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Simple Summary: The incidence of infectious coryza has increased in China, even occurring in
vaccinated chickens, causing serious economic losses. Several researchers believe that mutation, the
increased virulence of Avibacterium paragallinarum, and improper vaccination procedures lead to
poor protection from an inactivated vaccine. Based on this, the purpose of the current study was
to evaluate the protective efficacy of a commercial infectious coryza trivalent inactivated vaccine
against field infection of Avibacterium paragallinarum in China. Our results suggested that double
vaccination showed better protection efficacy than single vaccination. The clinical symptoms, patho-
logical changes, and bacterial shedding of chickens with double vaccination were significantly lower
than those of control groups after challenge with field Avibacterium paragallinarum isolates of three
serovars. No significant differences were found in body weight and egg production between the
boost vaccination groups and the negative control group. The current commercial vaccine shows
comparable efficacy in shortening the course of infection if administered twice. Our results provide a
reference for infectious coryza clinical vaccine application in China. In addition, better ventilation
strategies and biosecurity are important components of a strategic plan to prevent infectious coryza.

Abstract: Infectious coryza (IC) is an acute respiratory disease caused by Avibacterium paragallinarum
(Av. paragallinarum). In recent years, there have been frequent outbreaks of IC in chickens vaccinated
with an inactivated vaccine, causing huge losses to the poultry industry. In this study, the protective
efficacy of the trivalent inactivated IC vaccine (PT Medion Farma Jaya) against the field isolates of
three serovars of Av. paragallinarum was verified. After vaccination, the hemagglutination inhibition
antibody titers in double-vaccinated groups (A2, B2, and C2) were higher than those in single-
vaccinated groups (Al, B1, and C1). The highest antibody titer was 2131 at 3 weeks after the booster
vaccination in group A2. Consistent with the trend in hemagglutination inhibition antibody titers,
the protective efficacy of double vaccination was better than that of single vaccination. The clinical
symptoms and pathological changes were alleviated, or the bacterial shedding was significantly
reduced with double vaccination after challenge with field isolates of three serovars (p < 0.05). In
particular, the chickens with double vaccination showed no clinical symptoms, pathological changes,
or bacterial shedding after challenge by the serovar C strain. There was no significant difference in
body weight and egg production between the double-vaccinated groups and the negative control
group (p > 0.05). Therefore, we recommend that the commercial IC vaccine should be double-
vaccinated in clinical applications.

Keywords: infectious coryza; Avibacterium paragallinarum; vaccine; protective efficacy

1. Introduction

Infectious coryza (IC) is an acute respiratory tract disease in chickens that is caused by
Avibacterium paragallinarum (Av. paragallinarum), previously named Haemophilus paragalli-
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narum [1,2]. IC is characterized by nasal discharge, facial swelling, and conjunctivitis, and it
causes significant economic losses in the global poultry industry due to growth retardation
in growing chickens and a marked reduction in egg production in layers, particularly
on multi-aged farms. In broilers, a high condemnation rate caused by airsacculitis is an
important outcome of IC. Another significant cost is incurred by the intensive vaccination
protocol needed to control the disease [3]. IC is complicated by coinfection with bacteria
such as Mycoplasma gallisepticum, Mycoplasma synoviae, Gallibacterium anatis [4], Escherichia
coli [5], and Ornithobacterium rhinotracheale [6], and viruses that include infectious bronchitis
virus, infectious laryngotracheitis virus, and fowl pox virus [7]. IC has occurred worldwide
in recent years, including in the USA [8], Indonesia [9], the UK [10], and India [11]. In
China, IC outbreaks have been reported in Beijing, Hebei, Shandong, Guangdong, Anhui,
and Jiangsu provinces since 2012 [12,13]. Because of the limited use of antibiotics, bacterial
diseases such as IC pose an increasingly serious threat to the poultry industry.

