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ABSTRACT

Infectious coryza (IC) is an acute contagious upper respiratory disease of chickens caused by Avibacterium
paragallinarum (A. paragallinarum), and it causes significant economic losses. Therefore, the current
work aimed to assess the efficacy, stability, and safety of autogenous bacterins and two commercial
vaccines against 4. paragallinarum in layers in Pakistan. In the present study, one hundred, six weeks
old layer chickens were divided into equally distributed 10 groups. These groups were vaccinated with A.
paragallinarum autogenous bacterin containing aluminum hydroxide and montanide oil with 107, 10% and
10° CFU/0.5 ml/ dose and two commercial vaccines (A and B; alum-based and mineral oil-based vaccines,
respectively). Two groups were the control positive (challenged and non-vaccinated) and the control
negative (non-vaccinated or challenged). Booster doses of different vaccines were given at 9 weeks old,
and birds were intrasinus challenged at 12 weeks old with 4. paragallinarum culture. Birds were kept
under complete daily observation for 7 days after the challenge. Signs, postmortem lesions, reisolation of
the bacteria, protection rate and stability after 3- and 6-months storage were used as criteria for bacterin
evaluation. The results showed that montanide oil and alum gel-based vaccines with 10° CFU/0.5 ml/ dose
and commercial vaccine A gave the highest protection rate (95, 90-and 90%, respectively) and highest
stability after storage for 3- and 6-months at 4°C. In conclusion, both autogenous A. paragallinarum
bacterins with 10° CFU/0.5 ml/ dose and commercial vaccine A were safe, stable and more effective in the
prevention of A. paragallinarum infection in layers in Pakistan when administered at two doses.
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INTRODUCTION performance and an increase in the condemnation rate in
broiler chicken because of air sacculitis. Additionally, the
economic losses because of IC are more important when
other infectious agents like Mycoplasma gallisepticum and

viruses were involved causing high mortalities (Sun ez al.,

Infectious coryza is an acute and occasionally chronic
upper respiratory disease in domestic poultry caused
by Avibacterium paragallinarum, which was previously

known as Haemophilus paragallinarum (Gallardo et al.,
2020; Luna et al., 2020; van den Biggelaar et al., 2020).
This disease is distributed worldwide and characterized
by acute inflammation of the upper respiratory tract,
conjunctivitis, nasal discharge, sinusitis and facial edema
(Liuetal.,2016; Paudel etal.,2017; Umar et al., 2020). The
economic significance of IC is associated with a reduction
in egg production in layer chicken (10-40%), poor growth
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2018; Sayed et al., 2019; Xu et al., 2019).

In 2011 in Punjab prevalence of Av. Paragallinarum
was recorded as 5.3% by Siddique (2012). The prevalence
of infectious coryza was recorded as 32.72% in broiler and
29.35 % in layers in Lahore district during the period July,
2011 to June, 2012 by Sultana et al. (2012). Hussain et
al. (2021) observed infectious coryza prevalence rate in
Rawalpindi of Punjab as 20% in boilers and 25.63% in
layer. He recorded that Prevalence of infectious coryza in
broilers was highest in winter 31.58%, followed by autumn
21.4%, summer 11.54% and spring 10.71%. Spring had
the highest prevalence of coryza infections in layer 32%,
followed by winter 30.77% and autumn 26.32%, while
summer had the lowest prevalence 9.38%. Infectious
coryza was predominantly seen in broilers aged 3-6
weeks. Poor management techniques, such as temperature
fluctuations during the winter and increased ammonia gas
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concentrations due to poor ventilation, appear to be the
cause of such a high prevalence of the disease.

Prevalence of A. paragallinarum was recorded by
(Muhammad et al., 2021) in Balochistan; 19.2% for
layers, 18.4% for broilers, 16.0% for quails, 15.8% for
chukars and 11.0% for pigeons. Among positive cases,
serotype A was 24%, serotype B was 29% and serotype C
was 27.40%. Prevalence of IC need to be studied in other
parts of Pakistan

Prevention and control of IC can be achieved by
strict biosecurity, antimicrobial therapy and vaccination
(Charoenvisal et al., 2017). Effective biosecurity should
prevent chicken’s exposure to A. paragallinarum
infection, but vaccination should be utilized to reduce the
effect of IC in the endemic area. Treatment of IC infected
birds could be of value, but the recovered birds become
reservoirs and sources of infection. Therefore, vaccination
is one of the best procedures to prevent IC (Blackall and
Soriano-Vargas, 2019).

