14.08 ±
12.85**

a: 0 indicates no clinical symptoms.

1-Indicates occasional sneezing, and/or occasional coughing, and/or occasional
asthma.

2-Indicates intermediate frequency of sneezing, coughing and wheezing.

3-Indicates high frequency of sneezing, coughing, wheezing and/or tear spots.

The number of asterisks showed significant difference compared with the same
column (P <0.05).

Table 1: Clinical signs of AR and Post-mortal findings.

In unvaccinated control group, all five pigs had a turbinate score of
more than 10. There was no significant difference in clinical symptoms
between commercial and experimental vaccines (Table 1). As for the
lung lesion score, there was also no significant difference between two
vaccinated groups. However, the scores of both two vaccinated group
were significantly lower from that of unvaccinated control group (P
<0.05).

The body weight of each individual pig was measured before
vaccination, at bacterial challenge, and 35 days post-challenge,
respectively. As shown by Table 2, there was no significant difference as
for average daily gain among three groups before bacterial challenges.
However, the average daily gain of unvaccinated pigs was significantly
lower than vaccinated groups 5 weeks after challenge. There was no
significant difference between two vaccinated groups.

Group Piglet
number

Pig body weight (kg) Average daily gain
(g)

BV BC PCw5 BV to
BC

BV to
PCw5

Commercial
vaccine

21 2.5 10.8 26.8 232.6* 392.5*

22 2.7 10 25.5

23 2.2 9.2 23.2

24 2.3 10.7 26.3

25 2.5 12.2 29.6

Experimental
vaccine

26 2.3 11.8 27.8 237.7* 395.0*

28 2.3 9.4 25.6

29 2.4 10.8 26.1

30 2.6 12 28.6

31 2.5 9.7 24.6

Unvaccinated
Control

37 2.6 11.9 25.3 244* 313.5**

39 2.4 10 21.4

41 2.5 11.7 22.5

42 2.2 9.2 25.5

43 2.4 12 22.8

The number of asterisks showed significant differenceP<0.05BV: before
vaccination; BC: before challenge; PCw5: 5 weeks post-challenge

Table 2: Pig bodyweight gain before/after vaccination and challenge.

Antibodies to Bb and PMT of pigs were also measured to evaluate
the efficacy of vaccination. As shown Table 3, the agglutination
antibody titer to Bb of all pigs was less than 10 and no PMT antibodies
were detected. After 3 weeks of vaccination, Bb antibodies of
immunized pigs in groups A and group B increased to 896 and 1280,
respectively. As expected, the Bb antibodies of unvaccinated pigs
remained below 10. PMT antibodies of all pigs were tested to be
negative before vaccination. As shown by Table 3, all pigs in two
vaccinated groups had 100% positive antibodies to PMT. By contrast,
PMT antibodies of unvaccinated remained negative throughout the
study. As shown by Table 3, all pigs in two vaccinated groups had
100% (Figure 1).
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Group Bb agglutination
titersMean reciprocal

PMT antibodies%

BV BC BV BC

Commercial vaccine 10 896 ± 350.5 0 100

Experimental vaccine 10 1280 ± 783.8 0 100

Unvaccinated Control 10 10 0 0

BV: before vaccination; BC: before challenge.

Table 3: Bb agglutination titers and percentage of PMT-specific
positive antibodies.

Figure 1: Porcine nasal bone picture of each individual pig in
different group at necropsy. A: Commercial vaccine; B:
Experimental vaccine; C: Unvaccinated Control.

Discussion
Recent studies have shown that vaccines contained PMT protein or

PMT protein fragments are effective against AR [5-9,12]. In this study,
an experimental AR vaccine was developed by replacing the extracted
PMT components in commercial vaccines with recombinant N-
terminal and C-terminal fragment of PMT expressed in E.coli. The
results showed that vaccinated pigs had the same average daily gain of
piglets after immunization with these two vaccines. By contrast, the
average daily gain of pigs in two vaccinated groups was significantly
higher than that of pigs in control group. Scores of clinical symptoms,
turbinate lesions and lung lesions of two vaccinated groups were
significantly lower than those of unvaccinated challenge group but had
no significant difference between two vaccinated groups. All above
results showed that this experimental AR vaccine containing
recombinant PMT protein fragments had same efficacy for ensuing
bacterial challenge as commercial vaccine containing PMT toxoid.

Immunization of sows with Bb and PMT toxoid had provided a
good level of antibodies, which were transmitted to their offspring [4].

In this study, immunization of these two vaccines also produced a high
level of antibodies in piglets. Three weeks after vaccination, the mean
antibodies of Bb in two vaccinated groups increased rapidly to 896 and
1280, respectively. PMT antibodies of all pigs in two vaccinated groups
also turned to be positive. The above similar results of antibody
seroconversion rates after immunizations showed that recombinant
PMT protein fragments had the same immunological effects as natural
PMT toxoid.

Conclusion
The immunization of piglets with inactivated Bb and N-terminal

and C-terminal fragments of recombinant PMT protein resulted in a
good protection against a combined challenge of Bb and Pm.
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