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SUMMARY

The cross-protection between H. paragallinarum strains within the same
serovar was variable, Some strains were found highly immunogenic
providing a good protection, while others were weakly immunogenic
and afforded a relatively poor protection against heterologous challenge.
On the other hand, no cross-protection was found between the three
serovars of H. paragallinarum, where the monovalent vaccines provided
protection only against homologous challenge indicating that the
immunogenicity between them was different. The efficacy of inactivated
trivalent coryza vaccine prepared from three highly immunogenic locally
isolated strains representing serovars A, B and C of H. paragallinarum
was evaluated and compared with that of a commercial bivalent vaccine.
The trivalent vaccine provided the best protection (100%) against
challenge with any of the reference strains of serovars A, B, and C of H.
paragallinarum. On the other hand, the commercial bivalent coryza
vaccine containing H. paragallinarum serovars A and C conferred
protection only against serovars A (80 %) and C (70 %) challenge,
while it failed to protect against serovar B challenge. A good correlation
was found between HI titers and protection against challenge. It could be
concluded that coryza vaccines should contain strains representing all
the three serovars A, B, and C of H. paragallinarum, and the inclusion
of locally isolated strains in preparation of coryza vaccines is
recommended.

Key words: Haemophilus paragallinarum — Vaccine — Cross- Protection
INTRODUCTION

Infectious coryza is one of the most important respiratory
diseases caused by Haemophilus paragallinarum (H. paragallinarum),
and characterized mainly by by serous to mucoid nasal discharge and
facial ocdema. The greatest cconomic losses are due to marked reduction
(10-40 %) in egg production in laying chickens and increased percentage
of culls in growing birds (Yamamoto, 1991). In developing countries,
coryza is commonly complicated by other infections, resulting in severe
and prolonged disease (Blackall, 1999).

Rimler et al. (1977) reported that H. paragallinarum exists in
three different immunotypes that correlate with the serovars A, B, and C
as determined by Page's scheme (Page, 1962). Chickens vaccinated with
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a bacterin prepared from one serovar were protected only against
homologous challenge (Blackall and Reid, 1987).

Several studies have indicated that inactivated infectious coryza
vaccines with different adjuvants can protect chickens against the
discase (Matsumoto and Yamamoto, 1975; Davis et al., 1976; Kume et
al., 1980; Reid and Blackall, 1987). Most of the commercially available
coryza vaccines are bivalent containing serovars A and C of H.
paragallinarum. Therefore, these types of vaccines conferred type-
specific immunity against those Page's serovars included in the vaccine
(Rimler et al., 1977; Kume et al., 1980). Morcover, the type-specific
immunity produced by infectious coryza vaccines occurred within the
Page's serovars, but no cross-protection was found between serovars
(Rimler et al., 1977). A fairly recent study by Yamaguchi etal. (1991)
has shown that cross-protection within Page's serovar B is only partial,

On the other hand, Sandoval et al. (1994) reported that the
vaccine failures in Argentina occurred because the commercial coryza
vaccines did not include local isolates of the three serovars of 7L
paragallinarum present in the target population

Although the majority of the poultry farms in Egypt use
commercial coryza vaccines in their programs, outbreaks of infectious
coryza continue to occur. Thus, the purpose of this study was to
investigate the cross-protection between different serovars as well as
between strains within the same serovar of H. paragallinarum, in order
to develop a vaccine against infectious coryza with higher
immunogenicity and broader protection, covering all H. paragallinarum
serovars and compare its efficacy with a commercial bivalent vaccine.

MATERIALS and METHODS

H. paragallinarum reference strains:

The strains 221, Spross and H-18 representing  F.
paragallinarum serovars A, B, and C, respectively, were kindly supplied
by Dr. Chuzou Ushimi, National Institute of Animal Health, Tokyo,
Japan. All strains were in freeze-dried form, and were reconstituted in
chicken meat infusion broth before use.

H. paragailinarun locally isolated strains:

Fiftcen local isolates of H. paragallinarum have been isolated
and identified after Page's scheme (1962) from outbreaks of the disease
in layer chicken flocks (Aly, 2000), and were used in this study. Each of
serovars A, B, and C of H. paragallinarum was represented by 5
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isolates. These strains were designated as L1, 1.2, L12, L14, and L22
(serovar A); LS, L8, L13,L17 and L19 (serovar B); and L3, L6, L9, L.10
and .21 (serovar C).

