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GENERAI, INTRODUCTION

Bovine respiratory disease is an acute infectious disease of
young cattle characterized:by fever, nasal discharge, coughing{ and
fibrinous pneumonia followed in some cases by death (2, 57, 58) . The
economic loss to the cattle industry in the United States from the
disease was reported to be millions of dollars annually, excluding
cost of treatment or preventive measures (l). Studies on etiology of
the disease have indicated that the disease may be the result of a
complex interaction or cumulative effect of viruses, bacte_r-ia!r
mycoplasma, chlamydiae and environmental fabtors (33, 1e1).

Pasteurella multocida (P. multocida) is a major etiological agent

in bovine respiratory disease (25, 32), with capsular type A stréins
most frequently isolated in North America. _Sqﬁe encapsu%gted-strajgg
of g;_multocida are known to be higﬁly pathdgenicwin'experimenﬁal
animals and the presence of the mucoid capsule is important for
Yirulence'(zs,‘34). The capsule of type A strains is primaf;lyl
composed of hyaluronic acid (26, 28) which serves as a framewogk for

the attachment of polysaccharides, proteins and lipids (25) .

The importance of Pasteurellae in bovine respiratory disease has

led to the dedeiopment and use of various bacterin products, either
commerciél,or experimenta}, for immunization. The efficacy and safety
of most of these products still remains in question (9, 42, 49, 64,
71y . ‘Théré is evidence that the use of bacterins whiéh‘are currently

available may in fact be detrimental to ;helhealth of the animal (9,



42, 71). .

Recently, efforts have been made to find effective immunizing
agents to prevent infection by P. multocida including viable vaccinal
§trains such as attenuated aviruient strains (14, 67, 162),
streptomycin-dependent mutants (38, 31), and a chemicéliy altered
~strain (63, 10@). Also, lysates of turkey-grown bacteria (18, 87, 88,
. 89) as well as:isolated cellular fractions of the organism such as
endotoxin (54, 84, 85, 86), free endotoxin (43, 53, 84), riboscmal
.proteins (4), saline extract (62, 98), pétasssium thiocyanate (KéCN)
extract (44, 75, 76, 77) and culture filtrate (96, 97) have been -
studied. Although the immunogenicity of several of these preparations
has been proved in experimenfal animals, identifjcation of the
protective factor (s) - resident in the various preparations was not
determined. ‘

The objective of this investigation was to chéracterizé the
biological activities of fractions 6f type A P. multocida. Specific
aims were: (1) to identify and characterize inhibito;y-fa?to;s for
phagocytic cells preseﬁt in the type A P. multocida capsule and
determine its effect on specific aspects of bovine polymorphonuclear
leukocyte (PMN) function, and (2) to evaluate immunogenicity‘of the
KSCN extracts obtained from_severai P. multocida strains in mice and 
identify a protective component(s) in the KSCN extract on the basis of

antigenic analysis.’



LITERATURE REVIEW

Historical Background

A disease process now known as pasteurellosis was reported long
before the isolation of the causative microorganisms. During the 18th
century, large eporniticé in poultry were reported throughout European
countries and were first studied in France by Chabert in 1782 (46).
Maillet in 1836 termed the disease fowl cholera in connection with
severe losses of fowl (46).

Renault and Delafond, in the middle of the 19th century,.
-presented the‘first experimental evidence of the transmissibility of
the disease by the injection of the infected blood, secretiéns and
tissues to poultry {58). The presence of a bipolar ‘staining, non-
motile organism in the blood of affected birds was first reported by
Rivolta in 1877 and Perroncito in 1878 (58) . Toussaint confirmed
these observations in 1879, was the first to isolate the.microorganism
from the blood of an affected chicken, and cultivatedpit in
neutralized urine (46). Pasteur in 1880 grew‘the‘organism in pﬁre
culture in chicken broth and examined the virulence and immunological
proPerties of the oréanism in chickens (5@). He observed that .
chickens which recovered from the disease or were immunized with aged
live organisms, which were found to be avirulent for chickens, were

protected against ‘a lethal chéllenge dose of fresh-cultured, virulent



live organisms. However, the immunity could be overwhelmed by a large
challenge dose of bacterin.

After isolation of the organism from birds, many investigators
found that this organism was a very versatile pathogen capable of
infecting cattle, buffalo, sheep, swine, rabbits, horses, cats, dogs,
rats and mice (73). Moore in 1895 found the organism on the mucous
membrane of the respiratory tract of apparently normal cattle, sheep,
swine, dogs and cats (19). The importance of the organism in human
infection was recently recognized in relation to infected animal bites
(41).

The isolation of different strains by various individuals from
multiple énimal hosts and at different times resulted in a variety of
terms being suggested to name this organism (73). Kitt in 1885

suggested the term Bacterium bipolar multocidum to name the bipolar

organism on the basis of its infectivity for a variety of hosts.
Trevisan in 1887 used the name "Pasteurella™ in honor of Pasteur and

listed 3 species; P. cholerae-gallinarum, P. davainei and P. suilla.

Flugge in 1896 related the drganisms to species by names such as

Bacillus boviseptica, Bacillus suiseptica and so on. These

classifications represent the early tendency to form a species name on
the basis of the affected host. 1In following this procedures in

detail, Lignieres listed species names, such as Pasteurella bovine for

wild animal, buffalo and cattle strains, P. aviaire for avian strains,
P. ovine for sheep strains, P. porcine for pig strains, etc. Since

all of the strains of the organisms isolated from the different



animals were so similar in their morphology and cultural
characteristics, an inclusive name was suggested again as a
consequence of the trend to use one name for a-variety of strains.

The riame Pasteurella septica suggested by Topley and Wilson in 1936

was employed widely in some European countries. The name Pasteurella
multocida proposed by Rosenbusch and Merchant in 1939 (92) has

acquired almost universal recognition at the present time.

Characteristics of Pasteurella multocida

According to the Bergey's manual (95), fh_muitocida is aTGram-
negative facultative anaerobic bacterium with non-motile and bipolar-
staining properties. Organisms from infected animal tissdes‘QSually
appear as coccobacilli or éhort rods (1.4 + 6.4 by 0.4 + .1 ﬁm)-
Strains isdlated from healthy animals are often plepmofphic with.
longer bacillary forms and are occasionally filamentbus. With
electron microscopic examination of the organism, Brogden (16)
observed small spherical blebs on the surface of the cell and
filamentous appenéages which closely resembled the strUCturgs ﬁresent

on Bordetella species. P. multocida can be distinguished from other

Pasteurella speciés (P. hemolytica, P. pneumotropﬁica, P. ureae) b&
the folldwing characteristics: hemolysis on blood agar -, growth on
MacConkey agar -, indol +, and urease - (25) . |

Many isolates of P. multocida possess a capsule which usually can



be detected by Jasmin's procedure, the Alcian blue method, India_ink
staining (25), or a hegative staining method (16). The amount and
chemic%l nature of the capsule seems to vary greatly from isolate to
isolate. Carter's type A organisms possess the largest capsules which
are composed, to a larde extént, of hyaluronic acid (26, 28) and give
the coldnies a mucoid appearance (26). Same type D P. multocida also
possess a hyaluronic acid capsule, but the amount is quantitatively
much less than type A (29). Carter's type B and E organisms also.
‘possess a capsule but the chemical nature is a glycoprotein rather

than hyaluronic acid, an acid-mucopolysaccharide (5, 79).

Typing Systems for Pasteurella multocida

Methods for grouping énd classification of P. multocida were
extensively revieWed by Cornelius in 1929 (35), Cartgr in_1967 (25)
apd Brogden in 1977 (16). According to the review by CgrneliUS{ early
workers tried to establish a serological classification of the
' bacter}aﬁwhichkcorresponded to the zoological grouping. Matsuda in
1910 considered that a complement fixation test verified the
zoological classification of pig, fowl, rabbit and calf strains.
_Miesser and Schern in 1918 found no agglutinatory relationship between
ovine strains and other animal strains. Fitch and Nelso in L§23 could
'no£ demonstrate correspondence between a serological and a zoological

grouping. Tanaka in 1926 used complement fixation methods and



demonstrated the heterogeneous nature of the zoological groups in this
respect. Lal in 1927 found some evidence of cross-reactivity among
different animal strains using a complement fixation test.

Cornelius (35) classified 17 of 26 strains into 4 groups using
agglutinin-absorption tests and found no relationship between a
serological group and the animal origin of the strains. In 1934, Oochi
examined 72 hemorrhagic septicemia strains isolated from various
species of animals and divided them into 4 groups on the basis of
serological, immunological and pathological properties (16). Like
Cornelius, he found that there was no relationship between his groups
and the host of origin.

Rosenbusch and Merchant in 1939 (92) identified 3 serologically
distinctive types among 114 non-hemolytic Pasteurella strains by
agglutinin tests and ability of the organisms to ferment xylose,
arabinose and dulcitol. Little and Lyon in 1944 (65) confirmed the
existence of 3 serologically distinct types within 3¢ non-hemolytic
Pasteurella strains by passive immunization of mice and agglutination
tests. They found that type specificity, virulence and host origin of
_ these strains were unrelated. Roberts in 1947 (9¢) divided P.
multocida strains into four groups, I, II, III and IV, on the basis of
serum protection tests in mice.

Carter (21) observed that P. multocida possesses a type specific
capsular antigen, presumably polysaccharide in nature. He prepared
the capsular antigen from several serologically distinctive strains of

P. multocida by 2 methods: (1). Bacteria grown on an agar plate were



suspended in buffered saline and heated at 56 C for 1 h. After
centrifugation, the bacterial pellet was discarded and the supernatant
fluid was collected. (2). Bacteria grown on an agar plate were
treated with 1 M sodium acetate and ethanol followed by subsequént
extraction with phenol and saline. He also immunized rabbits and
chickens with #.25% formalized saline-treated bacteria to obtain the
type specific antisera. By the use of the two extracted antigens and
" type specific antisera in precipitation tests, he determined that
there appeared to be a type specific polysaccharide antigen consisting
of, or associated with, the capsule. Based on his studies, he
identified 3 capsular types, A, B and C among strains of P. multocida.
An additional type D was demonstrated by Carter and Byrne (27) by the
same methods.

Carter (22) applied an indirect hemagglutination test for typing
the bacteria, By the use of his capsular antigen preparations, immune
sera and erythrocytes of human O blcod type for the test, he found
that this technique yielded highly specific reactions and had
advantages over other typing methods. The type C. designation was
subsequently dropped because of difficulties in recognition (23). An
additional type E, which was isolated in central Africa and closely
related to type B strains, was suggested later (24).

Heddleston et al. (51) introduced a gel-diffusion precipitation
test for serotyping avian isolates of P. multocida. They prepared P.
multocida bacterins from 5 serologically distinctive strains (an

extention of a proposal by Little and Lion) to immunize chickens for



the preparation of type specific antisera. Typing antigen was
obtainederom bacteria suspended in @¢.85% NaCl solution containing
@.3% formaldehyde and heated in a wate; bath at 100 C for 1 h, fhe‘
sdperﬁatant fluid obtained by centrifugation of the sugpenéion was
designated a heat-stable serotyping antigen. They found that the
hea£-stable antigen of one serotype reactéd only with the hombiogOus
-serum. On the basis of the experiments, they reported that at 1e55t-5
different serotypes could be differentiated by this gel-diffusion test
with heat-stable antigens. This serotyping system was further studied
(15, 52),and is now composed of 16 serotypes'(l6).

Several non-serological typing methods for specific serotypes of
EE;multbcida strains were suggested for the support éf the.p;e&ioqs
txpiﬁg_syspems as ggll as for a rapid procedure. Carter and Annau
(26) found that the capsule of type A stg§§ns contains a large amount
of hyaluronic acid which endows colonies with a mucoid appgarance;

The mucoid appearance 6f the ceclony was changed by‘treatment_with
staphyloccocal hyaluronidase which depolymerizes the hyaluronicracid
polymer of the capsule. By use of this meihod, type A strains could -
be identified non—serologically with staphylococcal hyaluronidase
(28). Carter and Suboronto (29) identified type D strains non-
serologically by the use of an acriflavine reaction that ghowéd a
coarse floccuiation‘only‘wiph type D strains in the slide

agglutination test‘.
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Antigens of Pasteurella multocida

Characterization of the antigenic structure of P. multocida has
proven difficult. The major differences in the antigenic structure
-among various strainé were found to be present in the capsules and
cell walls of the organism (25). Characteristics of the capsules aﬁd
‘cell walls varies with different conditions of growth. Certain
anﬁigens of the organism have been studied for the investigation of
their serological and immunological nature as well as their role in
‘pathogenicity. |

Carter and Annau (26) isolated capsular polysaccharides from the
colonial variants of a type B P. multocida strain. The agar-grown
bacteria were suspended in distilled water and heated at 56 C for 1 h,
followed by centrifugaﬁion at 10,000 rpm. The supernatant fluid
obtained by centrifugation was precipitated with 95% ethanol
containing @.25% sodium acetate. The precipitated polysaccharides
from the fluorescent variant were found to induce a high level df
protection in mice. Those of the mucoid variant were not protective.
When the surviving mice were challenged with strains of other
seroloéical types, there was no protection.

Yaw and Kékavas (192) isolated a capsular polysaccharide by the
method of Carter and Annau (26) from an encapsulated type I strain
(Little and Lyon) which was virulenp for mice and chickens. 'They
immunized ﬁice and chickens with the capsular polysaccharide, the.

heat—killgd cells remaining after the saline extraction at 56 C for 1
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h (28), and the heat-killed cells of an avirulent unencapsulated
variant of the same strain. When the animals were challenged with the
live virulent bacteria, the capsular polysaccharide was found to be
brotéctive in mice and chickens. However, the two heat-killed cell
preparations could protect only chickens. They speculated that the
protecti&e antigen(s) of P. multocida may differ in various animal
species.

