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Abstract.

Immunogenicity of Haemophilus paragallinarum strains belonging to Sawata’s

serotypes 1 and 2 was investigated. Eleven isolates tested could be divided into two im-
munotypes which correlated closely with serotype-specificity, one corresponding to strain

221 of serotype 1 and the other to H-18 of 2. No cross-protection was observed between

these immunotypes, even though in the hyper-immunized chickens. The bacterins prepared
from serotype 2 strains never produced hemagglutination-inhibition antibody, but gave
protection to the chickens against challenge-exposure with homologous type strains.
Significantly individual variation in the agglutinin production was observed among the
chickens inoculated with single dose, which had enough protection. There was a tendency
that its protection rate was increased depending on the dosage of primary inoculation.

Several workers have so far reported the
presence of cross-protection among Page’s
serotypes [12, 13] of Haemophilus para-
gallinarum in varing extent [l, 2,10, 14, 15].
However, since Matsumoto and Yamamoto
[10], the presence of type-specific immunity
among the serologic types has been reported
[1,2, 14, 15]. We [16] reported the presences
of two different serotypes 1 and 2 among
H. paragallinarum isolates, and of their
type-specific antigens [17]. Subsequently, we
[8,9] described the serotype-specific im-
munity without cross-protection between
the serotype 1 strain 221 [6] and the serotype
2 strain H-18 [7].

This paper deals with further study of
the immunogenicity of the freshly isolated
H. paragallingrum strains belonging to the
serotypes 1 and 2.

Materials and Methods

Strains and cultures: H. paragallinarum Sawata’s
serotype 1 strains 7682, 7719, 7411, 7161 and 7301,
and serotype 2 H-18, 1101, 7710, FO-8, K-6 and
FO-26 were isolated in our laboratory [7,16], and

used for the experiment before the fifth subculture
postisolation. H. paragallinarum strain 221 [6], sup-
plied kindly by Dr. Kato, National Institute Animal
Health, Niigata-ken, Japan, was also used as a
reference strain. By selecting individual single
colony as described previously [16, 17], the cultures
from an iridescent smooth colony [16, 17] which
consisted of encapsulated organisms, were used for
the preparations of agglutinogen and bacterin.

Chickens: Eggs from grandparent stock Heisdorf
and Nelson (Shizuoka-Ken, Japan) known to be free
from Haemophilus organisms and from certain viral
and bacterial infections were incubated at our
laboratory. The hatched chicks were used for the
experiment.

Bacterins: The cultures incubated in S broth
medium [7] at 37°C for 16 hr, were centrifuged at
8,000 g at 4°C for 30 min, washed once in phos-
phate-buffered saline (PBS, pH 7.2), resuspended in
PBS containing 0.019, thimerosal, and adjusted to
5X10° cells/ml and 5X10* cells/m/ by spectro-
photometer (Coleman Junior 11, model 6/20, 650 nm,
5X10™ cells/m{=0OD 0.386). Finally these were
potenciated by adding Al(OH); in 900 ug/ml.

Inoculation and challenge-exposure: Chickens of
the first group were inoculated intramuscularly
with 0.5 ml/ or 1 ml of bacterin, a single dose at 4
weeks of age, the second group with double doses
at 4 and 7 weeks of age, or at 5 and 13 weeks of
age, and the third group with triple doses at 4, 7
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and 10 weeks of age. At 3, 5 or 17 weeks after the
final inoculation, the chickens were intranasally
challenged with the live organisms of iridescent
type [16,17] at least 10° colony-forming units/
0.2 ml/chicken, and were daily observed clinical
signs, especially nasal discharge and facial swelling.
Haemophilus isolation was performed on day seven
after the challenge-exposure. Chickens with coryza
signs or/and with positive Haemophilus isolation
were regarded as infection. Just before challenge-
exposure, sera were obtained for the antibody titra-
tion.