Commercial bivalent vaccine:

Inactivated bivalent commercial vaccine (Rhone Merieux Comp.)
against infectious coryza potentiated with aluminum hydroxide
containing serovars A and C of H. paragallinarum was used in this
study.

Experimental chickens:

Ten-week-old male Hy-Line type chickens obtained from El-
Menia Poultry Farm were used for evaluation of the efficacy of different
coryza vaccines as well as for cross-protection studies. Chickens proved
to be negative for H. paragallinarum, Mycoplasma gallisepticum, and
Mycoplasma synoviae infection as a result of serological and cultural
examinations,

Preparation of different infectious coryza vaccines:

A ftrivalent vaccine and monovalent vaccines against infectious
coryza were prepared from local isolates according to the method
described by Yamaguchi et al. (1991). Bricfly, the strains of H
paragallinarum were cultured in chicken meat infusion (CMI) broth
(Matsumoto and Yamamoto, 1971), containing 1 % (vol/vol) sterile
chicken serum, incubated at 37 C for I8 hours and then inactivated by
the addition of 0.01 % (vol/vol) thimerosal. Aluminum hydroxide gel
was added (50 % vol/vol) as an adjuvant. The monovalent vaccines were
prepared from each of the reference strains 221, Spross, and H-18 as
well as from each of the 15 local isolates of . paragallinarum ina
concentration of 10° colony forming units (CFU)Y/ml. The trivalent
vaccine contained three local isolates, which proved by pretesting to
provoke relatively broader cross-protection with heterologous local
isolates and reference strain of the same serovars. These isolates were
L12  (serovar A), L13 (serovar B) and L9 (serovar C) of H
paragallinarum, each at a concentration of 10° CFU/ml. All vaccines
were tested for their sterility, safety and stability and preserved at 4 C
until use.

Vaccination procedure: 55

Each vaccine was administered to chickens by the intramuscular
route (in the thigh) in a dose of 0.5 ml per bird. All vaccines were
administered in two doses, the first dose at 10 weeks of age and the
booster dose at 13 weeks of age. Vaccinated chickens were observed for
one week post-vaccination for any adverse reaction after vaccination.
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Serum samples:

Five serum samples were collected from each group vaccinated
with either trivalent or bivalent vaccine weekly after the first vaccination
up to 18 weeks of age and examined by the HI test. For cross-HI
reactivity between reference serogroup strains of H. paragallinarum,
five serum samples were collected from the respective vaccinated groups
at 4 weeks after the booster vaccination,

Challenge exposure:

The challenge was done 4 weeks after the booster vaccination.
Fach of vaccinated or nonvaccinated challenged control birds was
inoculated directly into the right infraorbital sinus with 200 ul of
infected egg yolk containing 10° CFU/ml of virulent . paragallinarum
organisms.

Clinical observation post-challenge:

All challenged chickens were observed for typical clinical signs
of infectious coryza (swollen sinuses and/or nasal discharge) for one
week post-challenge. Birds were killed and necropsied 7 days after
challenge. At necropsy, sinuses were examined carefully for presence of
exudate and swabs from the sinuses were made.

Chickens were considered protected if they showed no signs or
lesions of infectious coryza clinically or at necropsy and yielded no H.
paragallinarum on culture. The protection rate of each vaccine group
was calculated as the number of protected chickens in the group
expressed as percentage relative to the number of chickens in the
vaccinated group. “
Bacterial reisolation:

Sinus swabs obtained from chickens were streaked on tryptose
blood agar plates and cross-streaked with a feeder culture of
Staphylococcus  epidermides. Plates were incubated at 37 C for 24 hours
in a Candle Jar, then examined for satellite growth and characteristic
colonies of H. paragallinarum.

HA antigens:

The scrovar-specific HA antigens were prepared from each
reference strain of H. paragallinarum as described by Yamaguchi et al.
(1990) and used for cross-HI reactivity studies between the three
serovars.

For estimation of the seroconversion in groups vaccinated with
trivalent or bivalent vaccine using HI test, the HA antigen was prepared
from reference strain 221 of H. paragallinarum.
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Hyaluronidase treatment of HA antigens:

The simple washed bacterial cells were treated with
hyaluronidase after the method described by Yamaguchi et al. (1989).
The adjusted bacterial cells were centrifuged, resuspended in an equal
volume of hyaluronidase solution (50 units/ml) in PBS (pH 6.0), and
incubated in a water bath at 37 C for 2 hours. After being washed twice
with PBS (pH 7.4), the treated cells, termed hyaluronidase-treated HA
antigen, were resuspended in the original volume of PBS and used in the
HI test after adjustment to 4 HA unites.