Knox and Bain (61) extracted capsular polysaccharides from a P.
multocida strain with 2.5% NaCl solution at 27 C for 2 h. This saline
extract was found to be protective in mice. For the characterization
of the extract, it was acidified with HCl to pH. 3.8, which yielded a
precipitate. The precipitate was removed by centrifugation, and the
remaining supernatant fluid was treated with excess ethanol, which
yieled another precipitate., The nitrogen (for protein), fructose (for
polysaccharide) and heptose (for lipopolysaccharide) contents as well
as immunogenicity of the two precipitates were compared. The
precipitate at pH. 3.8 contained predominantly proteins with some
polysaccharides and lipopolysaccharides, and retained the ability to
protect mice. The ethanol precipitate contained primarily
polysaccharides with some protein and no lipopolysaccharide. Protein
contamination of the ethanol precipitate was removed by treatment with
trypsin. Mice were immunized with the purified ethanol-precipitated
trypsinized polysaccharide. The purified polysaccharide was not
protective in mice. However, this material could absorb some

protective power from rabbit and cattle sera, which were obtained by
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immunization of the animals with formalin-killed bacteria and had
ability to completely protect mice following the passive immunization.
Based on the results, they suggested that the polysaccharide was
significant in immunity, although not exclusively so, because it could
not remove all the mouse-protective power of the immune sera.

Kodama et al. (62) extracted a capsular material from type A P.
multocida by treating the organisms at 56 C for 1 h with 2.5% NaCl
solution. This saline extract induced protective immunity in turkeys
and chickens but, whgn treated with cetylpyridinium chloride, the
precipitated polysaccharide was not immunogenic. By continuing
studies on the extract, Syuto and Matsumoto {98) demonstrated
electronmicroscopically that the treatment of type A P. mltocida
cells with 2.5% NaCl solution removed the capsular material without
disrupting the cells. They fractionated the saline extract by gel-
filtration with a Sephadex G-28¢ column and obtained 4 different
peaks. The protective ability of the 4 fractions was evaluated and
detected only in the first peak. They further purified the protective
antigen present in the first peak by absorbing it onto DEAE-cellulose
and eluting with a linear gradient of NaCl solution. A single peak
which induced protective immunity in turkeys was further
characterized. They found that the purified protective antigen had a
carbohydrate/protein ratio of 1.5 and formed a single precipitin line
with a rabbit antiserum against the original saline extract in gel-
diffusion and immunoelectrophoresis. Upon sodium dodecyl sulfate

polyacrylamide gel electrophoresis, the purified antigen showed 4
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bands. By iscelectric focusing analysis, it showed two bands. Each
band of the isocelectric focusing analysis was isolated and used to
immunize turkeys. However, neither of the two components, alone or in
combination, induced protection in turkeys. They could not explain
vhy neither of the components induced immunity in turkeys.

MacLennan and Rondle (66) isolated lipopolysaccharides from 3
different serotypes of P. multocida by treatment of the bacteria with
45% phenol, followed by centrifugation at 106¢,088 x g for 4 h. The
precipitate was poorly soluble in water but was used in gel-diffusion
tests. They also prepared type specific antisera by immunizing
rabbits with the heat killed bacteria of three serologically
distinctive strains. Gel diffusion tests with homologous and
heterologous type specific antisera indicated that the
lipopolysaccharide showed at least one clear line of precipitation
with homologous antisera but none with heterologous antisera.
Treatment of the lipopolysaccharide at 19¢ C for 1 h did not affect
the formation of the precipitation line. Therefore, they suggested
that the type specific lipopolysaccharide antigen would be useful for
typing.

Bain and Knox (6) treated their saline extract (61) with phenol-
water to extract a lipopolysaccharide. The extracted
lipopolysaccharide was found to be lethal for rabbits at a dosage of
50¢ ug when injected intravenously. Two week-old calves collapsed 2 h
after receiving 306 and 700 ug respectively of the lipopolysaccharide

but subsequently recovered. This lipopolysaccharide induced 20%
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protection in mice against a homologous challenge. Antiserum, which
was obtained from rabbits immunized with the killed whole cells and
possessed abundant mouse-protecting antibody, could not passively
protect other rabbits against the injection of 509 ug of the
lipopolysaccharide.

Penn and Nagy (79) reported that a capsular antigen of types B
and E strains of P. multocida was type specific while the endotoxins
of the two serotypes were not. Bacteria grown on the agar were washed
off ﬁith 2.5% NaCl solution followed by centrifugation at 3,500 x g.
The supernatant fluid was saved and the packed cells were treated with
phenol-water as described by Westphal and Jann (99). Antisera were
obtained from rabbits that were immunized with the formalin-killed
-bacteria. In the immunodiffusion test, two major antigenic components
were found to be present in both the saline and phenocl-water extracted
preparations. The immunoprecipitation lines were fused indicating the
extracts were antigenically similar. The saline extract of a non-
capsular variant lacked one of the precipitin lines, suggesting that
this line was due to a capsular antigen. One percent sodium
deoxycholate treatment of the saline extract altered the position of
the non-capsular immunoprecipitin line. Since sodium deoxycholate
breaks the endotoxin into smaller subunit, it was presumed that this
line is dué to the endotoxin. By the use of rabbit antisera, the-
extracts of both serotypes were compared by immuncelectrophoresis.

The capsular antigen of the one serotype reacted only with the

homologous antiserum, while the enotoxin reacted with both antisera.
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Heddleston et al. (54) isolated a particulate antigen from two
virulent and serologically distinctive strains (X-73 and P-1059) of
type A P. multocida. The agar—grown bacteria suspended in formalized
saline solution were iricubated for 48 h at 4 C followed by '
centrifugation for 39 mlnutes at 12,000 x g. The supernatant fluid
was flltered through a 4ﬂﬂ-mesh nylon cloth. The filtrate was
-centrifuged for 2 h at 105,00¢ x g. A gel-like pellet obﬁained by the
centrifugaion was washed and designated a particulate antigen. The
particulate antigen possessed many of the prﬁperties ascribed to
endotoxins. It was a high molecular weight, nitrogen-containing,
phosphorylated lipopolysaccharide. Injection of 188 to 580 ug of the
antigen intravenously into mice, rabbits or chickens produced severe
effects on these animals such as depression and diarrhea; death
followed. However, it protected almost 100% of_thé chickens and mice
that_weré given 2 ug of the particulate antigen against challeﬁges
with the live organisms. . |

Bebers et al. (85) isolated a barticulate antigen from an
encapsulated strain of type B P. multocida by the method of Heddleston
et.al. (54). This éntigen was also:found to have properties similar
to those of the particulate antigen (55) of a type A P. multocida
strain. It was both toxic and proteétive in mice, rabbits and calves
 depending on doéé,,and similar to the endotoxin of P. multocida in
chemiéél composition and toxicity. |

Crutchley et al. (36) first observed an appreciable amount of

toxic material, indistinguishablé biologically from endotoxin, in the
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culture supernatants of a wide variety of Gram-negative bacteria.
Since this material contained primarily a lipopolysaccharide, it was
referreq to as free endotoxin. Rebers and Heddleston (84) compared
the chemical and immunogenic properties of lipopolysaccharides (LPS)
with free endotoxin isolated from a type A P. multocida strain. They
prepared the LPS by the method of Westphal and Jann (99). The free
endotoxin, which is secreted from or loosely bound to the surface of
P. multocida organism, was obtained by washing the agar-grown bacteria
with cold 8.85% NaCl solution containig formalin followed by
centrifugation and gel filtration on a Sepharose 2B. column. The free
endotoxin induced active immunity in mice, but the LPS did nhot.
Although the LPS and the free eﬁdotoxin both contained nitrogen,
Qhosphorus, heptose and hexose, tﬁe free endotoxin had more nitrogenf
Vigorous mixing of the free enthoxin or whole cell preparatidn with
56% phenol at rocm temperature and subSequeﬁt dialysis to remové
phenol resulted in complete loss of ability to induce active immunity
in mice. Since most polysaccharides are stable to phendl andlmqst
proteins are irregergibly denatured by it, it would appear that some
form of protein is necessary for the induction of active imﬁuﬁity'
against_g,.multocida infection.

Brogden and Rebers (17) examined the serologic specificitiesléf
the Westphal-type LPS isolated from 16 serotypes of P. multocida.
They compared.the LPS with the Heddleston's heat;stable typing antigen
in gel diffusion tests. They found that the LPS from each of the 16

serotypes reacted only with its homologous antiserum in 14 of the 16
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serotypes. Therefore, they concluded that the LPS appeared to be one
of major antigenic components responsible for the type specificity.

Rebers et al. (86) examined the serological and immunological
propetties of a purified LPS antigen isolated from én'encapsulated
strain of type A P. multocida. A crude LPS was obtained by the
phenol-water extraction and contained nucleic acid, and capsular
polysaccharides as well as LPS. The crude LPS was further purified by
the treatment with RNase and DNase, followed by centrifugation ét
165,000 x g for 3 h. The purified LPS was fractionated in a CsCl,
density gradient centrifugation at 99,000 x g for 79 h and 3 visible
bands were obtained. The middle band contained most‘of the LPS. The
crude LPS and the middle band (1 to 1¢ ug) were used'to immunize
chickens to produce antisera. Passive administration of antiserum
against the crude LPS protected 18% of the chickens. However, passive
administration of antiserum against the middle band protected 86% of
the chickens. Antisera obtained from the surviving chickens gave a
single precipitation line in gel diffusion with the homologous.
Heddleston's serotype antigen (16), and no reaction was obtained with
any of the other 15 serotype antigens._ Therefore, they concluded that
P. multocida LPS is an important serological marker in Heddleston's
typing system and antibodies induéed against the LPS contribute to the
protection of chickens.

Bain (5) extracted a capsular protein-complex fraction from a
type B P. multocida strain by tréating the organisms with potassium

thiocyanate (KSCN). To a dense suspension of bacteria in normal
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saline there was added an equal volume of 1 M KSCN solution, followed
by incubation at 37 C for 5 h. The bacterial suspension was
centrifuged and the supernatant fluid was dialyzed against distilled
Water, This KSCN extract was found to be toxic for rabbits in a dose
of Sé ug when injected intravenously. AHowever, mice-given_l mg of the
extract bya;he same route were not affected. For mice, the KSCN
extract Qas found to be an important antigen conferring active
immunity in small doses and removing the protective power from an
antiserum that was obtained from rabbits immunized with heat-killed- -
whole EactEria and possessing abundaqt mouse-protective antibody.
Mukkur and Nilakantan (77) confirmed the immunogenicity of this - ,
material in cattle. |
Gaunt et al. (44) reported that the KSCN extract from a serotype
3 (pP-1059) P. multocida strain was immunogenic in chickéns against a’
challenge infection of the homologous strain as welllas.one.
heterclogous strain tested (serotype 1, X73) « Gel-diffusion analysis .
revealed the presence of two components which were antigenically
identical in KSCN extracts of both serotypes. - ;
Mukkur (75) immunized mice with the KSCN extract of:g. hemolgtica |
serotype 1. These mice were found to resist a challque infection of
a type A P. multocida. strain, thué demonstrating cro’ss—prdtecti‘on
between speciés.‘ This finding was further supported by the findinq
thailg, multocida organisms could be killed by incubation with guihea
pig cgmpleﬁent and an‘antiserum directed against the KSCN extract of

P. hemolytica, and vice versa.
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Mukkur (76) compared the immunizing efficiency of the KSCN
extract of a type A P. multocida strain with a formalin-killed P.
multocida bacterin in mice. All of the mice immunized‘with the KSCN
éxtréct survived a challenge dose of 1.6 x 186 cells. All of the mice
immunized'with thelbacterin survived a challenge dose of 15 cells; the; '
survival rate décreased with incréasing challenge dose. With a “
challenge dose of 1.5 x 103 ceils, only 16% of the immunized mice
‘survived. When combination of KSCN extract and bacterin were used to
immunize mice, the survival rate was no better than that of mice
immunized with the bacterin alone.l Ten times higher bactericidal
titers were present in the sera of mice immunized with the extract
cdmpared with those given the bacterin. Three times higher titers
were present in the sera of mice immunized with the extract compared
'withrthbse given the bacterin plus the extract. Based on the results,
they suspected that immunosuppresion might conceivably be due to |
antigenic competition or partial denaturation of some vital protective
antigen(s) as a result of formalin treatment,

Bhasin (1¢) tried to-evaluate the immunogenicity and toxicity of
a variety of antigens from a type A P. multocida strain such as,
saline extract, free andotoiin, and phenol extracted endotoxin. The
fsa}ine extract possessed significant immunogenicity (76% protection)
and_was non-toxic for mice. Free endotoxin in doses of 20 ug were
highiy immunogenic (100% prbtection) in mice withodt the development
of éigns of toxicity. Hiéhe; doses (48 to 168 ug) were toxic buf also

highly immunogenic. The phenol extracted endotoxin was highly toxic
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and non-imunogenic. An immunization trial with turkeys suggested that
the free endotoxin was a better immunizing agent than heat-killed
bacteria.

Srivastava et al. (97) compared the immunocgenicicty of the
culture filtrate, cell walls and cytoplasmic components of a type A P.
multocida strain, and tried to isolate a protective component(s) from
the culture filtrate, The culture filtrate was prepared by
centrifugation of bacterial cultures at 18,406 x g for 1 h followed by
filtering‘the supernatant fluid through a .45 um membrane filter.