Vaccination against 4. paragallinarum is the best
preventive measure under the present management types
where depopulation is impossible. Vaccination against
IC cannot prevent infection with A. paragallinarum, but
it reduces the disease symptoms and minimizes bacterial
shedding and spreading (Blackall and Soriano-Vargas,
2019). Commercial IC wvaccines are widely utilized
worldwide and are prepared from standard inactivated
strains of A. paragallinarum. Still, in some cases, these
vaccines are not protective against the local variants of 4.
paragallinarum. Thus, there is a need to prepare vaccines
from local strains (Abd El-Ghany, 2011).

Several adjuvants have been reported to be effective
for IC bacterins, such as mineral oil, aluminum hydroxide
gel and saponin, but mineral oil adjuvants may cause an
adverse reaction at the injection site (Blackall and Soriano-
Vargas, 2019).

There are no available studies on the efficacy of A.
paragallinarum autogenous bacterins and commercial
vaccines in layer chickens in Pakistan. Therefore, the
current study aimed to (i) prepare A. paragallinarum
autogenous bacterins containing either aluminum
hydroxide or montanide oil adjuvant with 107 and 10% and
10° CFU/0.5 ml/dose of the bacteria, (ii) assess the efficacy
of the prepared autogenous bacterins and two commercial
vaccines (one is aluminum-based and the other one is
oil-based vaccine) in layer chickens in Pakistan and (iii)
assess the stability of different vaccine after storage for
3- and 6-months at 4°C.

MATERIALS AND METHODS

Preparation of the autogenous vaccine
The preparation method was performed as mentioned

previously (Blackall, 1991; Abd El-Ghany, 2011). Briefly,
Brain Heart Infusion broth (Sigma Aldrich, Germany)
supplemented with 0.0025% NADH (Sigma Aldrich,
Germany) and 1% chicken serum (Sigma Aldrich,
Germany) (BHI/SN) was inoculated with the fully
characterized field strain of A. paragallinarum serogroup
B obtained in previous study (Masood et al., 2023) and
incubated at 37 °C for 12 h in a shaking incubator in air.
After incubation, an aliquot was taken out, and the bacterial
count was estimated using the standard plate count
technique and colony forming unit (CFU) was estimated
for each dilution. The bacterial culture was inactivated
by adding thimerosal sodium 0.01 and 0.005%. After 48
h incubation, the samples were taken from each kind of
inactivated vaccine and cultured on BHI/SN, and checked
for bacterial growth. Results were expressed as averages
of duplicate trials in a_single experiment. The lowest
concentration 'of ‘thimerosal sodium, which inactivates
the bacterial culture, was selected for the final vaccine
production.

After confirmation of inactivation, vaccine broth
cultures were prepared with different concentrations of
local isolate of A. paragallinarum serogroup B obtained
in previous study (Masood et al., 2023) (107, 10® and 10°
CFU/0.5 ml/dose of the bacteria) and with 2 different
adjuvants. Aluminum hydroxide gel precipitated adjuvant
(alum gel-based vaccine) (Fisher Scientific, USA) was
added at a concentration of 25% of the final volume, and
another adjuvant was made by adding montanide oil-based
vaccine (ISA 71 R VG, SEPPIC) at a concentration of 60%
of the final volume (Blackall, 1988). Sterility and safety
testing of the prepared vaccines were done as mentioned
previously (Gong et al., 2014).