Av. paragallinarum was classified into three serovars (A, B, and C) by Page using
agglutination [14,15]. Kume created an alternative scheme based on a hemagglutination
inhibition (HI) test [16]. The modified Kume scheme recognizes serogroups A, B, and
C, which match the Page serovars of A, B, and C, with nine serovars (A1-A4, B-1, and
C1-C4) recognized [17]. The three Page serovars (A, B, and C) are generally considered to
represent distinct immune variants [18]. In serogroup A, good cross-protection is prevalent
among the four serotypes. In serogroup C, there is lower cross-protection within the four
serotypes [19]. Although there is only one Kume serogroup B, only partial cross-protection
has been detected between serotype B strains [20-22]. Three serotypes have been isolated
in China. Serovar A was first reported in 1987, serovar C was first reported in 1995, and
serovar B was first reported in 2003. In the past, monovalent (A) or bivalent (A and C)
inactivated IC vaccines were often used in poultry farms. Currently, inactivated trivalent
IC vaccines (A, B, and C) are mainly used in poultry farms. Recently, IC occurrence has
increased in China, and the disease has even broken out in chickens immunized with
bivalent or trivalent inactivated vaccines, indicating that some cases are associated with
vaccine failure [23].

There are different perspectives on the reasons for vaccine failure. Some researchers
have suggested that the current commercial vaccines do not provide sufficient protection.
It is generally believed that there is no cross-protection among the Page serovars. Several
researchers believed that variation and the increased virulence of Av. paragallinarum lead to
poor protection within the same serovar, which would explain the lack of protection from
the inactivated vaccine [23]. Some views propose that it is caused by improper vaccination
procedures. Gallardo tested the effects of two commercially available vaccines on isolates
in the United States. The experiment revealed that the commercial vaccines reduced clinical
signs and bacterial shedding with double vaccination [7]. Based on this, the purpose of the
current study was to investigate the protective efficacy of a commercial trivalent inactivated
IC vaccine (PT Medion Farma Jaya) against field infection of Av. paragallinarum in China.
Specifically, the two vaccination procedures (single vaccination and double vaccination)
were conducted to evaluate the protection offered by the commercial IC vaccine.

2. Materials and Methods
2.1. Bacteria and Media

Av. paragallinarum isolates 2019—HB65 (serovar A), 2019—-HB68 (serovar B), and
2020—JS80 (serovar C) isolated from chickens with clinical signs of IC were used as chal-
lenge strains [13]. Tryptic soy agar and tryptic soy broth, both supplemented with 10% fetal
bovine serum (Thermo Fisher Scientific, Massachusetts, USA) and 0.0025% nicotinamide
adenine dinucleotide (Solarbio, Beijing, China), were used to culture these isolates. The
plates were cultured at 37 °C under 5% CO, for 24-36 h. The typical colonies were in-
oculated into tryptic soy broth and cultured at 37 °C in a shaker for 16 h. According to
the results of the viable count, the three bacterial suspensions were adjusted separately to
107 CFU/mL (0.2 mL per chicken) for the challenge experiment.
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2.2. Vaccine

The commercial trivalent inactivated IC vaccine was purchased from PT Medion
Farma Jaya. The vaccine contained at least Av. paragallinarum strain W 1 x 108 CFU/mL,
strain Spross 1 X 108 CFU/mL, and strain Modesto 1 x 108 CFU/mL.

2.3. Immunization Procedures

A total of 100 commercial Hy-line brown layers (50 days old) not vaccinated against
IC were purchased from a chicken farm in Yangzhou, Jiangsu. All chickens were of similar
weight. In order to confirm that none of these chickens were infected with Av. paragallinarum,
throat swabs were collected from all experimental chickens for bacterial isolation and
HPG-2 PCR, which is specific to Av. paragallinarum [24]. All chickens were randomly
divided into 10 groups (10 chickens per group): 3 single-vaccinated groups (Al, B1, and C1),
3 double-vaccinated groups (A2, B2, and C2), 3 PBS groups (A0, B0, and C0), and 1 negative
control group (D). Chickens in groups A1, Bl, and C1 were injected with 0.5 mL PBS at
53 days old and 0.5 mL IC vaccine at 110 days old via intramuscular injection. Chickens in
groups A2, B2, and C2 were injected with 0.5 mL IC vaccine at 53 days old and 110 days old,
respectively. Chickens in groups A0, B0, C0, and D were injected with 0.5 mL PBS at 53 days
old and 110 days old, respectively (Table 1). In this experiment, each group of chickens was
housed in a separate negative pressure isolator, with adequate feed and water.