The sediment obtained from the previous centrifugation was ruptured in
a Ribi ¢ell fractionator followed by centrifugation at 165,080 x g for
1 h. The sediment was designated as cell wall and the supernatant was
filtered through a @.45 um membrane filter. The filtrate was
designated as cytoplasmic components, Cell walls induced more
protection in mice than cytoplasm or culture filtrate. They
fractionated the culture filtrate on a Sephadex G-5@ column and
obtained 4 fractions. The first fraction was found to contain a
protective material responsible for the protection of mice and was
more immunogenic than cell walls. They indicated that this material
is different from the free endotoxin studied by Heddleston and Rebers
{53), because it had very low levels of 2-keto-3-deoxy-octanate (KDO)
and heptose which are known principal chemical components of the
endotoxin. Srivastava and Foster (96) continued to study the first
fraction obtained from column chromatography. They treated it with

ether to yield a "glycolipid-like" material and with phenol to yield a
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"lipopolysaccharide-like" material. They found that the ether-
treated material was mbre,protective for mice than the first fraction
of the culture:filtrate.~ However, the phenol-treated material Was not
immuniogenic in mice and was toxic by rabbit skin tests.

Ganfield et al. (43) tried to purify a protective component (s)
from the saline extract of a type A P. multocida strain. The starting
material was obtained from the saline (#.85% NaCl containing @.l%
formalin} extract of P. multocida cells by differential centrifugatioq
at 1ﬁ5,ﬂﬂﬂ X g, and further purified by gel filtration on Sepharose
2B. Three fractions were obtained after gel filtration. The first
fractionlconsfsted of 10% of the starting material and was immunogenic
in mice (8¢% protection). The second fraction consisted of 75 to 95%
of the starting material and induced active immunity in mice and
turkeys with the doses of 18 to 20 ug. Large doses were found to be
lethal. The third fraction was much less effective in indﬁciﬁg a
protective immune response.

Baba (4) éxamined the immunogenicity of a ribqsomal fractfbn
isolated from a type A P. multocida strain. Organisms grown in a.
liquid medium were harvested and washed by centrifugation. The packed
cells were suspended in a tris~HC1 buffer, pH 7.4, followed by'£he.,‘
rppture:in a French press. }The ruptured cellular mass was centrifpgfd
.at.8,ﬂﬂﬁ x g for 4¢ min to remove whole cells, cellular debris and
cell wa;ls. The supernatant fluid was further purified by
differential centrifugation, zonal electropho¥eéiskand gel filtraéibﬂ

on a Sephadei G-208 column. ‘The ribosomal fraction exhibited iﬁtense
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protective antigenicity in mice and turkeys. Sodium deoxycholate
.treatment of the ribosomal fraction resulted in a 15% loss in
immunological activity and ribonuclease treatment caused a Gﬂ%'léss of
the activity. . Purified ribosomal prétein or RNA were not i@munogenic

in mice,

Antigenic Analysis of Pasteurella multocida

Although current studies have demonstrated that.gh_mu}tqéida
organisﬁs are a serélogically and .immunologically heterogenecus
sgécies, knowledge of the quantitative as well as qualitative nature,
of the antigenic components present in the various immunogenic |
preparations, their probable numbe;_and location, and identification
of the protective or inhibitory component(s) is far from complete.
There are only a few studies on the antigenic analysis of Eh{mhltqcida 
reported at present. ! _ k

Prince and Smith (8@, éli 82) reported their series oﬁ antigenié:m
stgdies_onlg. mﬁ;tocida. They prepared a variety of,antigeng such aé;-
capsular eitract? micklé disintegrate, son;c disintegrate, cell wall,
iscelectric precipitate at pH 3.8 and polysaccharide fraction.. |
‘Antisera were prepa:ed by immunizing rabbitS‘with whole kiléea
bacteria; disintegrated bacteria, capsular extract or cell &all. :
Using a standard electrophoresis system, up -to 18 antigens of a sﬁrain

of P. multocida‘WErg identified. When they examined the cross-
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réactivity P. multocida antigens with a‘variefy of Gram-negative
bacteria, P. h%molxtica was the most cross-reactive bacteria with 5
croSs—reactiv€ antigens.

Baxi e£ al. (7) studied the antigenic sfructure of strains of 4
Carter's capsular types by immunodiffusion and immunoelectrophoretic
techniques. They found that at least 10 d;fferent éntigehic
components from the sonicated type A bacteria, 6 from type B, 3 fram .
type D and 7 from type E. However, the types could not be
differentiated from one another by these techniques.

Mukkur (76) reported that there were three antigenic components
in the KSCN extract of a.typé A P. multocida strain by the use of
‘immgnpelectrophorétic techniques and antisera obtainéd from mice
immunized with the KSCN extract.

Griffith (47) reported that différgpt bacterial fractions
isolated from the same type A organism shared some of antigenic
component (s) with each other. At least one or more (up to .7
antigenic componenté were identified from each fraction by
immunodiffusion and immuncelectrophoretic techniques.

Bhasin and LaPointe-Shaw (12, 13) examined the antigenic
qomplgxities of type A P. multocida by the'use of crossed- _
immunoelectrOphoretic (CIE) techniques. They preparéd'a bariéty-df
antigens such as whole cel;‘disintegrate, cell envelope (séline
ektract[, KSCN eﬁttact;'free endotokin}_and phenol—extracted
1ipopoly5accharide. They also prepared specifié antisera against each‘

antigen by immunizing rabbits with the antigens. The applicatién of

g
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CIE to the analysis of P. multocida antigens revealed anﬁigenic
complexity not}found before. They identified at least 55 antigenic
coﬁponents in rhe cytoplasm, 19 in cell envelope, 5 in the capsular
extract, 7 in the KSCN extract, 3 in the lipopolysaccharide, 3 in the
. heat-stable antigen and 5 in the free endotoxin.,

McKinnéy and Rimler (74) examined the suitability of avian anti- -
P. multocida serum for application in CIE techniques to detect
antigenic compénents of avian P. multocida strains. They found that
- 9.05 M sodium acetate buffer at pH. 5.6 was the most suitable buffer,
because avian gntisera did not migrate at this pH, but migréted'at pH
. 8.6 which is @ormally-used in electrophoresis with mammalian sera:

| !
Immunization of Cattle against Pasteurella Infection

The imost prevalent bacterial species found in the lungs ?f'céttie
with severe respiratory disease are_g._multOcia; and P. hemqlxtic§r'
(25, 32, 33, 45, 57, 58, 72). Sihge numerous attempts to devél?p
successful 1nﬁunizing agents have failed, bacterial pnégmonié»due to
Pasteurglla-organiSms is still a éeridqs prob}em}iﬂ:the‘caﬁtle- |
ipdustry.

Palotay et al. (78) tested several biological agents in an
_ atteﬁpt to prevént respiratory infection in newly-weaned beef calves.
Of these agents, three agents that 51gn1flcantly reduced mortal1ty

were (1) a commerc1a1 hemorrhag1c septlcemla bacterin, (2) a blvalent
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bacterin prepared from a P. multocida and a P. hemolytica strains, and
(3) a formalizéd bacterin prepared from chicken embryo—grown P.
hemolytica which was isolated from cattle that died from acute
pheumonia.l Howevér;'there still remained 9.38% incidence of disease
in the most effectively protected group when compared with 21.85%
average for the control grouﬁs. 7

Hamdy et al. (48) examined the efficacy of 5 different comﬁercial
Pasteurella bacterins in young calves under field conditions.

Althdugh immunized calves showed as much as 500 times greater antibody
titer than the controls, none of these bacteriné efféCtively'feaUCed
-the incidence of the disease.

. Larson and Schell {64) compared the toxicity of Pasteurella
ba?tgrins with their potential protective'value in calves undergoing
the étress of weaning and shipping. Calves given the bacterin
developed significantly higher antibody titers than the controls.,
However, the immunized calves developed fever and leukocytosis wifh
neutrophilia, although these effects were transient and did not
clinically alter their generalAState of health when compared ﬁith the
non-vaccinated confrolsf -

Bennett (9) examined the efficacy of commercial Pasteurella
bacteriﬁs fﬁr yearling feedlot cattle. He found that the-mortq;ity
hrate,]thoﬁgh‘not stafistically significgnt, was increased in
vacéinaﬁed calves.

Friend et al. (42) induced‘respiratory disease expe:imentally'by 3
the admihistration of the live P. hemolytica organisms in calves -
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vaccinated with P. hemolytica bacterin and non-vaccinated controls.
All the calves became severely ill about 2 to 6 h after the challenge
with the development of severe respiratory distress, abnormal lung
sounds and coughing. Body temperature and total white blood cell
counts tended to peak at 9 to 18 h with improvement or deterioration
in clinical condition occurring subsequently. Calves with persistent
signs of illness were killed at intervals, and the macroscopic and
microscopic lesions of lungs were examined. The severity of the lung
lesion were ranked. They found that the calves vaccinated with a P.
hemolytica bacterin developed more severe pneumonia than the non-
vaccinated controls.

Markham and Wilkie (71) reported a detrimental effect of P.
hemolg;ica bacterin on bovine alveolar macrophages. They cultured the
macrophages in Leighton tubes and added 1251 1abeled P. hemolytica
with fetal calf serum or an immune serum that was obtained from calves
immunized with P. hemolytica bacterin., Tubes were then incubated at
37 C for 2 h, after which coverslips were removed, washed in normal
saline to remove unphagocytized bacteria, and placed in a gamma
counter, Coverslips were stained and the number of the macrophages
and bacteria was counted. The uptake of 125112L hemolytica by the
macrophages was significantly enhanced in the presence of the immune
serum. However, the ratio of macrophages and bacteria adhering to the
coverslibs was significantly decreased, This indicated that the
macrophages probably died after the uptake of the bacteria or at least

lost their ability to adhere on the coverslips. In a separate
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exper imentation, they prepared 5lCr-labeled macrophages and a culture
supernatant of P. hemolytica. When the culture supernatant was added
to the culture of the 5lcr-1abeled-macrophagés, the release of 5lCr
was significanily increased. Based on ;hese\results, they concluded
that the'immunization of cattle with P. hemolytica bacterin may be
detrimental to the macropﬁages of the host rather than protéctive.
The detrimental cohpénents of gb_hemoiytica on the bovine macrophages
is probably a cyfotokin, which is released to the medium by P.
hemolytica during culture or released tb the phagocytic vacuole of the
ﬁacrophage after ingestion of the bacteria.

Due to the questionable efficacy and detrimental‘effectg of
~Pasteufeila bacterins in cagtle, many new approaches:for the
preparation of an effective immunizing agent have been proposed. -
Chengappa and Carter (3@) prepared live streptomycin—dependént (strD)
mutants from a streptomycin-sensitive type A P. multocida strain and a
type 1 P, hemoiztica strain by treating the organisms with N-methyl-N-
nitro-N~nitrosoguanidine as a mutagen. They found that the putanps
'Qere not.bathogenic in mice wﬁilejthe wild types were pathqgenic. In
éﬁéirbcqptinuing studies, Chengappa et al. (31) vaccinated rabbits
with the type A strP mﬁtant either by intranasal or subcutaneous
adminjst?ation. Either‘meghod provided compleﬁe.protedtion against
homologous, wild type challengé as gvidénqed by ébsenée of clinical.
signs or pathologic changes énd failure to isolate the organism from
mucous secretions or tissues from the vaccinated individuals. R

Kucera et al. (63) developed a chemically'altered.type A P.
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multogida vaécinal sﬁfain (76-63M) by treatment with acridinium salts.
This strain was found to be protective for mice and hamsters not only
against a. homologous challenge exposure; but also égainst challenge
exposure with a number of heterologous type A strains and a type B
strain. This strain was also found to be protéctive_against the type
B'éhallenge exposures in calves, as well as type A strains in éwine
and sheep. | | | B
ang-and ﬁucera (129) uSéd the chemically altered 76-63M strain
to vaccinafe mice and hamsters to f£ind the cross—proteétivity'between
different capsular types of P. mqltqcida strains. At least half -of

the mice and hamsters vaccinated survived against the challenge

exposures with type A and B strains.

Cellular Immunity against Pasteurella multocida

It has been generally consideéred that immunity to P. multocida

infection is p;imariiy hﬁmoral in nature (34). Recently, it has bqén

suggested that cell-mediated immunity of the host against P, multocida-

infection may be as important as humoral immunity (68, 69, 7¢). .The
cellular immunity to this organism can be measured by lymphocyte .
blastogenesis assay in some cases. There is evidence that this

organism can inhibit the cellular immunity of host.,

Maheswaran et al. (79) performed a lymphocyte-blastogenesis_aésay

using peripheral bléod lymphocytes from turkeys that were immunized
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with a ba&terin or left as non-immunized controls. They found that a
higher stimulation was obtained with immune lymphocytes than with non-
immune lymphocytes.

Maheswaran.qnd Thies (68) developed a whole blood lymphocyte
‘stimulation assay to study cell-mediated immune responses in bovine
pasteurellosis. Peripheral blood lymphocytes from cattle immunized
" with -hemorrhagic septicemia strains (type B and E) of P. multocida
 exhibited higher stimulation indices when incubated with the antigens
- of homologous serotypes than the heterologous shipping fever serotype
{(type B), and vice versa. Based on the results, they suggested that ’
. lymphocyte stimulation asséy is useful for the measurement of cellular -
immune respose of cattle against pasteurellosis and for the
differentiation of strains of P. multocida isolated from cases of the
different diseases.