Experimental design

One hundred, 6 weeks old layer chickens were
obtained from a commercial farm known to be free of
IC and non-vaccinated. One-hundred-layer chickens
were divided into equally distributed 10 groups, each
comprising 10 birds. The bacterial inoculation vaccine
dose was estimated using method adopted by (Chukiatsiri
et al., 2009). All types of vaccines were administered
I/M at the dose of 0.5 ml/bird. Groups 1, 2 and 3 were
vaccinated with alum gel-based vaccine with 107, 108
and 109 CFU/0.5 ml/dose, respectively while groups 4, 5
and 6 were given montanide oil-based vaccine with 107,
108 and 109 CFU/0.5 ml/dose, respectively. Additionally,
group 7 and 8 received two different commercially
available vaccines in Pakistan; vaccines A and B (trivalent
inactivated vaccine in aluminum hydroxide gel and
mineral oil emulsion, respectively). Finally, group 9 was
the unvaccinated positive control group (challenged), and
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group 10 was the control negative group (not vaccinated or
challenged). All types of vaccines were administered intra
muscular (I/M) in a dose of 0.5 ml/bird. Booster doses
of vaccines were given 21 days after the primer dose in
groups 1-8. Birds in groups 1-9 were challenged 3 weeks
post-vaccination with Intra sinus inoculation of 0.2 ml (2
x10® CFU) of a local live isolate of A. paragallinarum
serogroup B. Birds after the challenge were kept for 7 days
under complete daily observation (Garcia et al., 2008).
Results were expressed as averages of duplicate trials in a
single experiment.

The handling of birds was in accordance with the
approved Guidelines provided by University of Veterinary
and Animal Sciences, Lahore ethical institutional review
board. All birds groups were housed in separate isolation
facilities, with feed and water provided ad libitum at the
University Animal House facility.

Protective efficacy of the prepared vaccines

For protective efficacy three criteria were selected;
clinical signs at 2 days post-challenge to 7 days, mucus in
sinus at 7 days post-challenge (post mortem) and presence
of A. paragallinarum in sinus at 7 days post-challenge
(post mortem) by streaking sinus swabs onto Blood Agar
(Fisher Scientific, USA) supplemented with 1% chicken
serum and 0.0025% NADH (reduced nicotinamide
adenine dinucleotide) (Sigma Aldrich, Germany) (BA/SN
agar). Birds were considered protected if they showed no
IC clinical signs or gross lesions at post mortem-and didn’t
yield any growth on BA/SN agar (Rimler ef al., 1976; Abd
El-Ghany, 2011).

Evaluation of the shelf life of vaccines

The shelf life of the prepared vaccines was evaluated
in the same way as described before, but with the best
vaccine obtained as a result of the challenge trial. The shelf
life was evaluated at 3- and 6-months storage of vaccines
at 4°C.

Statistical analysis

A one-way ANOVA test was used to compare
the efficacy of different vaccines. We also applied
independent samples t-test to compare the protection rate
of freshly prepared, 3- and 6-months stored vaccines.
Both tests were done using the SPSS Inc. version 26 (IBM
Corp., NY, USA). P> 0.05 was considered as statistically
significant.

RESULTS

Sterility and safety tests of the prepared vaccines
The obtained field strain of A. paragallinarum was

tested for purity and identified through the general criteria
of A. paragallinarum bacteria as follows; it didn’t grow
on MacConkey agar (Fisher Scientific, USA)., but it was
NAD-dependent with satellites growth on Blood Agar
(BA) (Fisher Scientific, USA). Moreover, it didn’t produce
catalase enzyme or acid from lactose and arabinose, but it
was positive for sugar fermentation.

Thimerosal 0.005% (Fisher Scientific, USA) was
the least concentration that inactivated A. paragallinarum
in 24 h. Thus, it was used for the preparation of different
autogenous vaccines.

Interestingly, the final products of the prepared
vaccines were proven to be sterile as there were no growth
or contamination after inoculation of 0.2 ml of any of the
prepared vaccines into brain heart infusion broth (Sigma
Aldrich, Germany) and sabouraud agar (Sigma Aldrich,
Germany) (supplemented with NADH) under different
condition.

At the end of the safety study, no side effects were
observed in alum gel-based vaccines, but chickens were
off feed on the first day of oil-based vaccines, and some
granuloma was formed.

Protection efficacy of different vaccines against A.
paragallinarum serogroup B challenge

After single-dose administration of different vaccines,
three weeks later each bird except control layer chickens
were challenged with infra-orbital sinus inoculation of 0.2
ml of 12 h incubated culture in BHI/SN (approximately
2x10* CFU as challenge dose). Clinical signs of IC such as
nasal discharge, sneezing and swelling of the infraorbital
sinuses 2 days post challenge were recorded in the control
positive group (9; non-vaccinated and challenged) and all
vaccinated groups (1-8) except group 2 (alum gel-based
vaccine with 10® CFU/0.5 ml/dose). No clinical signs were
detected in the control negative group (10; non-vaccinated
or challenged) (Table I). There was a significant difference
among all groups after single-dose administration of
different vaccines (P> 0.05) (Table I).