Haemagglutination inhibition (HI) test:

The HI titers were determined in the serum samples as described
by Yamaguchi et al. (1989). Twofold serial dilutions of sera (50 ul) were
made in phosphate buffered salinc (PBS; pH 7.2), using round bottom
microtiter trays. An equal volume (50 pl) of hyaluronidase-treated HA
antigen containing 4 HA units was added to cach serum dilution. After
mixing, the trays were held at room temperature for 10 minutes, an equal
volume of 0.5 % formalinized chicken erythrocytes (50 pl) was added to
cach well. After incubation for 45 minutes at room temperature, the HI
titer was determined as the reciprocal of the maximum serum dilution
that completely inhibited hacmagglutination. The formalinized chicken
erythrocytes were prepared according to the method described by Jacobs
etal, (1992).

Experimental design:
Cross-protection of H. paragallinarum strains within the same
serovar: .

Groups of 10-week-old male Hy-Line type chickens, of 10 birds
each, were immunized twice at 10 and 13 weeks of age with each of the
locally isolated strains (5 of each serovar) or the reference strains of H.
paragallinarum. Four weeks after the booster vaccination, all birds were
challenged with either the homologous or heterologous strains within the
same serovar. A group of 10 birds served as nonvaccinated-
nonchallenged control. All groups were observed for clinical signs and
mortalities for one week post-challenge. After the end of the observation
period, all birds were killed, necropsied and sinuses were examined.
Cross-protection between reference strains of differeiit serovars of
. paragallinarum:

Ten groups (1-10) of 10-week-old male Hy-Line type chickens,
each contained 10 birds were used in this experiment. Each group was
vaccinated with one type of monovalent vaccines. Groups 1-3 were
vaccinated with strain 221 vaccine, groups 4-6 were vaccinated with
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strain Spross vaccine and groups 7-9 were vaccinated with strain H-18
vaccine. Each vaccine was administered in two doses at 10 and 13 weeks
of age by intramuscular route. Group 10 served as nonvaccinated
nonchallenged control. Four weeks following the booster vaccination, all
vaccinated groups were challenged with virulent 4. paragallinarum
organisms as follows; groups 1, 4, and 7 were challenged with strain
221, groups 2, 5. and 8 were challenged with strain Spross and groups 3,
6, and 9 were challenged with strain H-18. All groups were observed for
clinical signs and mortality for one week post-challenge. Serum samples
were collected 4 weeks following the booster vaccination and subjected
to cross-HI test using serovar specific HA antigens. One week post-
challenge, all birds were killed, necropsied and sinuses were examined.
Evaluation of locally prepared trivalent coryza vaccine in
comparison with commercial bivalent vacecine:

Ten groups (1-10) of 10-week-old male Hy-Line type chickens
of 10 birds each, except groups 7-10, each contained 5 birds were used.
Groups [, 2, and 3 were vaccinated twice at 10 and 13 weeks of age with
the trivalent vaccine containing highly immunogenic local strains 1,12,
L13 and LY representing H. paragallinarum serovars A, B and C,
respectively. Groups 4-6 were vaccinated twice with the commercial
bivalent vaccine, Groups 7, 8, and 9 served as nonvaccinated-challenged
controls, while group 10 served as nonvaccinated- nonchallenged
control. Four weeks following the booster vaccination, all groups, except
group 10, were challenged as follows; groups 1 and 4 were challenged
with strain 221, groups 2 and 5 with strain Spross and groups 3 and 6
with strain H-18. The control groups 7, 8, and 9 were challenged with
strains 221, Spross, and H-18, respectively. All groups were observed
for clinical signs and mortality for one week post-challenge. Serum
samples were collected weekly post-vaccination and subjected to HI test.
One week post-challenge, all birds were killed and necropsied and sinus
swabs were obtained for reisolation of challenged organisms.