Maheswaran and Thies (69) examined the influence of encapsulation'
on phagocytosis of P. multocida by bovine neutrophils by using two
encapsulated strains, NA77 (éapsular type A) and C42 (capsular tyfe_w
B), and one unencapsulated strain (1173). When they measured the
gppake of [3H}tﬁymidine-labeled baéteria in the presénce of normal
bovine serum, the encapsulated strains inhibited the phagocytic
aqﬁiyity of bovine neutrophils while the unencapsulated strain did
not. .C42 (capsular type B) could be completely phagocytized by the
neutrophils in the presence of hyperimmune anti-C42.§erum. However,
only 3.8% of the NA77 (capsular type A) bacteria were ingested by the

neutrophils. in the presence of hyperimmune anti-NA77 serum. When they
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treated NA77 organisms with bovine teStic;ular'.hyaluroniéase‘, 9'09:?_5‘ of
the decapsulated organisms were ingested. ’;héﬁefore', they concluded
thét'j_:he .-facto;: associated with NA77 o:ganism which inhibitea‘i;he -
p‘ha'c_}ocytic- activity of neutrophils was pr.;obab,ly' hyélu‘ronic_ acid !wr;ich

is a major component of the capsule of type A P. multocida. "
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, SECTION I.

EFFECT OF TYPE A PASTEURELLA MULTOCIDA FRACTIONS ON BOVINE

POLYMORPHONUCLEAR LEUKOCYTE FUNCTIONSl

Surmmary

The effect of various Pasteurella multocida fractions on bovine

polymorphonuclear leukocyte (PMN) functions was examined in vitro by
using two encapsulated strains, P-2383 and P-1862 (both Carter's
capsular type A and of bovine origin). The ability of PMNs to ingest

Staphylococcus aureus and iodinate protein was significantly inhibited

in the presence of live cells, heat-killed whole cells, or saline
extracted capsule but not in the presence of the decapsulated heat-
killed cells. None of the fractions of the two strains inhibited
nitroblue tetrazolium reduction by PMNg, The saline extract did not
inhibit the binding of iodine to protein by a reaction involving
xanthine, xanthine oxidase and horseradish peroxidase. The PMN
inhibitory factor was further characterized as a heat-stable capsular

material of greater than 30¢,00¢ molecular weight.

lPublished in Infection and Immunity, 1984, Vol. 43, p. 66-71 by

H. Ryu, M, L. Kaeberle, J. A. Roth, and R. W. Griffith.
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Introduction

Pasteurella multocida is a major etiological agent in bovine

réspiratory diseasé (3,6), witﬁ capsular type A sttains'most
trequently iso}ated in North America. Some encapsulated strains of P.
‘multocida are known to be highly pathogeﬁic in experimental animals
~and the‘presence of the mucoid capsule is impOrtant for virulence
{3,7) . The capsule of type A strains is primarily composed of
hyaluronie acid (4,5) which serves as a framework for the attachment
of polysaccharides, proteins and:lieids (3).

The importance of Pasteurellae in bovine respiratory diseasé has

led to the development and use of various bacterial products for
immunization. The efficacy and safety of most of these products still
remains in question (2,13,17,19). There is evidence that the' use of
bacterins which‘ate curtently available may in fact be detrimental to
the health of the animal (2,19).

Recent studies on type A P. multocida capsuiar materials
1ndlcated that a KSCN extract (12,20) and a saline extract (16 25)
were protectlve against experlmental challenge in mlce, chlckens and
turkeys. The capsule of a type A P. multoclda has also been
 demonstrated to inhibit the phagocytic act1v1ty of bovine neutroph1ls
(18). Therefore, the capsule may contain not only a protectlve
antigen but also a component which interferes with phagocytlc cell
function. It is not unusual for bacterial 5ur£ace ﬁaterial to contain

both algroteCtive antigen and a virulence factor (8,9,14).
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Phagocytosis of invading microorganisms by polymorphonuclear
leukocytes (PMN) can be one of the major cellular defense mechanisms
in protecting animals from microbial infectiqn. Maheswaran and Thies‘
(18) reported that an encapsulated type A P. multocida (NA 77)
inhibited thé phagocytib activity of neutrophils (PMNs). When they
measured the uptake of [3H]thymidine-labeled bacteria by PMNs, only
3.8% of the encapsulated organisms were ingested. .When the
eﬁcapsuléted bacteria were treated with bovine testicular
.'hyaiuronidase, however, 98% of the decapsulated organisms were
'ingested. They concluded that the factor which inhibited the
phagocytic activity of PMNs was probably hyaluronic acid which is.a
major component of the capsule of type A P. multocida.

The purpose of this experiment was to further characterize an
inhibitory factor present in type A P. multocida capsule, and,

determine its effects on specific aspects of PMN function.

Materials and Methods

Organisms

 Two strains of Pasteurella multocida were usedlthroughouf this
sEudyﬂ(P-2383 and P-10662). Stfain P-2383 was isolated from a case of
: boyineapﬁeumonia presented to the Veterinary piagnostic Laboratory,
Towa Stéte University, Ames, IA. This isolate was a—£ypica1_g;

multocida strain; subsequent typing confirmed it to be a Cérte;'s
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capsular type A. Strain P-1062, also a type A and of bovine origin,
is a challenge strain {IRP-198, Natiénal Véter;nary services
Laboratory, U.S. Department of Agricultufe, ames, IA). Each strain
was inoculated into the yolk sac of 6-day-old embryonated chicken
eggs., Following incubation at 37 C for 18 h, the yolk material was
asepticallf'removed and frozén in_aliqubts at -78 C. These aliquots
were uéed-as inocuium for préparétion of bacterial fractions used in

this study.

: Bacterial fractions

The preparation of bacterial fractions is illustrated at Fig. 1.
Infected yolk material was thawed, inoculated dh a 5% bovine blood
agar plate and incubated at 37 C for 24 h.. One colony was transferred
to 5 ml'of brain-heart-infusion (BHI) broth (Difco Labora;oties, '
Detroit,fMIf containing #.5% yeast extract (Difco) and 5% sterile
bovine serum (BHISY) and incubated at 37 C for 4 h., This cultére was
then added to 18@¢ ml of BHISY and incubated an additional 4 h. ‘Roux
bottles containing.déxtrose-stafch agar (Difco) were inoculated with
?.ﬂ ml of BHISY culture and incubated at 37 C for 36 h. Cells were
harvestqd by wéshing the agar surface with sterile phosphate-buffered
" saline solution . (PBS, pH. 7.2) and cell cdngentrqtién was adjustgﬂ so
‘that a 1¢-fold dilution had an optical density (0.D.) of §.4 at 540 rm
'(appfoximatly'l.ﬂ k‘iﬂlg cells/ml). The cells were washed three’ —
times in PBS and an aliquot was sa#ed for the "live cell fraction“‘

(LCF) . The remaining cells were washed one more time in PBS. Cells
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Agar-Grown P. multocida ——————» 10"%¢.F.u./ mIPBS
(10X, 0.4 O.D. at 540 nm) plate count

Washed 3 times

LCFq—‘———- Live Cells {packed)
PBS
2.5% Saline,
56°C, 1Hr.

. Dialysis in PBS
Heat Killed Whole Cells »KCF

Centrifugation

Pellet Supernatant
Washed 3 Times _Dialysis in PBS
and Resuspended
in PBS Saline Extract = SEF

Decapsulated cells = DCF

Hyaluronidase

Filter thru 37°C, 3 Hr.
“Amicon” PM300 Filter %l.;tgcla:;dM.
{Approx. 300K Cutoff) ¢. 15 Min.
SEF-A
o o
Retentate = SEF-R Filtrate = SEF-F
Hyaluronidase
37°C, 3Hr.
SEF-RH
Filter Thru

“Amicon” PM300 Filter
{approx. 300K Cutoff)

Y K
Retentate = SEF-RH-R Fiitrate = SEF-RH-F

Fig. 1. Preparation of bacterial fractions.
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hid
1

packed by centrifugation were resuspended tc. the orig%nal volume in
2.5% (wt/vol) sodium chloride (NaCl) solution and placed in a witer
i

bath at 56 C for 1 h. After this saline extraction, an aliguot was
saved for the preparation of "heat killed whole cell fraction". The
remainder was centrifuged at 17,300 x g for 2¢ min at 4 C, The
supérnatant wés saved and the belleted cells were'was;ed three ;times
and resuspended with an equal volume of sterile PBS. ‘This ﬁreparation
‘'was designated the "decapsulated heat-killed cell fractlon“ (DCF) .

The heat-killed whole cell and supernatant fractionspwere dialyzed
_against PBS for three days to remove excess salt and used as the
"heat-killed whole'qgll“ (KCF) and "saline extract" (SEF = 1.06 mg dry
weight/ml for P-2383 and @.91 mg/ml for P-1062) fract'ions. Aliquots,
of_SEF were treated various ways including: (1) treaément with,povine
testicular hyaluronidase (Sigmé.Chemical Co., St. Loﬁis, MO.; 1Emg of
hyaluronidase per mg dry weight of SEF) by incubapiné in a watef bath
at 37 C for 3 h (SEFrH); (2) autoclaving at 121 C fof.ls‘min‘(S?F-A){
(3) filtration wi;h a 364,000 molgcular-weight cutoff filter (Amicon
Corp. Lexington, MA). The filtrate was designated SEF-F (B,ZB:ﬁg dry
veighé/ml for P~2383 and 6.25 mg/ml for P-~1062) and_ﬁti;ized girectly.
':IThe retentate was washed three times on the‘fiitratibn membrane with ;
PBS and designated as SEF-R (#.94 mg dry weight/ml fér P-2383 and 0.80
mg/ml for P-1862). Control preparations of hyaluronic écid (Humah .
umbilical cord, Sigma) and hyaluronidase (Sigma) at a goncentrgti$n=of,
1 mg/ml in PBS wererrepared. The SEF-R of strain P-2383 was treated

lwith bovine testicuiar-hyaluronidase (Sigma, 1 mg of hyaluronidase-per
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né dry weight gf SEF-R of strain P-2383) and then f£iltered with a
300,00¢ molecular weight cutoff filter (Amicon). The filtrate was |
designated SEF-RH-F (@ .80 mg dry weight/ml for P-2383 and @.62 mg/ml‘
for P-1062) and utilized directly. The retentate was. washed three.
times'as previously described aﬁd designated SEF*RH;R {l.d. mg dry

<weight/ml for P&2383'ahd #.98 mg/ml for P-1862).

PMN preparation

. PMNs were isolated as'preéiously described (23). Briefly,

_ peripheral blood from healthy adult cattle was collected in acid-

. citrate-dextrose solution, centrifuged and the plasmé and buffy coat
layér were discarded. Erythrocytes in the packed cell fraction were
1ysed.with distilled water aﬁd the rémaining ce;ls, which generally
cdpsistéd of greater than 90% granulocytes, were washed gnd suspended
in PBS to a concentration of 5.8 x 197 PMNs per ml. The cells were

" held at room temperature and wére used in all three PMN function

tests,

PMN function tests

The procedures for.evaluating PMN ﬁunctidns have been described
in detail (23). All PMN function tests were conducted in duplicate
and the .average of duplicate values was used for calculation.

(1) . Staphylococcus aureus ingestion. Heat-killed

[1251] iododeoxyuridine ([1251)UdR, Amersham Corp., Arlington Heights;

IL)-labeled S. aureus was used to evaluate ingestion by PMNs. The
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test was conducted in 12 x 75 mm plastic tubes and the standard

. reaction mixture contained ¢.1 ml of [1251]UdR-labeled S. aureus,
6.95 ml of PMNs (2.5 x 106 PMNs, bacteria to PMN ratio = 68:1), .05
ml of a 1:10 dilution of bovine anti-S. aureus serum and B.é ml of
‘Earle's balanced salt solution (EBSS, Grand Island Biological CO.,
Grand Island, N.Y). To determine the effect of bactefial fractions on
ingestion by PMNs, @.05 ml of a P. multocida fractionr(s.ﬂ x 108 cells
or equivalent solution) or ¢.85 ml of PBS as a confrol were added to
‘the standard reaction mixture. The reaction was allowed to proceed
fo; 16 min at 37 C and the extracellular §;.§E£EE§ was removed by
lysostaphin (Sigma) treatment, the PMNs washed by centrifugation and
the amount of pMNnassociated radioactivity was determined. The
results were e%pressed as the percentages of [123I)UdR-labeled S.

aureus that was ingested.

(2) « Nitroblue tetrazolium {NBT) reduction. This test was

conducted in 15 x 10¢ mm silicon-coated glass tubes and the standard
reaction mixture contained #.2 ml of NBT solution (2 mg/ml). S.B.x‘lﬂﬁ
PMNs, 0.1 ml of preopsonized zymosan preparation (1¢ mg/ml) and @.6 ml

of EBSS. To determlne the effect of bacterial fractions on NBT

reduction by PMNs, .1 ml of a P. multocida fraction (1.8 x 192 cells

or equivalent solution)'or 9.1 ml of PBS as a control was added to the
standard reaction mixture, After 10 min incubation at 37 C the
reaction was stopped. The purple formazan formed by the reduction of
NBT was extracted with pyridine and the optical density (0.D.) at 580

mm was determined. The results are expressed as 0.D. per 5.8 x-lﬂ6
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PMNs per 10 min in 5.8 ml of pyridine.

{(3) . Iodination. The iodination test was conducted in 12 x 75

nm polystyrgne snap-cap tubes k#2058, Falcon,-Oxnard, CA)}. The
standard reaction mixture contained 2.5 x 196 PMNs, 0;05 uCi of 1251
(Carrier free, Amersham Corp., Arlington Heights, IL), 4@ nmole of
NaI, #.85 ml opsonized zymosan (18 mg/ml) and @.3 ml of EBSS. To
determine the effect of bacterial fractions on iodination by PMNs,
6.05 ml of P. multocida fraction (5.8 x 198 cells or equivalent
solution) or #.05 ml of Pﬁs as control was added to the standard
reaction mixture. The reaction was.allowed to proceed for 20 min at
37 C and the amount of trichloroacetic acid (TCA)-precipitable
radioactivityiwas determined. The results are'expressed as nanomoles

of NaI per 187 PMNs per hour.