The efficacy of different types of vaccines after
booster dose administration is shown in Table II. Three
weeks later after the administration of booster dose
of various vaccines, challenge was given. Two days
post challenge clinical signs of IC were recorded in the
control positive group (9) and all vaccinated groups (1-
8) except group 7 (commercial vaccine A) (Table II). No
clinical signs were detected in the control negative group
(10) (Table II). There was a significant difference among
all groups after booster dose administration of different
vaccines (P> 0.05) (Table II).

The post mortem lesions (7 days post challenge)
were mucus in the sinus, catarrhal rhinitis, laryngitis and
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subcutaneous edema in the tissue around the infraorbital
sinuses. The presence of mucus in the sinus and reisolation
of A. paragallinarum from sinus swabs after single and
booster dose administration of different vaccines were
detected in all groups except the control negative group
(10) (Tables I and II). Clinical signs, presence of mucus

in sinus and reisolation of A. paragallinarum from sinus
swabs after single and booster dose administration of
different vaccines were highly observed among groups 9,
4 and 1 (control positive, vaccinated with montanide oil
and alum gel-based vaccines with 107 CFU/0.5 ml/dose,
respectively) (Tables I and II).

Table 1. The efficacy of different types of autogenous A. paragallinarum bacterins and two commercially available
vaccines in layer chickens three weeks after single-dose administration.

Groups (10 birds each) Clinical signs Mucus in the sinus Reisolation of A. paragallinarum  Protection
(post mortem) from sinus swab* rate (%)
Alum gel-based vaccine (CFU/0.5 ml/dose)
1. 10" CFU 340.5 b¢ 340 be 440.5 b¢ 65+5 be
2. 108 CFU 0¢ 1£0.5 <4 240.5 4 85+5 ¢d
3.10° CFU 140.5 ¢ 11 ¢ 2+0.5 <4 8545 od
Montanide oil-based (CFU/0.5 ml/dose)
4.107 CFU 440.5 »° 5+1 b 6+1° 40£10°
5. 108 CFU 240.5 bed 340 e 3+0.5 9 7545 ed
6. 10°CFU 140 4 240.5 4 240.5 4 85+5 od
7. Commercial vaccine A 14£0.5 4 1£0 4 140 4 900 4
8. Commercial vaccine B 24() bed 240 4 3+0.5 o4 7545 ¢4
9. Control positive 6+0.5? 8+0.5 * 10£0 @ 0°
10. Control negative 0¢ 0d 04 1000 ¢

“Results were the average of duplicate trials in a single experiment (mean + SEM). Superscripts with different letters in the same column represent a

significant difference between groups (P< 0.05).

Table II. The efficacy of different types of autogenous A. paragallinarum bacterins and two commercially available

vaccines in layer chickens after booster dose administration.

Groups (10 birds each) Clinical Mucus in the sinus Reisolation of A. paragallinarum Protection
signs (post mortem) from sinus swabs rate (%)

Alum gel-based vaccine (CFU/0.5 ml/dose)

1.107 CFU 3+0.5 ¢ 4+0.5 b¢ 3+0 be 70+£0 e
2. 108 CFU 1£0.5°¢ 240 o4 240.5 4 8545 ¢4
3.10° CFU 1£1 be 2+] od 1£] 4 90+10 ©¢
Montanide oil-based (CFU/0.5ml/dose)

4.10" CFU 440 »° 6+0.5 &° 6+0.5° 45+5°

5. 108 CFU 2+0.5 e 4+0.5 be 240 ¢ 80+0 ¢
6. 10°CFU 1£0.5¢ 240.5 ¢4 1£0.5 4 9545 ed
7. Commercial vaccine A 0c¢ 240.5 4 140 4 9040 ¢
8. Commercial vaccine B 140 b¢ 3+0.5 o4 240.5 o4 85£5 o4
9. Control positive 6+1° 8+0° 100 ® 0°

10. Control negative 0c¢ 04 04 100+0 ¢

“Results were the average of duplicate trials in a single experiment (mean + SEM). Superscripts with different letters in the same column represent a

significant difference between groups (P< 0.05).
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Table II1. The efficacy of different types of autogenous A. paragallinarum bacterins and two commercially available
vaccines in layer chickens three weeks after single-dose administration of various vaccines stored for 3 months at

4°C.