Antibody determination: The non-treated anti-
gens (NT) were prepared from strains 221 and H-18
by the method described previously [17]. The rapid
plate agglutination (RPA) method was employed,
and the results were read as the criteria described
previouély [7]. By using the hemagglutinating anti-
gen prepared from strain 221 (iridescent type),

hemagglutination-inhibition (HI) antibody was de-
termined by the method described by Kato [5].

Results

Cross-protection tests among the bacterins
prepared from strains 221 and H-18, and
various isolates of serotypes 1 and 2: Pro-
tection tests were performed in chickens
between bacterins prepared from strains 221
and H-18 by
excosure with various isolates of serotypes
1 and 2 (Table 1). Both HI antibody and
agglutinin against 221-NT (anti-221-NT)
were found in 90%, to 1009, of the chickens
inoculated with 221 bacterin, which pro-
tected in 709, to 90%, against the challenge-

the intranasal challenge-

Table 1. Protfective activity of bacterins* prepared from Haemophilus paragallinarum strains 221 or H-18
against intranasal challenge-exposure of various strains of serotypes 1 and 2
Challenge- Serum antibody when challenge-exposed Protective activity No_. of i
Inoculated exposed™* chickens with
(5 10° P No. of RPA posi- No. of No. of No. of coryza
No. of Geo- . . L : . Protec- .
cells/ml) . . . tive (=5) chickens chickens chickens chick- . signs/No. of
/ Strain No. of HI posi- metric . . . tive . .
with . . against with with Haemo- ens unvaccinated
(Sero- chick-  tive {=5) mean of ) ) rate
(Serotype) type) ons chickens  HI titer —— . __ coryza philus infect- (%) control
g 221-NT  H-18-NT signs*** isolation  ed ©' chickens used
221 (1) 10 10 86.5 10 0 1 2 2 80 5/5
7682 (1) 10 10 72.8 10 0 2 2 2 80 5/5
7119 (1) 10 10 72.4 10 Q 2 3 3 70 5/5
7411 (1) 10 9 51.8 10 0 2 3 3 70 5/5
221 (1) 7161 (1) 10 10 82.3 10 0 1 2 2 80 5/5
7301 (1) 10 10 96.8 10 0 0 1 1 90 5/5
H-18(2) 10 10 88.5 10 0 10 10 10 0 5/5
1101 {2) 10 9 93.4 9 0 10 10 10 0 5/5
7710 (2) 10 9 68.7 10 0 10 10 10 0 5/5
FO-8(2) 10 10 72.6 10 0 10 10 10 0 5/5
221 (1) 10 0 <2.5 0 4 10 10 10 0 5/5
7682 (1) 10 0 <2.5 0 3 10 10 10 0 5/5
7119 (1) 10 0 <2.5 0 3 10 10 10 0 5/5
7411 (1) 10 0 <2.5 0 4 10 10 10 0 5/5
H-181{2}) 7161 (1) 10 0 <2.5 0 4 10 10 10 4] 5/5
7301 (1) 10 0 <2.5 0 3 10 10 10 0 5/5
H-18 (2) 10 0 <2.5 0 4 2 3 3 70 5/5
1101 (2) 10 0 <2.5 0 4 5 6 6 40 5/5
7710(2) 10 0 <2.5 0 3 2 1 2 80 5/5
FO-8 (2) 10 0 <2.5 0 4 2 3 3 70 5/5

of age.

Nasal discharge and/or facial swelling.

Inoculated {1 ml/chicken} at 4 weeks of age, challenge-exposed at 7 weeks of age, and sacrificed at 8 weeks

Challenge-exposure doses (at least 10® colony-forming units/0.2 mi/chicken).