Data analysis of PMN function test

To determine the effect of bacterial fractions on each PMN
function, the Qalue obtained when a bacterial fraction was added to
the PMNs was comparéd to the value obtained with control (PBS-treated)
PMNS. An analysis of variance procedure was used to determine
-sighificance of the differences in PMN function. For the graphic
presentation of the data, all treatment values were expressed as a

percentage of the control.
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Chemical analysis of bacterial fractions

Total carbohydrate was determined with a phenol-sulfuric acid
procedure (11) usinglglucose as a standard. Hyaluronic acid was
determined by the reaction of hexuronic acid with carbazole (Sigma)
and sulfuric acid (1¢) using D-glucuronic acid (Sigma) as a standard.
Protein content was determined colorimetrically from the reaction of
protein with Serva blue G dye (Serva Fine Chemicals,lInc., Lohg

Island, ﬁ.Y.) using bovine serum albumin (Sigma)'as a'standatd {21).

Xanthine-xanthine oxidase-horseradish peroxidase mediated iodination

A chemical iodination procedure was formulated following: the
basic principle of PMN iodination (15,22) . Xanthine'{sigma) was used
as a substrate and xanthine oxidase (Sigma) served as the enzyme for
the production of superoxide anion. Horseradish peroxidase (Sigmé)
was used to catalyze the iodination reaction. The standard mixture
contained 4¢ nmoles NaI, #.65 uCi 125I, 6.3 ml of EBSS containing @.1%
bovine serum albumin, ¢.5 mg xanthine, @.5 unit of horseradish
peroxidase and 0.65 ml of SEF or PBS as a control. The reaction was
started by the addition of 9.02 unit of xanthine oxiéase. The mixture
was incubated and processed by the same procedures as“qsed'for PMN
iodinatién. 4 blank containing all componénts except 'xanthine oxidase
was run with each experimenﬁ. Results are expressed in counts per

minute.
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Results

Effect of P. multocida fractions on S. aureus ingestion

To determlne the effect of P. multocida fractions on phagocytlc
activity, PMNs were added to a standard suspension of opsonizedlgi
gérggs in the presence or absence of P. multocida fractions. Control
PMNs ingested 28.6 + 2.3 (mean + SEM) (n = 22) percent of the S.
égrggg in the reaction mixture. In the presence of LCF, KCF and SEF
of the‘two strains of P. multocida, S. aureus ingestion was inhibited
by 42 to gl% (Fig. 2). DCF had no effect °h.§;,EE£EE§ ingestion by
PMNs. To further characterize the inhibitory factor, SEF was treated
with hyaluroniﬁase, autoclaved or filtered'through a 300,000 MW cutoff
filter. Neither autoclaving nor treatment with hyaluronidase
destroyed the inhibitory activity of SEF on S. aureus ingestion by
PMNs (Fig. 3). SEF-R did inhibit S. aureus ingestion by PMNs by.4l to
60% but SEF-F had no effect on the PMN ability‘to ingest S. aureus.
In a separate experiment- to further characterlze SEF-=R of strain P- :
2383, the control PMNsvlngested 36.1 + 1.4 {mean + SEM) (n = 8)
-pereeht of the S, aureus in the reaction mixture. SEF-RH-R inhibited
§£_gérggg”ingestion:by-PMNs ty 59% but SEF—RH—f,had-no effect on'thev
Pﬁﬁs_ability to iggest,gl_ggrggg (Fig. e dgi;ggrggé‘ingestion by '
PMNs?Qaswnot'inhibited by either hyalurenic acfd-Or-hyaluronidase. .To
" determine if the inhibitory substance was‘binding to the S. aureus or
the PMN, the S. EEEEEE ingestion assay was performed using S. gggggg

and PMNS whlch had ‘been separately treated w1th P—2383 SEFARH—R by
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Fig. 2. Effect of type A P. multocida fractions on S. aureus
ingestion by bovine PMNs. Values represent mean (+ SD)
percentages of the control value. Statistically significant
différences from the control value are as indicated. **, p <
@.01. *, .01 < p < 8.65. n = 16 for the saline extract

fraction (SEF) and n = 6 for all other fractions.
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value. Statistically significant differences from the
control value are as indicated. **, p < #.01; n = 6 for all

fractions.
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incubating for 20 min at 37 C in a shaking water bath, then washed 3
" times with PBS. The results in Table 1 indicate that the inhibitory
substance was removed by washing and did not bind to either the 'PMN or

the _S_. aureus, .

Effect of P. multocida fractions on NBT reduction

To study the effect of P. multocida fractions on oxida£ive
metabolism of ?PMNs: the ability of PMNs to ;ed_uce NBT by the
production of SuberOxide anion in the presence or absence of the
bacterial flracti.ons was determined, NBT reduction by control PMNs was
- 8.47 + 0.61 (mean + SEM) (n = 15) O.D. at 580 nm. None of the
fractlons of the two type A strains significantly (p > d. l5) affected

NBT reduction by PMNs (Fig. 4).

Effect of P. multocida fractions on iodination

To étudy the effect of 1_ tﬁultocida fr;et“ions on the
Wemperd’?idase‘ﬁzog—halide antibacterial system of t_he_ PMN the
ability__ of -PMNe to iedinate protein in the presence or absence ?ef_ the
bacterial fractions was determined.  The value for iodination by .
contr_ol PMI;is was 42,3 +.2.2 (mean i SEM) (n = 22) nmoles Nal ber 1'07‘
PMNS per hour. The ability of PMNs to iodinate protein in the
_presence of LCF, KCF and SEF of the two strains was 1nh1b1ted 30 to
36% but DCF had no effect on iodination by PMNs (Fig. 5). When SEF '
was processed for further characterization of the inhibitory factor as

described for the S, aureus ingestion assay, neither autoclaving nor
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Table 1. The effect of preincubation of PMNs and 5. aureus wit@ P-
2383 SEF-RH-R on the ingestion of S. aureus by PMNs. Values
represent the percents of radio-labeled S. aureus ingested

- by PMNs with various treatments

Bacterial fraction added to

Pretreatment (followed reaction mixture
by washing)
None . SEF-RH-R

‘None : 29.8 + 3.32  19.9 + 1.8 .
S. aureus preincubated with
SEF-RH-R 27.1+ 2.1 17.6 + 2.4,
PMNs preincdbated with *
SEF-RH-R 31.8 + 4.4 §_21.2 + 4.8

Both S. aureus and PMNs

preincubated with SEF-RH-R 20.8 + 3.1 23.4 + 2.4

a Mean + standard error (n = 6).
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Fig. 4. Effect of type A P. multocida fractions on NBT reduction by
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bovine PMNs stimulated with opsonized zymosan. Values
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the control value, None of the differences are statistically
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~ significant (p > 0.05).
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Fig. 5. Effect of type A P. multocida fraciﬁions on iodination by
bovine PMNs stimulated with opsonized zymosan. Values
represent mean percentéges (+ standard deviation) of the
control value. Statistically significant differences from
the control values are as indicated. **, p < #.01. *, 6.01
< p < 0.[35. n = 16 for SEF and n = 6 for all other

fractions.
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treatment with hyaluronidase destroyed the inhibitory activity of SEF
on iodination by PMNs (Fig. 6). SEF-R inhibited iodination by PMNs by
35 to 49% and SEF-F did not. In a separate experiment to further
characterize SEF-R of strain P-2383, the value for iodination by
control PMNs was 37.8 + 1.6 (mean + SEM) (n = 8) nmoles NaI per 107
PMNs per hour. SEF-RH-R inhibited iodination by 7¢% and SEF-RH-F had
no effect (Fig. 7). Iodination by PMNs was not inhibited by either

hyaluronic acid or hyalu:onidaée.

Titration of the inhibitory activity of the bacterial fraction

. P-2383 SEF was used to evaluate the concentration effect of the
bacterial fraction on S. aureus ingestion and iodination by PMN;. The
' inhibitory activities were concentration dependent, but neithér was
completely inhibited even at the highest concentration of the

bacterial fraction (Fig. 8).

Chemical analysis

The results of chemical analysis of the bacterial fractions are

shown in Table 2.

Effect of the saline extracted capsule on xanthine-xanthine oxidase-

horseradish peroxidase mediated iodination

To further study the effect of SEF on the iodination reaction a
chemically mediated iodination reaction was used which did not involve

PMNs. Xanthine and xanthine oxidase were used to generate superoxide
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Fig. 6. Characterization of the inhibitory activity of the saline
extract fraction on iodination by bovine PMNS. Values
represent mean percentages (+ SD) (n = 6) of the control
value. Statistically significant differences from the
control value are as indicated, **, p < @.6l. *, 2.0l < p <

GOBS-
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Fig. 7. Characterization of the inhibitory activity of the saline
extract fraction of strain P-2383 on S. aureus ingestion and
iodination by bovine PMNs. Values represent mean percentages
(+ standard deviation) of the control value. Statistically
significant differences from thé control value are as

indicated. **, p < @.01. *, 6.01 < p < 6.05. n = 8 for all

fractions.
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Fig. 8. The effect of various concentrations of P-2383 SEF eh.§;

aureus ingestion and iodination by PMNs (n = 6).
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Chemical analysis of P-2383 bacterial fractions

Fraction Concentration Carbohydrate Hyaluronic acid Protein
(mg dry weight/ml) (mg/ml) (mg/m1} {mg/ml})
SEF 1.06 @.38 g.17 d.67
SEF-R @.94 9.33 0.17 .06
SEF-RH-R 1.40 ¢.35 a.12 “ g.25
SEF-RH-F g.80 g.26 ?.04 2.22
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anion which spontaneously forms hydrogen peroxide. Horseradish
peroxidase was used to catalyze the hydrogen peroxide-halide reaction.
SEF did not inhibit the xanthine-xanthine oxidase-horseradish

peroxidase iodination system (Table 3).

Discussion

Polymorphonuclear leukocytes are important in protecting animals
from microbial infection by their phagocytic activities. According to
Root and Cohen (22), two major microbicidal events occur inside the
PMN when a microorganism is ingested: (1) the generation of highly
tgxigwproducfs of oxygen by the oxidative metabolism and (2) the
enzymatic destruction and digestion of the microorganism by the
lysosomal enzymes present in the intracellular granules which fuse
with the phagocytic vacuoles. However, many pathogenic microorganisms
have developed mechanisms to inhibit phagocytic cell activity to
facilitate their survival in the host (9).

The ingestion of bacteria is thedfirst step in the bactericida¥
activity of the PMN. The results of the S. aureus ingestion assay
indicate that the capsule of type A P, multocida inhibits the ability
of PMNs to ingest particles. When bacterial fractions containing |
whole organisms were used, the inhibition of ingestion of §;.EE£§E§
may have been due to competition between the two bacterial species.

However, when soluble bacterial fractions were used, competition for.
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Table 3. The effect of the saline extracted fraction {SEF) of type A
P. miltocida on xanthine-xanthine oxidase-horseradish

peroxidase mediated iodination

Bacterial fractions Iodination value (cpm)@.
Blank ) (no xanthine oxidase) ' 245 + 18
Control (PBS) 1466 + 129
"SEF of strain P-2383 1453 + 78
SEF of strain P-1062 | 1562 + 89

2 Mean + SEM of eight experiments. The differences from the

_control value .are not statistically si_gnificaﬁt (p > 6.95).
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;ingestiOn should not have been a factor. In addition, the results in
Table 1 indicate that the inhibitory activity was not retained after
washing of pretreated PMNs or bacteria. Apparently,-this substance
has an effect on PMN metabolism which is reversible and is not
mediated through binding to a high affinity receptor. The mechanisn
of aEtion of this material is not known and is the subjectlof further
_investigation.. Maheswaran and Thies (18) reported that removal of the
capsule from type A P. multocida (the same capsular type used in this
exper imentation) with hyaluronidase enabled ?MNS to ingest the
-decapsulated organisms. They speculated that the inhibitory substenee
was hyaluronic acid. The results reported here, however, indicate
that hyaluronic acid‘pet se is not responsible for the‘inhibition of
PMN function. Hyaluronic acid isolated from human umbilical cord did
not supbfeSs PMN function. Thus, the repeating disaccharide (D-

. glucurcnic acid and N-acetyl-D-glucosamine) backbone structure of
hyaluronic acid, which would be common between tne hyaiuronie acide of

human and bacterial origin was not reSpon51ble for the 1nh1b1t10n of

PMN functlon. It is p0351b1e that the PMN 1nhib1tory substance 1s

Zstructurally 11nked to the bacterial hyaluronlc a01d. .The’ treatment“"“'

of the capsular materlal w1th hyaluronldase did not destroy the
inhibitory factor. The hyaluron1dase treatment dld‘destroy_the-mucoid
~Qi300us”nature of the SEF. Even after hyaluronldase treatment there
was still some glucuronic acid {(a component of hyaluronic acid) whlch
did not pass through the 38@,000 MW cutoff membrane. Since hyaluronic

acid of the P. multocida capsule serves as a framework for other
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molecules (3), there may be a variety of chemical components attached
tO‘hyaluéonic'acid which would not be degraded by the hyaluronidase.
These molecules may be large enough to retain associated glucuronic
acid from passing through the 30¢,006 M7 cutoff membrane. The °
hyaluronic acid fragments which did pass through the membrane (SEF-ﬁH—
F) did not inhibit PMN function.