Groups (10 birds each) Clinical signs Mucus in the sinus Reisolation of A. paragallinarum  Protection

(post mortem) from sinus swabs rate (%)

Alum gel-based vaccine (CFU/0.5 ml/dose)

1. 108 CFU 240.5° 4+0.5° 3£0.5° 7545
2.10° CFU 1£0.5° 240.5 b 140 b¢ 9040 b¢
Montanide oil-based vaccine (CFU/0.5 ml/dose)

3.10* CFU 241 ° 4+1° 3+0.5° 75+5°
4.10°CFU 1+0° 240.5 b¢ 240.5 b¢ 8545 be
5. Commercial vaccine A 2+0.5° 340 b¢ 240.5 b¢ 8545 be
6. Commercial vaccine B 241 b 4+1° 3+0.5° 75+5°

7. Control positive 9+0.5 @ 9+0 ® 10£0 ® 0

8. Control negative 0° 0c 0c 100+0 ©

“Results were the average of duplicate trials in a single experiment (mean = SEM). Superscripts with different letters in the same column represent a

significant difference between groups (P< 0.05).

Considering the protection rate against A.
paragallinarum after single-dose administration of
different vaccines, Table I showed that commercial
vaccine A gave the highest protection (90%), followed
by alum gel-based vaccine with 10% and 10° CFU/0.5 ml/
dose and montanide oil-based vaccine with 10° CEU/0.5
ml/dose (85% each). While, montanide oil-based vaccine
with 107 CFU/0.5ml/dose showed the lowest protection
rate (40%), followed by the alum gel-based vaccine with
107 CFU/0.5ml/dose (65%), montanide ‘oil-based vaccine
with 108 CFU/0.5ml/dose and commercial B vaccine (75%
each). There was a significant difference among all groups
after single-dose administration of different vaccines (P>
0.05) (Table I).

Considering the protection rate against A.
paragallinarum after booster dose administration of
different vaccines, Table II showed that montanide oil-
based vaccine with 10° CFU/0.5 ml/dose gave the highest
protection (95%), followed by alum gel-based vaccine
with 10° CFU/0.5 ml/dose and commercial vaccine A
(90% each). While, montanide oil-based vaccine with 107
CFU/0.5 ml/dose showed the lowest protection rate (45%),
followed by the alum gel-based vaccine with 10" CFU/0.5
ml/dose (70%) and montanide oil-based vaccine with 108
CFU/0.5 ml/dose (80%). There was a significant difference
among all groups after booster dose administration of
different vaccines (P> 0.05) (Table I).

The protection rate of different vaccines against
A. paragallinarum after single and booster dose
administration are shown in Figure 1. There were no
significant differences in the protection rate between the

single and booster dose administration among the tested
groups (P<0.05) (Fig. 1).

150 . :
3 Single dose of vaccines

Em Booster dose of vaccines

o
o
T

Protection rate (%)

12 3 4 5 6 7 8 9 10

Groups

Fig. 1. Protection rate of different vaccines against
A. paragallinarum after single and booster dose
administration. Results were the average of duplicate trials
in a single experiment (mean + SEM). * Represents the
significant differences between single and booster dose
administration, * p < 0.05, ** p < 0.01, *** p < 0.001,
ns: no significance. 1,2,3: Alum gel-based vaccine with
107, 10% and 10° CFU/0.5 ml/dose, respectively, 4,5,6:
Montanide oil-based vaccine with 107, 10%and 10° CFU/0.5
ml/dose, respectively, 7, 8: commercial vaccine A and B,
respectively, 9: control positive and 10: control negative.