RESULTS

Cross-protection of H. paragallinarum strains within the same
serovar:

Tables (I, 2 and 3) show the protection rates afforded by
monovalent vaccines prepared from local and reference strains of /7.
paragallinarum after homologous and heterologous challenge with
strains within the same serovar. All strains showed 100% protection
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against homologous challenge, while variable protection rates were
observed after heterologous challenge with strains belonging to the same
serovar. Two locally isolated strains of serovar A (L12 and 1L.22) and one
strain of each serovar B (L 13) and C (L 9) were found highly
immunogenic, where they induced the best protection against both
homologous and  heterologous challenge. The nonvaccinated-
nonchallenged control group remained healthy during the experiment.
Cross-protection and cross-HI reactivity between serovars A, B, and
C reference strains of H. paragallinarum:

As shown in Table (4), no cross-protection was found between
serovars A, B, and C strains of H paragallinarum. The monovalent
vaccines induced variable protection (80-90%) in vaccinated chickens
against homologous challenge but not against heterologous challenge,
The nonvaccinated-nonchallenged control group remained healthy
during the experiment.

The cross-HI test results (Table, 5) indicated that a very little
cross-HI reactivity was found between serovar A and C strains, while no
cross-HI reactivity was found between serovar B and either serovar A or
C strain.

Efficacy of locally prepared trivalent vaccine in comparison with
commercial bivalent vaccine:

As shown in Table (6), the protection rates afforded by the
trivalent vaccine was 100 % against challenge with any of serovars A, B
or C of H paragallinarum. The commercial bivalent vaccine induced
protection rates of 80 % and 70 % against challenge with strains 221
(serovar A) and H-18 (serovar C) respectively, while it failed to protect
against challenge with strain Spross of serovar B (0.0 %). The HI
response (Table, 7) could be detected in vaccinated groups two weeks
after the first vaccination, increased at subsequent intervals, and peaked
3 weeks after the booster vaccination. A correlation was found between
protection rates and the level of HI titers. The unprotected chickens
showed typical signs of infectious coryza observed 2-5 days post-
challenge and the challenging organisms could be reisolated.

DISCUSSION

Concerning the cross-protection studies, results indicated that the cross-
protection between H. paragallinarum strains within the same serovar
was variable after heterologous challenge. Some strains were weakly
immunogenic  and afforded relatively poor protection against
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heterologous challenge. On the other hand, two strains of serovar A and
one strain of either serovar B or C were found highly immunogenic
against both homologous and heterologous challenge. These results are
similar to those reported by Matsumoto and Yamamoto (1975), Rimler
et al. (1977) and Yamaguchi et al. (1991) who demonstrated that
vaccines prepared from different strains belonged to the same serovar of
H. paragallinarum  yielded only partial cross-protection among
themselves. These results also confirmed the findings of Terzolo et al,
(1997) and Sandoval et al. (1994) suggesting that vaccine failure
occurred because the commercial vaccines, although they may contain
different serovars, did not include local isolates of H. paragallinarum
present in the target population.

Results of cross-protection test between serovars A, B and C reference
strains of /1 paragallinarum indicated that the monovalent vaccines
conferred only type-specific immunity and therefore no cross-protection
was found between the three scrovars. Similarly, Rimler and Davis
(1977) reported that Page's serovars A, B, and C represent three
immunotypes. On the other hand, Sawata ct al. (1980) reported that
Page's serovar B strains only had common antigen of the species and
were therefore considered variants of serovars A and C. Whatever the
contradictory reports about the serovar B strains, the results reported
here altogether with those reported by Yamaguchi et al. (1990) and
Jacobs et al. (1992) confirmed that serovar B strains are truly a distinct
serovar and are typically pathogenic for chickens.

The loss of cross-protection among different serovars of .
paragallinarum was accompanied with a very little cross-HI response
existed only between serovars A and C strains, however it was very low
lo protect against challenge.

Most of commercial coryza vaccines are prepared from serovars
A and C of H paragallinarum. For this and because of isolation of
serovar B strains from outbreaks of infectious coryza, it becomes
essential to include the B serovar in vaccine preparation. Also the choice
of a highly immunogenic strain from each serovar of H. Paragallinarum
was essential in order to garantee full protection against.the prevalent
strains in the area where the vaccine is used.

In the present study, the efficacy of prepared trivalent coryza
vaccine from the highly immunogenic previously isolated local strains
representing the three serovars of H. Paragallinarum was evaluated and
compared with a commercial bivalent vaccine. From our results, it is
cvident that the trivalent vaccine was the best in protection against
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challenge (100%) with any of the three serovars of H. Earagallinarum.
The commercial bivalent vaccine failed to protect against serovar B
challenge and even the protection rates afforded against serovars A and
C strains (80 % and 70 %, respectively) were lower than that induced by
the trivalent vaccine. These results are similar to those reported by
Jacobs et al. (1992), who found that a trivalent coryza vaccine induced a
good protection against challenge with all serovars of H. paragallinarum
even at 55 weeks post-vaccination in comparison with a bivalent
vaccine. In the same manner, Terzolo et al. (1997) reported that all tested
commercial bivalent vaccines containing serovars A and C did not
protect against serovar B challenge.