Table 1. Immunization procedure and challenge experiments design.

Groups Number of Chickens  Times of Vaccination ~ Age of Vaccination Strain for Challenge  Age of Challenge

Al
Bl
C1
A2
B2
C2
A0
B0
Co
D

10
10
10
10
10
10
10
10
10
10

1 110d 2019—-HB65 130d
1 110d 2019—-HB68 130d
1 110d 2020—-JS80 130 d
2 53d and 110d 2019—-HB65 130d
2 53dand 110d 2019—-HB68 130d
2 53 dand 110d 2020—-JS80 130 d
/ / 2019—-HB65 130d
/ / 2019—-HB68 130d
/ / 2020—-JS80 130 d
/ / / /

2.4. Antibody Titers Detected by Hemagglutination Inhibition Test

Before and after vaccination, blood was collected weekly from the wing veins of the
10 chickens of each group for the HI test, lasting until 11 weeks after the prime vaccination.
The sera were pre-treated by adsorption with glutaraldehyde-fixed chicken erythrocytes to
avoid nonspecific reactions. Briefly, the sera were diluted 5 times with 1% glutaraldehyde-
fixed chicken erythrocytes and incubated at 37 °C for 2 h, then overnight at 4 °C. Antigens
of Av. paragallinarum were prepared from freshly cultured bacteria. The bacteria except
strain 2019—HB65 were treated with 10 U/mL hyaluronidase at 37 °C for 2 h. The 4-unit
antigens were prepared according to hemagglutinin (HA) titer. The HI tests were performed
by double diluting sera with PBS. The diluted sera were mixed with an equal volume of
4-unit HA antigens and incubated at 37 °C for 40 min. Then, 1% (v/v) glutaraldehyde-fixed
chicken erythrocytes was added and incubated at 37 °C for 60 min. The maximum serum
dilution that completely inhibited hemagglutination was considered to be the HI titer.

2.5. Challenge Infection Experiments

At 3 weeks after the booster vaccination, the chickens (now 130 days old) in groups
Al, A2, and A0 were challenged by infraorbital sinus inoculation with 0.2 mL bacterial
suspension of the 2019—HB65 strain (serovar A) containing 107 CFU/mL. Chickens in
groups B1, B2, and BO were challenged with 0.2 mL bacterial suspension of the 2019—-HB68
strain (serovar B) containing 107 CFU/mL. Chickens in groups C1, C2, and CO were
challenged with 0.2 mL bacterial suspension of the 2020—JS80 strain (serovar C) containing
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107 CFU/mL. The chickens in negative control group D were inoculated with 0.2 mL PBS
in the same way (Table 1).

2.6. Clinical Scoring and Necropsy

After challenge, clinical signs were monitored daily. Briefly, the degrees of nasal
discharge and facial swelling were scored at 4 levels as follows: 0, no clinical signs; 1, slight
nasal discharge or facial swelling; 2, moderate nasal discharge and facial swelling; and 3,
severe nasal discharge, facial swelling, and lacrimation [25]. The protective effect of the
vaccine was evaluated by noting whether the vaccinated chickens had clinical symptoms
of nasal discharge or facial swelling [26]. The chickens” individual body weights were
measured before and after challenge. The egg production was counted until 14 days post-
challenge (dpc). Five chickens from each group were randomly selected and euthanized at
7 dpc. The gross lesions focused on infraorbital sinuses and tracheas were recorded during
necropsy.

2.7. Av. paragallinarum Quantification by Quantitative Real-Time PCR

To evaluate the bacterial shedding, nasal swab samples were collected from each
chicken at 3,7, and 12 dpc. DNA was extracted by using the DNA extraction Kit (Cwbio,
Beijing, China) according to the manufacturer’s instructions. The primers for detection of
Av. paragallinarum were synthetized by Genscript Biotech Corporation (Nanjing, China), as
described by Wen et al. [27]. Forward primer, 5-AGCTTGCTCTACCGCACAAT-3’; Reward
primer, 5'-CTGGCTTCTTGCACCTGAAT-3'. The quantitative real-time PCR (qRT-PCR)
was performed using TransStartR Tip Green qPCR SuperMix (Transgen Biotech Co., Ltd.,
Beijing, China). The procedure for qRT-PCR: 94 °C for 30 s; followed by 40 circles of 94 °C
5's; 60 °C 34 s. Finally, the dissociation curve analysis was performed.