Protection efficacy of different vaccines against A.
paragallinarum after 3- and 6-months storage at 4°C

The efficacy of different vaccines three weeks after
single-dose administration of various vaccines stored
for 3- and 6-months at 4°C are shown in Tables III and
IV, respectively. Two days post challenge, clinical signs,
presence of mucus in sinus, and 7 days pot challenge re-
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isolation of A. paragallinarum from sinus swabs, were
recorded inall 8 groups exceptthe control negative group (8).
Clinical signs, presence of mucus in sinus and re-isolation
of A. paragallinarum from sinus swabs (challenged three
weeks after the single-dose administration of different
vaccines stored for 3- and 6-months) were highly observed
among groups 7, 6 and 3 (control positive, commercial
vaccine B and montanide oil-based vaccine with 10%
CFU/0.5 ml/dose, respectively) (Tables III and IV). There
was a significant difference among all groups after single-
dose administration of different vaccines stored for 3- and
6-months at 4° C (P> 0.05) (Tables III and IV).

Considering the protection rate against A.
paragallinarum  serogroup B, after single-dose
administration of different vaccines stored for 3 months
at 4° C, Table III showed that alum gel-based vaccine
with 10° CFU/0.5 ml/dose gave the highest protection
(90%), followed by montanide oil-based vaccine with
10° CFU/0.5 ml/dose and commercial vaccine A (85%
each). While alum gel and montanide oil-based vaccines
with 10 CFU/0.5 ml/dose and commercial vaccine B
showed the lowest protection rate (75% each). There was
a significant difference among all groups after single-dose
administration of different vaccines stored for 3 months at
4° C (P> 0.05) (Table III).

Considering the protection rate against _A.
paragallinarum  serogroup B after  single-dose
administration of different vaccines stored for 6 months at
4° C, Table IV showed that montanide oil-based vaccine
with 10° CFU/0.5 ml/dose gave the highest protection
(90%), followed by alum gel-based vaccine with 10°
CFU/0.5 ml/dose and commercial vaccine A (80%
each). While, commercial vaccine B showed the lowest

protection rate (65%), followed by montanide oil and alum
gel-based vaccines with 108 CFU (75% each). There was
a significant difference among all groups after single-dose
administration of different vaccines stored for 6 months at
4° C (P> 0.05) (Table IV).

A protection rate of freshly prepared, 3- and 6-months
stored different vaccines after single-dose administration
are shown in Figure 2. There were no significant
differences in the protection rate between freshly prepared,
3- and 6-months stored different vaccines after single-dose
administration among the tested groups (P< 0.05) (Fig. 2).

Fig. 2. Protection rate of freshly prepared, 3- and 6-months
stored different vaccines after single-dose administration.
Results were the average of duplicate trials in a single
experiment (mean = SEM). Bars with different letters in
the same group represent a significant difference (p< 0.05).
1,2: Alum gel-based vaccine with 10® and 10° CFU/0.5 ml/
dose, respectively, 3,4: Montanide oil-based vaccine with
10%and 10°CFU/0.5 ml/dose, respectively, 5,6: commercial
vaccine A and B, respectively, 7: control positive and 8:
control negative.

Table IV. The efficacy of different types of autogenous A. paragallinarum bacterins and two commercially available
vaccines in layer chickens three weeks after single-dose administration of various vaccines stored for 6 months at 4°C.

Groups (10 birds each) Clinical signs

(post mortem)

Mucus in the sinus

Reisolation of A. paragallinarum Protection rate (%)

from sinus swabs

Alum gel-based vaccine (CFU/0.5 ml/dose)

1. 10 CFU 3+0.5° 4+1°
2.10° CFU 24+0.5° 340.5 b
Montanide oil-based vaccine (CFU/0.5 ml/dose)

3. 10® CFU/0.5 2+1.5°% 5+0.5°
4.10°CFU 1+£0° 340.5 b
5. Commercial vaccine A 240 ° 3+0.5 b*
6. Commercial vaccine B 3£1° 6+0.5 +°
7. Control positive 8+12 9+0.5*
8. Control negative (I 0°

340.5 b 7545 be
240 b 800 P*
3£0.5b¢ 7545 be
1£0 od 90+0 ¢
2:t0 b.c SO:I:O b,
4+0.5° 65£5°
10+0 ® 0°

04 100+0 ¢

* Results were the average of duplicate trials in a single experiment (mean + SEM). Superscripts with different letters in the same column represent a

significant difference between groups (P< 0.05).
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DISCUSSION