Oxidative metabolism of the PMN is an important aspect of its.
bactericidal activity (22). When a PMN receives the proper stimulus,
an oxidase enzyme on the surface of the plasma membrane or phagosomal
membrane will catalyze the conversion of oxygen to superoxide anion.
Superoxide anion spontaneously dismutates to hydrogen peroxide. NBT
is directly reduced by the superoxide anion to an insoluble purple
formazan (26) . NBT reduction is therefore a measure of superoxide
anion generation by the PMN. Since NBT reduction was not-inhibited by
whole bacteria or .bacterial fractions (Fig. 4); type A P. multocida. - |
apparently does not inhibit the production of supetoxide anion by the
PMN, |

The iodination reaction is a measure of the ability of the PMN -to
convert inorganic iodide to a TCA-precipitable (protein-bound) form
and ocgurs inside £ﬁe phagocytic vacuole via the action of hydrogen
peroxide and myeloperoxidase. This system has been found to exhiﬁit a
markea toxic activity toward bacteria, fungi and viruses (1,24). The
iodination reaction by PMNs is dependent upon the generation of
hydroéen éeroxide, degranulation to release myéloperoxidase, the

ptesence of iodine, the unimpairedﬂability'of'myeIOperoxidase to
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.catalyze the reaction, and the presence of tyrosine to bind iodine.
Hydrogen peroxide is formed spontaneously from superoxidé anion.

Since SEF did not inhibit NBT reduction, supefoxide anion generation
by PMNs is apparently not affected by fhe,inhibitbry factor. Since
the xanthine-xanthine oxidase-horseradish peroxidase mediated
iodination was not inhibited by SEF, the rate of formation of hydrogen
peroxidg from superoxide anion and the rate of hydrogen peroxide
destruction were apparently not affected. In addition, the ability of
the ﬁeroxidase enzyme to catalyze the reactioﬁ was apparently not
impaired. It must be‘kept in mind that horseradish peroxidase and
myelopéroxidase are different enzymes. It isnppssible that the
inhibitory factor could inhibit myeloperoxidase directly without
iphibiting horseradish peroxidase, but-this does not seem likely.

This experimentation demonstrated that phagocytosis and protein
iodination by PMNs were inhibited in the presence of whole P.
multocida orgahisms and bacterial fractions. Since the removal of the
capsule removed the inhibitory capability, the inhibitory activity
apparently resides in the capsule or surface structure of the’
bacterial cell. The inhibit&ry factor is a heat-stable, saline (2.5%,
wt/vol) -extractable capsular material of greater than 300,000
molecular weight. The inhibitory activity can not be attributed to

hyaluronic acid, but it may be structurally associated with it.



3.

5.

" 6.

7.

8.

9.

‘58
Literature Cited

Belding, M. E., and S. J. Klebanoff. 1978. Peroxidase-mediated
virucidal systems. . Science 167:195-196.
Bennett, B. W. 1982, Efficacy of Pasteurella bacterins for

yéarling feedlot cattle. Bovine Practice 3:26-30.

.Carter,nG. R. 1967. Pasteurellosis: Pasteurella multocida and

Pasterurella hemolytica. Pages 321-379 in C. A. Brandly and Ci

Cornelius, eds. Advances in veterinary science. Vol. II.

Academic Press, New York, N.Y.

Carter, G. R., and E. Annau. 1953, Isolation of capsular

polysaccarides from colonial variants for Pasteurella multocida.
Am. J. Vet- Res. 14:475‘478-

Carter, G. R., and 5. W. Rundell. 1975. Identification of type

A strains of P. multocida using Staphylococcal hyaluronidase.
Vet. Rec. 96:343. |

Collier, J. R. 1968. Pasteurellae in bovine.respiratory
disease; J. Am. Vet. Med. Assoc. 152:824—823.

Collins, F. M, 1977. Mechanisms of acquired resistance to

Pasteurella multocida infection: A review. Cornell Vet. 67:183-

138..

Davis, B. D., R. Dulbecco, H. S. Ginsberg,‘and W. B. Wood, Jr.
1973. Microbiology. 2nd ed. Harper and Row, Hagerstown, MD.
1562 pp. |

Densen, P., and G. L. Mandell. 1980. Phagocyte strategy vs.




19.

11.

12.

13.

14.

15.

16.

59

microbial tactics. Rev. Infect. Dis. 2:239-318.
Dische, 2. 1955. New color reactions for determination of

sugars in polysaccharides. Pages 313-358 in D. Glick, ed.

' Methods of biochemical analysis. Vol. II. Interscience

Publishers, New fork, N.Y.

Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebers, and R.
Smith. .1956. Colorimetric method for determination of sugars
and related compound. Anal. Chem. 28:35@-356.

Gaunt, G., R. Moffat, and T. K. S. Mukkef. 1977. Fowl cholera:

Immunization of chickens with potassium thiocyanate (KSCN)

extract pf Pasteurella multocida serotype 3. Avian Dis. 21:543-
548,

Harris, W. F. 1973. Are the licensed bovine bacterins

. effective? Should the formula be changed? J. Am. Vet. Med,

Insel, R., and P. Anderson. 1980¢. Haemophilus influenzae type

b. Pages 482-488 in N. R. Rose and H. Friedman, eds. Manual of

‘Clinical Immunology. 2nd ed. American Society for

Microbiology, Washinéton, D.C.

Klebanoff, S. J., and R. A. Clark, 198¢. TIodination by human
polymorphonuclear 19ukoéytes: A re-evaluation. J. Lab. Clin.
Med. 89:675-686.

Kodama, H., M. Matsumoto, and L. M. Snow. 198l. Immunogenicity

of capsular antigens of Pasteurella multocida in turkeys. Am,




17.

18,

19.

20.

21.

22.

23.

24.

60

Larson, K. A., and K. R. Schell. 1969. Toxicity and
antigenicity of shipping fever vaccines in qalves. J. Am. Vet.
Med. Assoc. 155:495-499.

Maheswaran, S. K., and E. S. Thies. 1979. Influence of

encapsulation on phagocytosis of Pasteurella multocida by bovine

heutrophils. Infect. Immun. 26:76-8l.
Markham, R. J. F., and B. N. Wilkie. 19808. Interaction between

Pasteurella haemolytica and bovine alveolar macrophages:

Cytotoxic effect on macrophages and impaired phagocytosis. Am.

J. vet. Res., 41:18-22.

Mukkur, T. K. S. 1979. Immuncgenicity of a chaotrophically

b

extracted protective antigen(s) of Pasteurella multocida type A

(bovine origin) against experimental Pasteurellosis in mice. J.

Gen. Microbiol. 113:37-43.

Read, 5. M., and D. H. Northcote. 1981l. Minimization of
variation in the response to different proteins of the Coomasie
blue G dye assay for protein. Anal. Biochem. 116:53-64.

Root, K. R., and M. S. Cohen. 198l. The microbicidal
mechanisms of human neutrophils and eosinophils. Rev. infect..
Dis. 3:565-508.

Roth, J, A., and M. L. Kaeberle. 198l. Evaluation of bovine
polymorphonuc;eaf leukocyte functiéné. Vet. Immunol.
Immunopathol. 2:157-174. |

Simmons, S. R., and M. L. Karnovsky. 1973. Ipdination ability

of vérious,ieﬁkocytes and their bactericidal activity. J. Exb.



25.

26.

6l

Med. 138:44-63,

Syuto, B., and M, Matsumoto. 1982. Purification of a

protective antigen from a saline extract of Pasteurella

multocida. Infect. Immun. 37:1218-1226.

Yost, F. J., and I. Fridovich. 1974. Superoxide radicals and

phagocytosis. Arch. Biochem. Biophys: 161:395-401.



62
SECTION Ii.

. IMMUNOGENICITY OF POTASSIUM THIOCYANATE EXTRACT

OF TYPE A PASTEURELLA MULTOCIDA

Summary

Immunogenicity and cross-protectivity of potassium thiocyanate

(KSCN) extracts from type A Pasteurella multocida (P. multocida)

strains were evaluatéd in mice. Mice immunized with KSCN extracts
from several gﬁ_multdcida strains showed signs of depression for
seﬁeral hours after immunization but protected against challenge with
the virulent homologous bacterium. Some of the mice died and many of
the surviviné-mice were clinically i1l up to 72 h after challeﬁge
exposure, but gradually recovered.  However, there wés-no consistent
reciprocgl protection between different strains of a serotype
indicating no correlation between serotype and cross-protection of
mice, Antigenic analysis of KSCN extracts of type Alg;_multOEida by
crossedrimmunoelecgrophoresis techniques revealed at least 257
different antigenic components. When the antigenic_contents of P-2383
and P-1062 KSCN extracts were compared, most antigenic components were

common to both. Two antigenic componentS»appéé;ed.to contain a
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strain-specific antigenic determinant which could be identified only
with the homologous system. One component present in each of the
extracts gave a precipitation line similar to that associated with a
crude lipopolysaccharide extracted from the organism. This component
was isolated by sucrose density gradient centrifugation. The
cpmponen£ isolated from P-2383 KSCN extract sedimented rapidly
iédiéating a high molecular weight material which contained 12%
carbohydrate agd 27% protein. Immunization of mice with this

' .component demonstrated resistance to challenge with the homologous
strain and some degree of protection against*certaih-heterolqgous

strains.

Introduction

Capsular type A strains of Pasteurella multocida are knowﬁ‘to be
a major etiologic factor in important animal diseases such as éowl
cholera in chickens and turkeys, and‘pneumonic_pasteurElloSis in
cattle (11, 14). |

The importaﬁce of the organism has led to the development and use
of varioﬁs bacterial preparations, either commercial or experimental,
for immuﬁigation. Such bacterial preparations include killed
bacterins (5, 6, 18, 18, 2@, 24, 29), live attenuated or mutated
vaccinal strains (7, 12, 13, 23, 25, 39) and isolated cellular

fractions (2, 3, 4, 9, 16, 17, 22, 26, 27, 28, 31, 32, 33, 34, 35, 36,
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37) . Experimental findings indicated that animals immunized with many
of these preparations were protected against‘challenge infection with
the virulent homologous strain, and in some cases with strains of
different serotypes. However, identification of the protective

factor (s) resident in the vafious preparations was not determined and
limited experimentation has been conducted on the immunogenic
relationship between different strains of the same serotype. Due to
thg lack of scientific evidence on the nature of protection against P.
multocida infection, the efficacy and safety of these preparations
still remains in question.

Recently, potassium thiocyanate (KSCN) extracts of type A P. .
multocida have been reported to demoﬁstrate immﬁnogenicity“in
experimental animals hot only against the homologous étrain (;, 27,
28) , but also against strains of different serotypes (17) and_even
against é different species, P. hemolytica (26). The objectives of
this expérimentation were to evaluate the immunogenicity and cross-
reactivity of KSCN extracts from several different type A P. multocida
strains in miée, and to identify the protective component(s) of the’

extracts on the basis of antigenic analysis.
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Materials and Methods

Organisms

Six strains of P. multocida were used in this study: P-1662, P-
2383, P-92481, P-p3894, P-8103889 and P-81331¢. Strain P-1062, a
capsular .type A_and somatic type 3, is a standard challenge strain of
bovine origin (IRP-198, National Veterinary Services Laboratory, U.S.
bepartment of Agriculture, Ames, IA). The other five strains were
isolated from cases of bovine pneumonia preSented to the Veterinary
. Diagnostic Laboratory, Towa State University, Ames, IA. With one
exception, these isolates were related on the basis of serotypipg as
summarized in Table 1, Each strain was inoculated into the yolk sac
of 6-day old embryonated chicken eggsl Folibwing incubation gt 37 cC
for 18 h, the yolk material was aseptically removed and frozen in
aliquots at -7¢ C. For the preparation of bacterial fractions, the
infected yolk material was thawed, inoculated on a 5% bovine plood
agar plate and incubated at 37 C for 24 h. One colony was transﬁgrred
to 5 ml of brain héart infusion broth (BHI, Difco Laboratoriés,
Detroit, MI) with 0.5% yeast extract (Difco) and 5% sterile bovine
serum (BHISY), and incubated at 37 C for 4 h, ‘This cuiture,was then
added to 95 ml of BHISY and incubated an additional 4 h. When the
bacterium were growh in large volumes (5 litgrs) of liquid medium, 10¢
ml of BHISY culture were added to the medium and incubated an -
additional 18 h with a 5% CO, geration. When organisms were

cultivated on solid media, Roux bottlés containing dextrose starch
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agar (Difco) were inoculated with 2 ml of the BHISY culture and

incubated at 37 C for.36 h.

Batterial fractions

Bacterial fractions of P. multocida were prepared by several
procedures including KSCN extract, whole cel;,(ribosomal,protein and
lipopolysacchafide. |

KSCN extracts froﬁ all 6 strains were prepared by the method of
" Mukkur (27) with slight modifications. Briefly, P. multocida
organisms grown at 37 C for 36 h in Roux bottles were harvested by
suspending the bacteria in 8.5 M KSCN (Fisher Scientic, Fairlawn, NJ)
containing #.¢8 M NaCl. The bacterial suspension was incubated in a
shaking water bath at 37 é for 5 h and centrifuged at 17,3ﬂd x g for
3¢ min.’ The supernatant fluidrwas filtered through a 2.9 um membrane
filter (Gelman Instrument Co., Ann Arbor, MI). The filtrate was
dialyzed against $.32 M NaCl/0.01 M tris-HC1 buffer (Sigma Chemical
Co., St. Louis, MO) at 4 C for 5 days with the buffer changed twice a
day. To reduce the viscosity of ‘the preparation, bﬁvine testiéular
hyaluronidase (Sigma, 1 mg of hyaluronidase per 16 mg d¥§ weight of
KSCN extract) was added and the mixture was incubateg in a water bath
at 37 C for 3 h.

whole cell fraction was prepared from two strains (P-2383 and P-
106214 Each strain was grown in BHISY at 37 C for 18 h and harvested
by centfifugation at 8,060 x g for 3¢ min. Cells wefe washed with

sterile phosphate-buffered saline (PBS) solution, pH. 7.4, and
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Table 1. Serotypes of several bovine isolates of P. multocida

Serotype
Strain | Somatic : Capsular
P-1062 3:A
.P—2383 | 3:A
P—8133lﬁl ' 3:A
P-8103889 | 3; 4 : A
P-92481 .3, 4 : Untypable

P-33894 12 : Untypable
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resuspended in 0.01 M Tris-HC1l (Sigma) buffer containing 5 x 1p-3
prlz. Cells were disrupted in a Ribi cell fractionator (Ivan -
Sorvall, Inc,, Newton, CT) and this preparation was used as the whole:
cell fraction (WC).