HI, Hemagglutination-inhibition ; RPA, Rapid plate agglutination; NT, Non-treated agglutinogen.
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Table 2. Protective activity of bacterins® prepared from H. paragallinorum strains of serotypes 1 and 2
against homologous and Theterologous challenge-exposure
Serum antibody when challenge-exposed Protective activity
Inoculated Challenge-
(5109 exposed®* No. of No. of RPA positive No. of No. of
cells/ml) * P Geometric (=5) chickens chickens chickens No. of Protective
f . HI posi- j - . ;
with Strain No. of tive (=5) mean of against with with chickens rate
(Serotype)  (Serotype) chickens ; ke= HI titer ———————— coryza Haemophilus infected (%)
chickens 221-NT H-18-NT signs isolation
221 (1) 10 10 68.5 10 0 1 2 2 80
7682 (1) 10 10 72.5 10 0 0 2 2 80
7119 (1) 221 (1) 10 10 66.7 9 0 2 3 3 70
7411 (1) 10 9 52.3 10 0 2 2 3 70
7161 (1) 10 10 44.8 10 0 1 2 2 80
7301 (1) 10 10 74.5 10 0 2 2 2 80
« H-18(2) 10 0 <2.5 0 4 2 3 3 70
1101 (2) 10 0 <2.5 0 3 4 [ 6 40
7710(2)  H-18(2) 10 0 <2.5 0 5 2 3 3 70
FO-3(2) 10 0 <2.5 0 2 2 3 4 60
K-6 (2) 10 0 <2.5 0 1 4 5 5 50
FO-26 (2) 10 Q <2.5 0 3 3 4 4 60
Control 221 (1) 5 0 <2.5 0 0 5 5 5 —
H-18 (2) 5 0 <2.5 0 0 5 5 5 —_
* See, Table 1. s

** Challenge-exposure doses (221=2.6X10® colony-forming units/0. 2 ml/chicken, H-18=4.5X108}.
Hl, Hemagglutination-inhibition ; RPA, Rapid plate agglutination ; NT, Non-treated agglutinogen.
No protection was observed in chickens challenge-exposed with heterologous strains.

exposure with the isolates of serotype 1.
Agglutinin against H-18-N'T (anti-H-18-NT)
was also detected in 309, to 409, of the
chickens inoculated with H-18 bacterin,
which protected in 40% to 80% against
challenge-exposure with the isolates of sero-
type 2. All the chickens in the heterologous
challenge-exposure group were not survived.

Chickens inoculated with the bacterins
prepared from various isolates of serotypes
1 and 2 were challenged with strains 221 and
H-18 (Table 2). The chickens inoculated
with the bacterins prepared from the sero-
type 1 strains produced in 90% to 1007
both HI antibody and anti-221-NT ag-
glutinin, and protected in 70% to 809,
against challenge-exposure with strain 221.
Ten to 50%, of the chickens inoculated with
the bacterins prepared from the serotype 2
strains produced anti-H-18-N'T agglutinin,

and 409, to 709, of the chickens protected
against challenge-exposure with strain H-18.
All the chickens in the heterologous chal-
lenge-exposure groups were not survived.

Cross-immunization tests between sero-
types 1 and 2 were performed in the chickens
inoculated with triple doses (Table 3). HI
antibody was detected in the chickens inocu-
lated with 221 bacterin but not in the
chickens with H-18 bacterin. Of 40 sera
obtained from 221 and H-18 inoculated
group chickens, 35 reacted to homologous
agglutinogen, but 5 showed slight aggluti-
nation against heterologous agglutinogen.
No protection against challenge-exposure
with heterologous was observed in such a
highly immunized chickens.