Furthermore, the HI titers in chickens vaccinated with trivalent
vaccine were higher than those induced by the bivalent vaccine.
However, in both vaccines, the HI response detected at 2 weeks after the
first vaccination and peaked at 2 weeks after the booster vaccination was
correlated with the protection rates in all groups, which extended the
results obtained by Otsuki and Iritani (1974); Yamaguchi et al. (1988)
and Jacobs et al. (1992).

It could be concluded that coryza vaccines protect only against
serovars used in vaccine preparation and the three serovars should be
included. The choice of a strain representing each serovar of /.
paragallinarum should be carefully sclected, which may vary from area
to another according to the immunogenicity of the strain and protection
afforded against other strains within the same scrovar.
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Table 1: Cross-protection between H. paragallinarum serovar A strains
at 4 weeks post-vaccination.

Protection rate*
Vaccine -
strain Challenge strain
L1 L2 [ -E127 [ .13 L22 Strain 221
[®] 100% 70% | 90% | 70% 80% 80%
L2 0% 100% | 70% | 80% 70% 70%
L12 100% | 90% | 100% 100% | 100% 0% |
L4 80% 80% | 70% 100% 80% 80%
RS 772 90% 100% | 100% 90% | 100% 90%
Strain 221 90% 70% 80% 70% | 90% 100%
e I for groups of 10 chick each inated with 2 doses of inactivated

strain/bird at 10 and 13 weeks of age.
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Table 2: Cross-protection between H. paragallinarum serovar B strains
at 4 weeks post-vaccination.

Protection rate®
Vaccine i
strain Challenge strain
Ls L8 L L3 L7 L19 Strain Spross
L5 100% 70% 90% 70% 80% 80%
L8 80% 100% i 70% 80% 70% 70%
L13 100% 0% 100% | 100% 100% | 90%
Li7 80% | 80% 70% 100% | 70% 80%
119 0% | 70% 70% | 80% | 100% 70% |
- - T -
BiRin 0% | 70% a0% | 70% | eo% | 100%
Spross I ! 3 i
* Calculated for groups of 10 chick each vacci d with 2 doses of inactivated

strain/bird at 10 and 13 weeks of age.

Table 3: Cross-protection between H. paragallinarum serovar C strains
at 4 weceks post-vaccination.

Protection rate®

Vaccine S
strain Challenge strain
L3 L6 | 19 | (10 [ L21 Strain H-18

L3 100% 70% | 80% ‘ 70% I 80% 80%

L6 80% 100% | 70% | 80% 70% 70%

L9 100% 0% '. 100% | 100% 100% 90%

L10 70% | 80% | 70% | 100% 80% 80%

L21 80% | 80% 70% 90% 100% 80%
Strain H-18 | 80% I 70% 80% 90% 70% | 100%

* Calculated for groups of 10 chickens each vaccinated with 2 doses of inactivated
strainibird at 10 and 13 weeks of age.
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Table 4: Cross-protection between /. paragallinarum reference strains
of serovars A, B, and C.

Vaccine Challenge No. of % of
Group Strain Strain Diseased rot:;ction
(serovar) (serovar) birds o
1 221 (A) 221 (A) 1110 90
2 221 (A) Spross (B} 10110 0.0
3 221 (A) H-18 (C) 10/10 0.0
4 Spross (B) 221 (A) 10/10 0.0
5 Spross (B) Spross (B) 2/10 80
G Spross (B) H-18 (C} 10/10 0.0
i 2 "H18(C) 221 (A) 10/10 0.0
8 H-18 (C) Spross (B) 10/10 0.0
9 H-18{C) H-18(C) 1110 90
10 None I Nonchail. 0/10 -

* No. of birds with signs /Total No. of birds.

Table 5: Cross-HI reactivity between reference strains of serovars A, B,
and C of H. paragallinarum at 4 weeks after the booster

vaccination.
Antisera of Mean Hl titers (n=5)
Vaccinated Serovar Against different antigens
groups 221 Spross H-18
221 A 1024 0 8
Spross 0 256 ’ 0
H-18 \ c 8 0 f 512
Non-vacc. | ’ d 5 ) .
control § } 2

352