Ribosomal protein fraction was preparéd from two strains (P-1062
and P-2383) by the method of Baba (2). Briefly, cellular debris wére
removed from the WC fraction by centrifugation at 27,000 x g for 1 h
at 5 C. The supernatant'fluid was centrifuged again at 65,000 k g for
1 hat 5C. The pellet was discarded and the supernatant was passed
through a @.45 um membrane filter (Falcon Plastics, Los Anéeles, CA).
The filtrate was centrifuged at 108,000 x g for 3 h at 5 C, and the
superﬁatant was termed the ribosomal protein fraction (RP).

Phencl-extracted endotoxin was prepared froﬁ two strains (P—2383
and P-1062) by a modification of the method. of Westphal and Jann (38).
Cells were grown in BHISY at 37 C for 18 h and harvested by
centrifugation at 8,808 x g for 3¢ min. The cells were washed 3 times
in sterile PBS and resuspended in sterile distilled water. The ceils,
were mixed for 8 min in a Waring blender with 2 volumes of phenol at
25 C and centrifuged at 4,000 x g for 2¢ min. The aqueous phase was
Jremoved and the remainder re-extracted with a volume of distilled
water equal to the volume of the original cell suspension. The

| aqueous phases were combined and dialyzed exhaustively against

distilled water at 5 C.
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Determination of lethal dose

Before the challenge experiments, the lethal dose (LDSQ) of P.

multocida strains for mice was determined. Bacterial suspénsions were

adjusted spectrophotometrically and appropriately di;uted (10 to lﬁ4

bacteria per @#.1 ml, as determined by direct plate counting). The
of P-1862, P-2383 and P-81¢3889 for mice was less than 1@

D5y

bacteria while the LDSB of P-81331¢ and P-92481 was less than 160

bacteria. However, the latter two strains did not:kill all the mice
at a dose of 16% bacteria. Strain P-g3894 was not pathogenic for

mice.

Mouse immunization and challenge

White Swiss mice (Sasco Inc., Cmaha, NE) of oné sex were utilized
for immunization and challenge experimentation. At the time of
immunization, the mice weighed 12 to 15 grams. All mice were
immunized subéutaneously with 6.1 mg (protein concentration) of’
antigen and challenged intraperiténeally 3 weeks later with 0.1 ml of |
bacterial suspension. Mice were observed for oné week after cha;lehge

and deaths recorded.

_Production‘gg antisera

Bacterial fractions (WC,‘RP and KSCN extract) of strains P-1062
and P-2383 were used for immunization of rabbits. Twenty-two New
Zealand white female rabbits were randomly divided into two groups of

11 rabbits. Each group was further divided into three subgroups; 3,
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5, and 3 rabbits for immunization with WC.and RP fractions and KSCN
extracts of the two strains respectively. Each bacterial fraction (5
mg of protein content per ml) was mixed with an equal volume of
Freund's complete adjuvant for primary immunization, or with an equal
yolgme of Freund's incomplete adjuvant for the subsequent
administrations. Rabbits were immunized with one ml of the primary
immunogen preparation subcutaneously in 6 different sites on the back.
Animals received oné ml of the booster immunogen preparation at
monthly intervals. Sera were collected after the third Eooster

injection, divided in aliquots and stored at -78 C.

Immunoelectrophoresis

Crossed immﬁnoelectrophoresis (CIE), CIE Gith iﬁtermediate gel,
tandom CIE and fused rocket immunoelectrophoresis were performed in an
LKB multiphor system (ILKB-Produkter AB, Bromma, Sweden) according to
published procedures (1). Briefly, agarose prepared from commercial
tablets (Bio-Rad Laboratories, Richmond, Ch., 1%: 1 tablet per 5 ml of
water) dissolved by heating in deionized water was used in both first
and second dimensional electrophoresis. CIE in the first dimension
was performed on a 1¢ cm x 10 cm glass plate. The plate was covered
with 2 mm thick agarose gel. After gelling anﬁ cooling at room
temperature; 4 antigen wells were punched out 2 cm apart in a liqe 3.5
cm from the cathodal end. For tandom CIE, a second well was punched
out about 5 mm to the right and 5 mm below the first well. Antigens

were applied to each well and electrophoresis was performed at 18 C
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for 1.5 h at 200 volts in a water cooled elecErophoresis chamber
filled with tricine buffer (Bio-Rad, pH. 8.6). CIE and tandom CIE in
the second diménsion were performed on a 12.5 cm x 26 cm plastic plate
(LKB): The actual space to be covered with agarose gel was limited to
1 cm x 24 cm by the use of brass bars. Agarose gel containing
antiserum was prepared just before the end of the first dimensional
eletrophoresis. Four agarose tablets were dissolved in 18 ml of
deionized distilled water by heating. The agarose gel was cooled to
48 C in a water bath whilé 2 ml of antiserum was warmed to the same
temperature. Antiserum was added to the agarose gel and the mixture
was used immediately. After first dimensional electrophoreisis, four
agarose strips (6 cm x 1.5 cm) contgining antigen were cut agd
transferred to a plastic plate side by side so that a 1.5 cm x 24 cm
agarose' strip was made in a line 3.5 cm from the cathodal end. Tﬁe
remaining space on the plate was thgn covered with 2 mm thick agarose
containing antisera at the anodal end and with plain agarose at the.
cathodal end. For CIE with intermediate gel, the antibody containing
gel was divided into two parts. An intermediate gel containing one
antiserum coveFed a width of 1 cm toward the anodal end and next to
-the antigen-containing agarose strip. The remaining space toward the
anodal end was covered with agarose gel containing another antiserum.
ElectrOpﬁoresis in the second dimension was performed for 20 h at 60
volts. For fused rocket immunoelectréphorésis, & 18 cm x 10 cm glass
plate was separated into two portions by use of a brass bar placed 5

cm from the cathodal end. The cathodal portion was cast with plain
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agarose. After gelling, antigen wells were punched out evenly about 5
mm dpart at alternate positions in two parallel lines across the
plate. Antigen preparations (18 ul) were added to the wells and the
plate were incubated for 1 h at room temperature in a humidified
chamber, After incubation, the gel was trimmed 50 thét the anodal end
of the gel was about #.5 cm from the wells. The reﬁéinder of the
plate was covered with agarose gel containing antiserum and
electrophoresis was performed for 28 h at 68 volts. After completion
of the electrophoresis, the plate was washed in a PBS solution
containing EDTA (Sigma) for 2 days, dried in an oven at 58 C, stained
with 6.2% amido black 1¢B (Corning Medical and Scientific, Palo Alto,
Ca) for 5 min, washed with 5% acetic acid solution and dried in an

oven.

Sucrose density gradient centrifugation

Thirteen ml of a sucrose gradient consisting of 5 to 40%. (wt/vol)
sucrose in PBS solution was prepared in a 20 ml cellulose nitrate tube
{Beckman Instruments Inc., Palc Alto, CA). Fi&e ml of KSCN extract
treated with hyaluronidase were applied on top of the gradient and
centrifuged at 87,000 x g for 18 h. After centrifugation, fractions
were collected from the top to the bottom of the tube. The first
fraction was collected in a volume of 5 ml and the remainder was
collecfed in a series of 1 ml volumes. Each fraction was analyzed by
fused rocket immunoelectrophoresis, dialyzed against tris-EC1 buffer

and stored at -2¢ C.
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Chemical analysis

Bacterial fractions were assayed for basic chemical contents.
Total éarbohydrate was determined by the phenol-sulfuric acid
p;ocedure (15), using glucose (Sigma) as a standard. Protein content
was detérﬁined colorimentrically from the reaction of p;otein with
Serva blue G d&e (Serva Fine Chemicals, Inc., Long Island, N. Y.),

- using bovine serum albumin (Sigma) as a standard (3¢). 2-keto-3-
deoxyoctonate (KDO) content, a component of lipopolysaccharide-—
containg materials of Gram-negative bacteria, was determinea
colorimetrically froﬁ the reaction of KDO with sulfuric acid, periodic
acid, sodium arsenite and thiobarbituric acid, using a commercial KDO

preparation (Sigma) as a standard (21). :

Results

Immunogenicity and cross-protectivity of KSCN extracts

To evaluate the immunogenic potential of KSCN extracts of P.
multocida, mice were immunized with KSCN extracts of one non-virulent
and five virulént P. multocida strains and challenged‘with‘the_
virulent strains. Mice immunized with the KSCN extract from.viruient
strains showed signs of depression for several hours aftef
immuniiation but protected against challenge with the homolégous
strain (Table 2). Control mice as well as some immunized mice died

during the period between 12 and 72 h after challenge exposure. Also,
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Table 2. Immunogenicity in mice of KSCN extracts from several

strains of P. multocida

Challenge ‘ (No. of survival/No. tested)
exposure P-2383 P-1d62 P-8103889 P-81331@ P-92481

c.f.u. - 164 13¢ 230 12¢ 159

Immunization with

KSCN Extract of

P-2383 9/10 9/10 0/10 4/1¢ 10/10
P-1062 1/1g@ 9/14 0/10 1/16¢ 10/10
P-81%3889 2/19 7/10 7/10 5/1@ 1e/11
P-813314 1/9 2/18 8/10 9/160 19/18
P-92481 8/1p 4/10 9/10 2/10 10710
P-03804 e/ 1/18 8/10 8/10 8/10

Control 8/9 8/9 a/9 3/19 © 5/1@
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many of the surviving mice were clinically ill up to 72 h after the
challenge exposure, but gradually recovered. There was no consistent
reciprocal protection between different strains of a serotype
indicating no correlation between serotype and cross-protection of

' mice. For example, mice immunized with the KSCN extract of P-2383
were protected'against the heterologous challenge exposure to P-1062
and P-92481. However; mice immunized with the KSCN extracts of P-1862

_and P-92481 were not protected against the challenge with P-2383.

Selection of rabbit antisera and antigenic analysis of the KSCN

" extract :

To analyze the aﬁtigenic content of KSCN extracts, rabbit anti-P.
multoc%da sera were prepared. In general, rabbits immunized with RP
. fraction produced better antisera for use in CIE than those immunized
with WC fraction or KSCN éxtract (Fig. 1A, 1B, 1C). Since antisera
Iwere variable in quality, those sera which showed the most abundant
. and clearest precipitation lines on the CIE plates weie selectéd.
Although the antigenic content of the KSCN extracts was analyzed by
immunbe}ectrophoretic procedure utilizing'differént qoﬁbinations of
'anfigens and antisera, two antiserum pools (one for 2383 and one for
- 1062) were prepared by mixing equal volumes of selected homologous.

. antisera. To~c6mpare antigenic similarities and differences between
KSCN extracts of.P-2383 and P-1062, antigenic content of the KSCN )
extracts were analyzed by CIE, CIE with intermediate gel and.tamiuw-

CIE using homologous and heterologous antisera. Because the
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Fig. 1. Crossed immunoelectrophoresis of P-2383 KSCN extact with
selected rabbit P-2383 antisera. A: KSCN antiserum. B: RP

antiserum. C: WC antiserum.
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concentration of antigen and antibody utilized for
immunoelectrophoresis influenced resu}ts, the procedure was
standardized to 5 ul of antigen and a 1:10 concentration of the
antisera. Optimal condition as indicated by the greatest number of
precipitation lines in CIE was determined by varying the antigen
concentration. Cross-reacting components were determined and numbered
by the principles of electrophoresis (1) such as distance moved in
CIE, line of identity in tandom-CIE, and presence or absence in CIE
with intermediate gel. This approach demonstrated that at least 25
different antigenic components could be demonstrated in P-2383 KSCﬁ'
extract with homologous antiserum (Fig. 2A), 23 coﬁponenté from P-2383
KSCN extract reacted with 1062 antiserum (Fig. 2B), 24 components from
PflGGZ KSCN exfract with 1862 antiserum (Fig. 2C) and 21 components
from P-1062 KSCN extract with 2383 antiserum (Fig. 2D). Most
antigenic components were found to be common to both extracts. Some
components, 8, 1¢ and 2@, were not identified with the pooled
antiserum pools as illustrated; these components were clearly
identified with the selected individual antiserum. Two components, 11
and 12, appeared at the same positions in CIE in similar patterns in
both extracts when homologous antisera were used, but were not
detected with heterologous antisera. This indicatea that these
components of the two strains may be similar in their chemical
structure but have a strain—speéific antigenic determinant. It has.
been suggested that lipopolysaccharide-containing antigens would be

effective immunogens against P. multocida infection (4, 16, 31, 32) as
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Crossed immunoelectrophoresis of the KSCN extracts of strain
P-2383 and P-1062. A: P-2383 KSCN extract with 2383
antiserum pool. B: P-2383 KSCN extract with 1062 antiserum
pool. C: P-1062 KSCN extract with 2383 antiserum pool. D:

P-1062 KSCN extract with 1062 antiserum pool.
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well as for serotyping organisms (8). P. multocida lipopolysaccharide
was prepared and examined by CIE to verify the existance of a
corresponding precipitation line(s) in the KSCN extracts. Component
l; present in both KSCN extracts, was appeared to be the corresponding
precipitation line with the lipopolysacharide.‘ This component was

purified for further charaterization.