2.8. Statistical Analysis

SPSS version 23.0 (SPSS Inc., Chicago, IL, USA) was used to analyze statistical data.
The non-parametric Mann-Whitney U test was used to analyze the significant difference in
different groups, and differences were considered significant at p < 0.05.

3. Results
3.1. Antibody Titers Detected by Hemagglutination Inhibition Test

Based on the bacterial testing of the throat swabs, no chickens were previously infected
with Av. paragallinarum. The chickens in groups Al, B1, and C1 were vaccinated with the
IC vaccine at 110 days old. In groups A2, B2, and C2, prime immunization was given at
53 days old and boosted at 110 days old. No HI antibodies to Av. paragallinarum were
detected before vaccination. For group Al and group A2, antibodies could be detected
after the prime vaccination. The antibody titers increased after the booster vaccination in
group A2. The highest antibody titer was 213! at 3 weeks after the booster vaccination
(Figure 1A). In contrast, no HI antibody was detected in groups B1 and B2 after the prime
vaccination, and low levels of HI antibody were detected at 2 weeks after the booster
vaccination (Figure 1B). The trend of antibody titers in groups C1 and C2 was similar to
that in groups Al and A2. The highest antibody titer was 202 at 3 weeks after the booster
vaccination in group C2 (Figure 1C).
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Figure 1. Hemagglutination inhibition antibody titers in chickens after prime and booster immuniza-
tion. Serum samples (n = 10) were collected every week after vaccination until 11 weeks. Antibody
titers were detected by HI test with 4 HA units prepared by the 2019—HB65 (A), 2019—-HB68 (B), and
2020—]JS80 (C). The antibody titers were expressed in the log, form. Bars indicate means + standard

deviations.

3.2. Clinical Sign Score

The clinical sign scores of the chickens after challenge are depicted in Figure 2. Typical
clinical symptoms of IC, such as facial swelling and nasal discharge, appeared in the PBS-
treated groups (A0, BO, and CO) after 1 dpc. The morbidity rate reached 80-90%, but no
chickens died. The clinical symptoms in the three PBS groups were more serious than in
the vaccination groups after challenge. The clinical sign scores of chickens with double
vaccination were lower than those with single vaccination. Clinical sign scores of the
chickens in group A0 increased continuously for 1-7 days after challenge. Clinical sign
scores of the chickens in group Al were lower than those in group AQ. The chickens in
group A2 showed only slight clinical symptoms at 1 dpc and 3 dpc and no symptoms after
4 dpc. The clinical sign scores of the chickens in group A2 were significantly lower than
those in groups A0 and Al (p < 0.05; Figure 2A). There was no significant difference in
clinical sign scores between groups B1 and B0 (p > 0.05), while clinical symptoms of the
chickens in group B2 were significantly milder than those in group BO (p < 0.05; Figure 2B).
The clinical sign scores of the chickens in group C1 were significantly lower than those in
group CO (p < 0.05). Most importantly, no clinical symptoms were observed in the chickens

in group C2 (Figure 2C).
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Figure 2. Clinical sign scores of chickens after challenge with Av. paragallinarum. Clinical signs scores
(n = 10) were monitored daily for 7 days after challenge with 2019—HB65 (A), 2019—HB68 (B), and
2020—JS80 (C) at 130 days old. Data in line graphs are presented as means. Data in bar graphs
indicate means =+ standard deviations. * p < 0.05.

3.3. Body Weight

As shown in Figure 3, the body weight gain of chickens in control group D was
normal. The body weights of chickens in groups A0 and C0 were significantly lower
than those in group D at 7 dpc (p < 0.05; Figure 3A,C). As shown in Figure 3A, the
body weights of chickens in groups Al and A2 decreased, but the difference was not
significant. No significant differences in body weight were found between B0, B1, B2, and
D (p > 0.05; Figure 3B). After challenge, the chickens in groups C1 and C2 did not lose
weight (Figure 3C).
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Figure 3. Body weight of chickens after challenge with Av. paragallinarum. The chickens” individual
body weights were measured before and 7 days after challenge with 2019-HB65 (A), 2019-HB68 (B),
and 2020-JS80 (C) at 130 days old (n = 10). Data in bar graphs indicate means + standard deviations.
*

p <0.05.