IC is an acute contagious upper respiratory disease
of chickens caused by 4. paragallinarum and it considers
a serious problem in the chicken industry despite the
widespread utilization of IC vaccines because there is only
partial cross-protection between serogroups (Wahyuni
et al., 2019). Therefore, the utilization of commercial
vaccines containing multiple serovar B strains or the
autogenous bacterins that contains field (local) serovars
would be more effective in controlling IC and these
vaccines should be utilized in birds at 10-20 weeks of
age (before going into productions) (Patil et al., 2018;
Blackall and Soriano-Vargas, 2019; Xu et al., 2019). Thus,
the present study aimed to assess the efficacy and stability
of commercial and autogenous killed bacterins against A.
paragallinarum in layers in Pakistan.

In the present work, at the end of the safety study,
no side effects were observed in alum gel-based vaccines,
but chickens were off feed on the first day of oil-based
vaccines and some granuloma was formed. These results
are in complete agreement with previous studies conducted
in China (Gong et al., 2014; Xu et al., 2019).

In the current study, the protection rates against A.
paragallinarum serovar B after booster dose administration
of commercial vaccines A and B (alum and oil-based
vaccines, respectively) were 90 and 85%, respectively.
These results are lower than those reported in a previous
study in Thailand, which reported 100% protection against
A. paragallinarum serogroup B after using commercial
vaccines A and B (Charoenvisal etal.; 2017).

Herein, the protection rate against 4. paragallinarum
after booster dose administration of different vaccines,
showed that montanide oil-based vaccine with 10°CFU/0.5
ml/dose gave the highest protection (95%), followed by
alum gel-based vaccine with 10° CFU/0.5 ml/dose (90%).
These results were similar to those reported in a previous
study conducted in Egypt, which reported high protection
rate using mineral oil and alum gel-based bacterins (88
and 92%, respectively) (Abd El-Ghany, 2011).

In the present study, there were no significant
differences in the protection rate between the single and
booster dose administration of the different examined
vaccines. These results were in contrast with previous
reports, which stated that for longer-term protection against
IC, different vaccines should be administrated at 2 doses,
at least 3 weeks apart (Abd El-Ghany, 2011; Blackall and
Soriano-Vargas, 2019).

In the current study, autogenous bacterins gave good
protection rate against A. paragallinarum field strain.
These results are in complete agreement with previous
studies conducted in India (Patil ef a/., 2018) and China

(Sun et al., 2018; Xu et al., 2019).

Herein, montanide oil-based vaccine with 10°
CFU/0.5 ml/dose gave the highest protection rate (95%),
followed by alum gel-based vaccine with 10° CFU/0.5 ml
dose (90%). These results are in contrast with previous
studies, which reported that oil-based vaccines were more
effective because of the minimal local reaction around
the injection site, which minimizes the stress and leads
to proper carcass development (Abd El-Ghany, 2011;
Charoenvisal et al., 2017).

Herein, the protection rate against A. paragallinarum
after single-dose administration of montanide oil-based
vaccine with 10° CFU/0.5 ml/dose stored for 3- and
6-months at 4° C were 85 and 90%, respectively. These
results are in contrast with the results of a previous study
conducted in China, which reported that the protection rate
of oil-based vaccine after 3- and 6-months storage were 93
and 80%, respectively (Gong et al., 2014).

The difference in the protection rate of different
vaccines against A. paragallinarum among various studies
attributed to the geographical location, type and severity
of the local serovar and type of adjuvant and bacterin used.

CONCLUSION

In conclusion, both autogenous A. paragallinarum
bacterins (montanide oil and aluminum hydroxide
adjuvants with 10° CFU and commercial vaccine A (alum-
based vaccine) were found to be safe and more effective
when administrated as two I/M shots at 6 and 9 weeks
of age in layers and they were still providing significant
protection after 3- and 6-months storage at 4°C.

It was the first IC autogenous killed bacterins against
A. paragallinarum in layers in Pakistan that contains
field (local) serovar B. It proved to be as efficacious and
stable as imported commercial vaccines. Therefore, efforts
should be made to produce IC indigenous vaccines from
local isolates belonging to different serogroups (A, B
and C) of A. paragallinarum and use them in poultry of
Pakistan to reduce import bill and earn foreign exchange
by exporting surplus of vaccine.
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