Immunization with the 221 bacterins in
varing concentrations: Even in the chickens
given a large amount of antigen, protection
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Table 3. Cross-immunization test* between serotypes 1 and 2 of H. paragallinarum (triple doses)
Serum antibody when challenge-exposed Protective activity
Inoculated Challenge-
(5109 exposed** No. of No. of RPA positive No. of No. of
cells/ml) HIO. . Geometric (=5) chickens chickens chickens No. of Protective
. . posi- . . . .
with Strain No. of tive (5 Mmeen of against with with chickens rate
(Serotype)  (Serotype) chickens chicken=s HI titer ——————————— coryza Haemophilus infected (%)
221~NT H-18~NT signs isolation
221 (1) 221 (1) 10 10 24.2 10 1 0 1 1 90
H-18(2) 10 10 30.2 10 1 9 10 10 0
H-18(2) 221 (1) 10 0 <2.5 2 9 10 10 10 0
H-18(2) 10 0 <2.5 1 8 0 1 1 20
Control 221 (1) 5 0 <2.5 0 0 5 5 5 e
H-18 (2} 5 0 <2.5 0 0 5 5 5 —_

* Inoculated (1 ml/chicken) at 4, 7 and 10 weeks of age, challenge-exposed at 13 weeks of age, and sacrificed

af 14 weeks of age.

** Challenge-exposure doses (221=2.5X 108 colony-forming units/0. 2 ml/chicken, H-18=3.5X108).
H!, Hemagglutination-inhibition; RPA, Rapid plate agglutination ; NT, Non-treated agglutinogen.

Table 4. Efficacy of bacterins® prepared from H. paragallinarum strain 221 of serotye 1 in varying
concentrations
Serum antibody when challenge-exposed Protective activity
Bacterin Challenge-
e exposed*¥ No. of RPA positive No. of No. of
con.cen Ef Of. Geometric (=5) chickens chickens chickens No. of Protective
ration Strain No. of ‘i p(O;-s) mean of against with with chickens rate
(Cells/ml) (Serotype) chickens Il:iek =<' HI titer ———————— coryza Haemophilus infected (%)
chickens 221-NT H-18-NT signs isolation
5X1010 221 (1) 10 9 33.8 9 0 1 1 ] 90
H-18 (2) 10 9 48.7 9 0 9 10 10 0
13X 1010 221 (1) 10 10 110.0 10 0 1 2 2 80
H-18 (2) 10 10 154.2 9 0 10 10 10 0
2.5%10% 221 (1) 10 10 204.1 10 0 1 1 1 90
H-18(2) 10 10 183.2 10 0 8 9 10 0
Control 221 (1) 5 0 <2.5 0 0 5 5 5 —
H-18 (2) 5" 0 <2.5 0 0 5 5 5 —

* See, Table 1.

#* Challenge-exposure doses (221=6X 108 colony-forming units/0. 2 ml/chicken, H-18=1.2108).
HI, Hemagglutination-inhibition’; RPA, Rapid plate agglutination; NT, non-treated agglutinogen.

was only found in the homologous challenge-
exposure groups (Table 4). Geometric mean
of HI antibody titer in the chickens given
the 5Xx101° bacterin was significantly lower
than that of the 11010 or 2.5x 10° bacterins.

Immunization with the H-18 bacterin:
In the single dose of the bacterins, 25%, to
309, of the chickens inoculated with 0.5 ml
produced anti-H-18-NT agglutinin, while