3.4. Egg Production

As shown in Table 2, the egg production of groups A0 and C0 was significantly lower
than that of group D after challenge (p < 0.05). For the single-vaccinated chickens, there was
a significant difference in the egg production rates between group Al and group D after
challenge (p < 0.05). In contrast, no significant differences in egg production was found
between the boost immunized groups (A2, B2, and C2) and group D (p > 0.05).

Table 2. Egg production rate after challenged with Av. paragallinarum.

Groups 7 dpc 14 dpc
Al 15.71 +12.942 20.00 & 15.12 b
A2 28.57 + 15.52 25.71 =+ 20.60
A0 15.71 4+ 12.94 2 6.29 + 8.78 b
Bl 30.00 £ 16.90 22.86 + 12.78
B2 4571 + 11.78 22.86 + 16.66
BO 32.86 + 12.78 22.86 + 7.00
C1 24.29 + 10.50 24.29 + 1591
2 30.00 + 7.56 37.14 + 16.66
Co 11.43 +£9.90 2 0.00 £+ 0.00b
D 37.14 + 13.85 34.29 +9.04

Different superscript lowercase letters indicate significant differences between challenge groups and negative
control group D (p < 0.05).

3.5. Pathological Changes of Infraorbital Sinus and Trachea

Five chickens from each group were randomly selected and euthanized at 7 dpc to
observe pathological changes. No pathological changes were observed in the negative
control group D. The severity of pathological changes in each group after challenge was
consistent with clinical symptoms. Pathological changes were mainly observed in the
infraorbital sinus and trachea. The severity of pathological changes in groups A0, B0, and
C0 was more serious than that in the vaccinated groups. A large amount of yellow exudate
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clot was observed in the infraorbital sinus in chickens in groups AQ, B0, and C0. A few
caseous substances were observed in the infraorbital sinus in groups Al and C1. However,
no pathological changes were observed in groups A2, B2, and C2 at 7 dpc (Figure 4). As
shown in Figure 5, a severe hemorrhage in the trachea was observed in groups A0 and
C0, while minor hemorrhage was observed in group Al. No pathological changes in the
trachea were observed in groups A2, B2, and C2 at 7 dpc. Thus, the pathological changes in
chickens with double vaccination were milder than those with single vaccination.

Figure 4. Gross lesions of the infraorbital sinus after challenge with Av. paragallinarum. The letters
in the figure correspond to the groups. Yellow exudate clot (yellow arrows) was observed in the
infraorbital sinus of chickens in groups Al, A0, B0, C1, and CO.

l

Figure 5. Gross lesions of the trachea after challenge with Av. paragallinarum. The letters in the figure
correspond to the groups. Hemorrhage (yellow arrows) was observed in the trachea of chickens in
groups Al, A0, and CO.
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3.6. Bacterial Shedding Quantification

Nasal swab samples were collected at 3, 7, and 12 dpc for bacterial quantification.
As shown in Figure 6, the bacterial shedding was reduced in all vaccinated groups. In
particular, the bacterial shedding in the double-vaccinated groups A2, B2, and C2 was
significantly lower than that in groups A0, BO, and CO0 at 3 dpc, respectively (p < 0.05).
At 7 dpc, the bacterial shedding in groups A1, A2, C1, and C2 was significantly reduced
(p < 0.05; Figure 6A). At 12 dpc, no bacteria were detected in groups A2, B1, B2, and C2
(Figure 6).
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Figure 6. Bacterial shedding in chickens after challenge with Av. paragallinarum. The nasal swab
samples were collected at 3, 7, and 12 days after challenge with 2019—HB65 (A), 2019—-HB68 (B), and
2020—JS80 (C) at 130 days old. * p < 0.05.