859, to 409, of the chickens with 1 m/ did.
The former protected in 609, against chal-
lenge-exposure with strain H-18, and the
latter in 659, to 709, (Table 5). In the
double doses of ‘the bacterins, 859, to 909,
of the chickens inoculated with 0.5 m/ and
I ml produced anti-H-18-NT agglutinin,
while 909, of the chickens with 1 ml and
0.5 ml did. The former protected in 809,
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Table 5. Efficacy of the bacterins prepared from H. paragallinarum strain H-18 against challenge-exposed
with strain H-18 -
Serum antibody when . L.
Bacterin challenge-exposed Protective activity
0 Inoculation at Challenge-
(5X10 - exposed* Geometric Yo+ of RPA posi- No. of No. of N i Profecti
cells/ml) First Second tive (=5) chickens chickens chickens o © rofective
Lot N (4 weeks (7 weeks Weeks No. of mean of against with with chickens rate
of No. of age) of age) chick- . ———————— coryza Haemophilus .
of age oog" HIMIr 591 NT H-18-NT signs isolation  ™fected (%)
0.5%* — 7 20 <2.5 4 6 8 8 8 60
1.0 — 7 20 <2.5 0 [ 6 6 70
— — 7 5 <2.5 0 0 5 5 5 —
1
0.5 1.0 10 20 <2.5 0 18 2 4 4 80
1.0 0.5 10 20 <2.5 0 18 0 2 2 90
) — — 10 5 <2.5 0 0 5 5 5 —
0.5 — 7 20 <2.5 0 5 7 8 8 60
1.0 — 7 20 <2.5 0 7 5 7 7 65
— — 7 5 <2.5 0 0 5 5 5 —
2
0.5 1.0 10 20 <2.5 0 17 3 4 4 80
1.0 0.5 10 20 <2.5 0 18 3 3 3 85
— — 10 5 <2.5 0 0 5 5 5 —

* Challenge-exposure doses (single dose=8. 83X 108 colony-forming units/0. 2 ml/chicken, double doses=7. 6 108).

** Dosage (ml/chicken).

HI, Hemagglutination-inhibition ; RPA, Rapid plate agglutination; NT, Non-treated agglutinogen.

Table 6.
strain H-18

Durability of immunity in chickens inoculated with bacterin prepared from H. paragallinarum

Inoculation {5X

109 cells/ml) at [\:’:'kOf No. of chickens infected and protective rate (%) against challenge-exposed at
_——— cnickens
First Second challenge- 8 weeks 15 weeks 18 weeks 25 weeks 30 weeks 45 weeks
(5 weeks (15 weeks a*
of age) of age) expose of age of age of age of age of age of age

0.5%* 1.0 10 3(70) 4 (60) 3(70) 3(70) 3(70) 4 (60}

1.0 0.5 10 2 (80) 2 (80) 1(%0) 1(%0) 2 (80) 2 (80)

— — 5 5(—]) 5(—) 5(—) 5(—) 5(—) 5(—)

* Chickens were challenge-exposed with strain H-18 with

** Dosage (ml/chicken).

against challenge-exposure with strain H-18,
and the latter in 859, to 909%,.

Durability of immunity in the chickens
inoculated with the H-18 bacterin was in-
vestigated (Table 6). Eighty to 909, of the
chickens provided double doses of the bacte-
rin 1 m/ and 0.5 m/, protected against chal-
lenge-exposure with strain H-18, while 609,
to 709, of the chickens with 0.5 m/ and 1 ml

at least 108 colony-forming units/0. 2 ml/chicken.

did. The protective immunity still persisted
in significant level at 30 weeks after the
postinoculation with double doses of the
bacterin.

Discussion

In the present paper, to clarify the im-
munologic relationship between Page’s

serotype strains and Sawata’s ones, im-
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munogenicity of fresh isolates of H. para-
gallinarum Sawata’s serotypes 1 and 2 [16]
was studied. Eleven isolates and strain 221
of serotype 1 [6] were divided into two
immunotypes by cross-protection test. Of
these five strains of serotype 1, 7682, 7719,
7411, 7161 and 7301 as well as strain 221
these five strains of serotype 1, 7682, 7719,
had similar immunogenicity and belonged
to one immunotype (1), while six strains of
serotype 2, H-18, 1101, 7710, FO-8, K-6 and
FO-26 belonged to the other immunotype
(2). No cross-protection was observed be-
tween these immunotypes, even in the
hyper-immunized chickens which inoculated
with concentrated becterins or with triple
doses. Using the isolates other than strains
221 and H-18, it is confirmed that serotype
specificity of the strains is closely correlated
to immunospecificity.