4. Discussion

All growth-promoting antibiotics have been banned as feed additives in China since
2020. The antibiotics are strictly restricted, particularly during the laying period. Thus,
strict biosafety and vaccination protocols are the main measures to prevent IC. At present,
trivalent inactivated vaccines have been widely used in many intensive chicken farms
in China. However, IC has occurred even in vaccinated chickens. This suggests that the
existing control measures are still unable to protect chickens from Av. paragallinarum. An
in vivo vaccine efficacy experiment is an important method for evaluating the protective
effect of an Av. paragallinarum vaccine on chickens. Therefore, in this study, we evaluated
the protective efficacy of a commercial trivalent IC vaccine against field isolates of three
serovars of Av. paragallinarum.

Many studies have shown that the HA antigen plays an important role in the pathogenic-
ity and immunogenicity of Av. paragallinarum [28-30]. In this study, we found that the HI
antibody titers in groups A and C were higher than that in group B and that these HI titers in-
creased after booster vaccination in all groups. Although several other studies have suggested
that high antibody levels are not considered a decisive predictor of IC vaccine efficacy [31,32].
Our results showed that the HI antibody titers were positively correlated with the protective
efficacy of the IC vaccine. After challenge with Av. paragallinarum, the protective effect of
double vaccination was better than that of single vaccination. This result indicated that the
level of HI antibody titer can be used to evaluate the efficacy of the IC vaccine.
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It is generally recognized that the IC vaccine is protective against Av. paragallinarum
when the serovars are matched. According to the cross-protection study conducted with
the nine Kume serovars, cross-protection was only observed between C—4 and B—1 [19].
It has been suggested that some cases of immune failures of IC vaccines may be from
the lack of cross-protection between vaccine strains and field isolates. Therefore, the Av.
paragallinarum local isolates 2019 —HB65, 2019—-HB68, and 2020—JS80 were used for this
challenge experiment. Vaccine manufacturers recommend single and double vaccination
procedures, but due to considerations of cost, management, and adverse reactions such as
stress, farmers sometimes adopt the single vaccination procedure. This is believed to be one
of the reasons for the failure of vaccination; consequently, this study also focused on the
evaluation of single vaccination and double vaccination procedures. Our results showed
that the clinical symptoms and pathological changes of vaccinated chickens were alleviated
after challenge. The clinical sign scores in chickens with double vaccination were lower
than those with single vaccination. Most importantly, the chickens with double vaccination
in group C2 had no clinical symptoms after challenge. This result was consistent with
a previous study [33]. At 7 dpc, no pathological changes in the infraorbital sinus and
trachea were observed in the three double-vaccinated groups. In addition, no significant
differences in body weight and egg production were found between the double-vaccinated
groups after challenge and the negative control group. Bacterial shedding reflects the risk
of IC transmission in chickens. In this study, the shedding of Av. paragallinarum in double-
vaccinated groups was lower than that in the PBS groups after challenge. Our results
confirmed that single vaccination with a commercial IC vaccine provides some protection
against field strains and shortens the period of Av. paragallinarum infection, but the efficacy
of a single vaccination is not sufficiently high. In contrast, the double-vaccinated chickens
were completely protected against the field serovar C isolate as well as partially protected
against the field serovar A and B isolates. Therefore, replacing the serotype A and B strains
in existing vaccines with local isolates would be a better option for future vaccines.

In field cases, IC clinical symptoms are complicated by coinfection with concomitant
respiratory pathogens in commercial flocks. The presence of these pathogens may lead to
complex clinical diseases, increasing septicemia and mortality [7,10]. Poor management and
ventilation can promote complex respiratory diseases [34-36]. Although no more-effective
commercial IC vaccines are available on the market, the currently available vaccine shows
comparable efficacy in reducing the clinical symptoms and shedding of Av. paragallinarum
if administered twice, in line with the manufacturer’s recommendation. In addition to
vaccination, better ventilation strategies and biosafety to minimize additional challenges
are important parts of a good IC prevention strategic plan.

In conclusion, the efficacy of the vaccine is better in chickens with high HI antibody
levels. The trivalent inactivated vaccine did not completely protect chickens against three
serovars of Av. paragallinarum field isolates. However, the results showed that vaccination
plays an important role in shortening the course of infection. Double vaccination showed
better protection efficacy than single vaccination, and double vaccination provided protec-
tion efficacy related to weight and egg production after challenge. Our results provide a
reference for clinical vaccine application in China.
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