A discrepancy exists in the reports on the
immunospecificity of H. paragallinarum.
Page et al. [13] found the presence of cross-
protection among their three serotypes A,
B and C. However, Matsumoto and Yama-
moto [10] found no cross-protection between
monovalent bacterins of strain Modesto and
strain 17756, both considered to belong to
Page’s serotype A. Davis et al. [1, 2] also had
reported the lack of cross-protection within
serotype A strains W and Modesto which
was classified to serotype C by Rimler et al.
[14], recently to Sawata’s serotype 2 by the
present authors [18].

Rimler et al. [14, 15] described the ex-
istance of three immunotypes among their
strains, but, we have so far confirmed two
immunotypes among their strains [9]. Pre--
viously, we [16, 17] reported that the en-
capsulated organisms forming iridescent
colony were divided into serotypes 1 and 2,
and that Page’s serotype B strains 0222 and
Spross used were untypable, because of lack
of serotype B-specific antigen [18]. Further

experiments are necessary to clarify whether
the other serotype or imunotype such as
Page’s serotype (immunotype) B exists.

Kato [4] described that there was cross-
protection among Kato and Tsubahara’s
types I, II and III [6]. However, as previ-
ously demonstrated [16], both their types 11
and III were variants derived from their
type I strain.

Rimler et al. [14, 15] reported that pres-
ence of cross-protection among their im-
munotypes, and that a shared antigen was
responsible for protection. However, our
previous data [8, 17] obtained from anti-
genic analysis of both strains 221 and H-18,
indicated that serotype-specific antigen itself
seemed to be protective antigen. The dis-
crepancy between Rimler et al. [14, 15] and
our observations might be due to differ-
ences in the quality of bacterin, inoculation
method, challenge strain, challenge dose
and the criteria for judging immunity and
so on.

The bacterins prepared from serotype 1
strains produced in birds both HI antibody
and anti-221-NT agglutinin. Kato [5] and
Otsuki and Iritani [11] described that HI
antibody was significantly correlated with
the protective activity against infection with
serotype 1. Iritani et al. [3] reported that
HI test was one of the useful methods for
evaluating potency of the bacterin. In the
present data, a correlation was observed
between HI antibody or anti-221-NT ag-
glutinin titers and protective activity. As
far as serotype 1 bacterin, HI test seems to
be one of the simple and useful method
for evaluating protective potency of the
bacterin. However, all the serotype 2 strains
never produced HI antibody, but protected
enough against homologous challenge-ex-
posure. It is also of interest whether hem-
agglutinating substance and HI antibody
are essentially responsible for the mecha-
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nisms of infection in the mucous membrane
and of its protection. :

For evaluating efficacy of the bacterins,
clinical coryza signs were generally employed
[1, 2, 11, 13-15]. Culture method from
challenge-exposed chickens was also em-
ployed by Matsumoto and Yamamoto [10],
though their recovery rate was significantly
lower than those of morbidity. In the
present experiment, the inoculated orga-
nisms for challenge infection were constant-
ly recovered from the chickens with clini-
cal coryza signs, and the recovery rate was
rather higher than those of morbidity. The
uses of improved identification method and
media may cause these. We may take the
culture method as a useful technique for
evaluating potency of the bacterin.

The present investigation showed that
the chickens inoculated with serotype 2
bacterin, even in a single dose, produced the
protection against homologous challenge-
exposure strains, though no HI antibody
and significant individual variation in ag-
glutinin production (P<0.01) was produced
even in the groups inoculated with double
doses. This shows that antigenicity to
produce agglutinin in serotype 2 strains
might be lower than that of serotype 1
strains.

H. paragallinarum H-18 bacterin ex-
hibited an overall average protection rate of
63.59, with a single dose (0.5 ml dose:609,
1 ml dose:67.59,) and 83.59, with double
doses (0.5 m/+1 ml dose:809, 1 mi+0.5ml
dose:87.59,) against strain H-18. In the
type 2 bacterin, there is a tendency that use
of larger dosage in the primary inoculation
improves the protection rate.
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