Isolation of component 1 by the sucrose density gradient

centrifugation

To purify component 1, the KSCN extract was‘centrifuged in a
sucrose density gradient. Fused-rocket immunoelectrophoretic analysis
of fractions collected following centrifugation revealed a
distribution of components from top té bottom of the gradient (Fig.
37). Most of the antigenic components of the P-2383 KSCN extract
remained in the region of low sucrose concentration (less thaP_2G%).
A single component was observed in the bottom half of the gradient as
indicated by CIE of pooled fractions 12 to 16 (Fig. 3B). The CIE
analysis of this component was found to be component 1 of P-2383 KSCN
extract (Fig. 1A). The bottom region of P-1062 KSCN extract in
sucrose density gradient contained primarily one component with minor
contamination (Fig. 3C). The isclated component of each KSCN éxtract

will be referred to as P-2383-1 and P-1#62-1, respectively.’
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Immunoelectrophoresis of fractions by sucrose density

gradient centrifugation. A: Fused-rocket
immunoelectrophopresis of fractions of P-2383 KSCN extract
and agarose gel contained 2383 antiserum pool. B: CIE of
component 1 of P-2383 KSCN extract and agarose gel contained
2383 antiseum pool. C: CIE of component 1 of P-1062 KSCN

xtract and agarose gel contained 1062 antiserum pool.



81

Table 3. Immunogenicify of isolated components from the KSCN

extracts in mice

Challenge | (No. survival/ No. tested)

P-2383 P-1062 P-81@3889
Exper iment 1 2 3 1 2 3 3
c.f.u. (x 100) 11 13 l.6 10 11 1.3 2.3

Immunization with

P-2383-1 5/5 1¢/18 18/1¢  5/5 8/1¢6 18/18  4/19
P-1062-1 1/5  2/5 - 2/5 2/5 - -

Control 8/5 0/7 2/1¢ a/5 8/6 8/1G g/10
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Immunogenicity of the isolated components

The immunogenicity of the isolated components in mice was
examined in threeAseparate experiments. Immunization. of mice with P-
2383-1 protected all of the mice against a homologous challenge with
P-2383 that killed 100% of the control mice (Table 3). The mice
immunized with P-2383-1 showed no clinical signs of sickness after
immunization or challenge while the mice immunized with the KSCN
extract did. Immunization of mice with component 1 also protected
mice against heterologous challehge with P-1062 (92%) and to some
extent against P-81¢3889 (40%). Immunization of mice with P-1862-1
protecteé only 40% of the mice against a homologous challenge and only

30% of the mice against a heterologous challenge with P-2383.

Chemical analysis of the isolated component

P-2383-1 contained approximately 12% (wt/wt) cafbohydrate and 27%
(wt/wt) protein while P-1862-1 contained 14% and 12% respectively.
KDO was not detected in the two isolated components at the level of 5

mg dry weight per ml of the starting material.
Discussion
KSCN extracts of P. multocida have previously been reported to be

effecpive immunogens against Pasteurella infection induced by

~ homologous and heterologous strains (3, 17, 26, 27, 28). 1In
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confirmation of previous findings, the results of mouse protection
tests indicated that KSCN extracts were immunogenic. However, the
results also indicated that KSCN extracts did not induce substantial
cross—proteétion even between different strains of the same serotype.
While there may be some correlation within a serotype of P. multocida
such as antigenic structure, host susceptibility and strain virulence
(14), it does not necessarily mean that the serotyping antigens,
capsular or somatic, are the same as the protective antigen(s}. As
indicated by the antigenic comparison of the two KSCN extracts by CIE
techniques, most of the antigenic components were common to both
extracts. The lack of cross-protection between different strains of a
serotype is probably due to; (1) absence of an important common
protective antigenic component(s), or (2) variation in sohe 6f the
antigeni¢ determinants associated with the protective antigenic
component(s). Obviously, although the strains shared many common
antigenic components, only one or a few of these are assoqiated'with
protection in mice against the disease. Therefore, identification of
the protective factor(s) resident in various preparations by antigenic
analysis and chemical charater&zation would pérmit development of
immunogens capable of protection against a variety of strains.
As indicated by clinical observation of mice following
immunization and challenge exposure, the isolated componént app;ared
to be a better immunogen than the crude extract. This may be a dose

effect since the quantity of component 1 could not be related to the

crude extract. This finding could also be an effectlof purity of
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immunizing preparation. In general, an immunogen containing a small
number of antigenic components will induce a better immunogenic
response than a highly complex antigenic mixture. This happening can
be the result of antigenic competition or the presence of
immunosuppressive factor(s) in the complex antigénic mixture. All of
the antigenic components can produce antibodies in animals, however,
only a few of them“ﬁay inauce protection against the microbial
infection. It is‘possible that some of the antigenic components may
have a detrimental effect on immunclogic function rather than a
protective effect. Evidence found at section I of this thesis
indicated that a surface material of P. multocida inhibited
antibactgricidal fuctions of bovine neutrophil.

P-2383-1 demonstrated immunogenicity as indicated by complete or
partial resis£ance of mice to challenge with various strains, Failure
of complete protection against heterologous strains would indicate
some variation in the protective antigen of this microorganism. This
finding might also be explained by the marked virulence of these
strains for mice. However, this variation was not evident from the
challenge experiment in which the LD of the ofganisms was
determined. Chemical analysis of the two components demonstrated that
P-2383-1 contained more protein than P-1662-1 and may be the reason P-
2383-1 is a better immunogen than P-1¢62-1. This may reflect loss or
alteration of crucial antigenic determinants of P-1062. This organism
has been maintained on artificial medium in the laboratory for a long

period of time and antigenic alteration would be expected.
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The chemical nature of P-2383-1 was similar to the immunogenic
complex described by .Ganfield et al. (16). Their material was
purified from a saline extract and was a high-molecular weight
protein-polysaccharide complex contained 25 to 27% protein and 10.7%
carbohydrate., Thus, the chemical composition was nearly identical to
the extract prepared for this experimentation. Further coﬁparison is
_ difficult since Ganfield et al. were able to determine the presence of
lipid but they did not determine presence or absence of KDO. KDO.was.
not detected'ip P-2383-1 which might indicate that the fraction does
not contain lipopolysaccharide. However, although KDO is & well-known
component of lipopolysaccharide of Gram-negative organisms (21), it is
not universally presént in all lipopolysaccharide preparations. ihe
cbservation that P-2383-1 is chemically similar to Ganfield's
preparation and both.are immunogenic would indicate that they are
probably similar material even though they were isolated by different
methods from different strains of P. multocida.

| This experimentation demonstrated that KSCN exfracts of P.
multocida were immunogenic but had no consistent reciprocal protection
between different strains of a serotype. The lack of cross-protection
indicated that the Variéus strains differed qualitatively or .
quantitatively in protective antigenic determinants. Evidence from
CIE studies of P-2383 and P-1062 KSCN extracts would indicéte that
there are qualitative difference in component 1 that contribute to
lack of cross-protection. More studies aré needed to further

characterize the protective antigenic component as well as the.
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protective antigenic determinant to verify the relationship between

differen£ strains of P. multocida.
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GENERAL SUMMARY

The objective of this research project was to characterize the

biological activities of fractions of type A Pasteurella multocida (P.

multocida) . By the use of a strain commonly utilized for production
of bacterins (P-1062) and several clinical isolates (especially P-
i2383), the bacterial fractions were prepared. Examination of surface
materials of type A P. multocida exhibited both inhibitory and
protective properties. '

Phagocytosis (ingestion of bacteria) and protein iodination
(halogenation of ingested bacteria) by bovine polymorphonuclear
leukocytes (PMNs) were inhibited in the presence of live cells, heat-
killed whole cells, or saline-extracted capsule but not in the
presence pf the decapsulated heat-killed cells. None of bacterial
fractions inhibited nitroblue tetrazolium reduction (oxidative
metabolism) by the PMNs. PMN inhibitory factor was characterized as a
heat-stable capsular material of greater than 39,006 molecular
weight.

Potassium thiocyanate (KSCN) extracts of several P. multocida
strains exhibited‘immunogenicity in.mice against challenge with the
virulent homologous bacterium. Howevef, mice immunized with KSCN
extracts were not completly protected against heterologous virulent
strains of the same or similar serotypes indicating_ﬁé correlation

between serotypes and cross-protection of mice. AaAntigenic analysis of

the KSCN extracts by crossed immunoelectrophoresis techniques revealed
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at least 25 different antigenic components. A lipopolysaccharide-like
component of the KSCN extracts was isolated by sucrose density
gradient centrifugation. The component isolated from P-2383 extract
sedimented rapidly indicatihg a high molecular‘weight material which
contained 12% carbohydrate and 27% protein. Immunization of mice with
this component demonstrated resistance to challenge with the
homologous strain and some degree of protection against certain

heterologous strains.



2.

6.

94

LITERATURE CITED

Abinanti, F. R. 1968. Future requirements for prevention and
control of hovine respiratory diseases in the United States. J.
Am. Vet. Med. Assoc. 52:934-937.

Adams, O. R., W. W. Brown, T. L. Chow, J. R, Collier, R. W.
Davis, L. A. Griner, R. Jensen, R. E. Pierson, and L. K. Wayt.
1959. Comparison of infectious bovine rhinotracheitis, shipping
fever, and calf diphtheria of cattle, J. Am. Vet. Med. Assoc.
134:85-89.

Axelsen, N. H., J. Kroll, and B. Weeke. 1975. A manmual of
quantitative immunoelectrophoresis. Methods and applications.
Universitetsforlaget, Oslo. 169 pp.

Baba, T. 1977. Immunogenic activity of a ribosomal fraction

obtained from Pasteurella multocida. Infect. Immun. 15:1-6.

Bain, R. V., S. 1955, Apreliminary examination of the antigens

of Pasteurella multocida Type I. Br. Vet. J. 111:492-498.

Bain, R. V. 8., and K. W. Knox. 196l1. The antigens of

Pasteurella multocida Type I. II. Lipopolysaccharides.

Immunology 4:122-129,
Baxi, K. K., H. Blobel, and W. Scharmann. 1976. Untersuchugen

uber die antigenstuktur von Pasteurella multocida. Zentralbl.

Veterinaermed. 17:441-452.

Belding, M. E., and S. J. Klebanoff. 197¢. Peroxidase-mediated

viricidal systems. Science 167:195-196.



la.

11.

12.

13.

14.

15,

16.

95

Bennett,.B. W. 1982. Efficacy of Pasteurella bacterins for
yeérling feedlot cattle. Bovine Practice 3:26-30.

Bhésin, J. L. 1976. TImmunochemical and immunobiological
studies on soluble and particulate antigenc of avian Pasteurella
multocida. Diss. Abstr. Int. B, 31:2782.

Bhasin, J. L., and E. L. Biberstein. 1968. FdWl cholera”in
turkeys: The efficacy of adjuvant bacterins. Avian Dis. 12:159-
168.

Bhasin, J. L., and L. LaPointe-Shaw. 1988. Antigenic analysis

of Pasteurella multocida (serotype 1) by crossed
immunoelectrophoresis: Characterization of cytoplasmic and cell

envelpoe associated antigens., Can. J. Microbiol. 26:676-689.

,Bhasin, J. L., and L. LaPointe-Shaw. 198%@. Anfigenic analysis

of Pasteurella multocida (serotype 1) by cFosséd
immuncelectrophoresis: Charaterization of whole cell associated
antigens. Can. J. Microbiol.726:1392—1492.

Bieier, B. W., and W. T. Derieux. 1972. Immunologic response

of turkeys to an avirulent Pasteurella multocida vaccine in the

_drinking water. Poult. Sci. 51:408-416.

Blackburn, B. O., K. L. Heddleston, and C. J. Pfow. 1975,

Pasteurella multocida serotyping results (1971-1973). . Avian

Brquen, K. A. 1977. Studies on Pasteurella multocidaé

-Comparison of typing systems and de#cription of certain .

ultrastructual features. M.S. Thesis., Iowa State University,



17.

i8.

lg.

20.

21.

22'.

23.

24,

25.

96

Ames, IA.
Brogden, K. A., and P. A. Rebers. 1978. Serblogic examination

of the Westphal-type lipopolysaccharides of Pasteurella

multocida. Am. J. Vet. Res. 39:1688~1682.

Brogden, K. A., and R. B. Rimler. 1982. Lysates of turkey-

grown Pasteurella multocida: Partial solubilization of tﬁe

cross-protection factor(s). Am. J. Vet. Res. 43:1781-1785.

Bruner, D. W., and. J. H. Gillespie. - 1973. Hagan's infectious

* diseases of domestic animals. 6th ed. The Cornell University

Press, Ithaca, N.Y. 1385 pp.

Carter, G. R. 1958, Studies on Pasteurella multocida chicken

embryo vaccines: 1. Comparative immunizing value of both
bacterins and éhicken embryo vaccines in mice. Am. J. Vet. Res.
11:252-255.

Carter, G. R. 1952. The type specific capsular antigen of

Pasteurella multocida. Can. J. Med. Sci. 30:48-53.

Carter, G. R. 1855. Studies on Pasteurella multocida. I. A

hemagglutination test for the identification of serological
types. Am. J. Vet, Res. 16:481-484.

Carter, G. R. 1959. Studies on Pasteurella multocida IV.

Serologic types from spécies other than cattle and swine. Am.
J. Vet. Res. 74:173-175

Carter, G. R. 1961. New serological type of Pasteurella

multocida from central Africa. vVet. Rec, 73:10652.

Carter, G. R. 1967. Pasteurellosis: Pasteurella multocida and



97

Pasteurella hemolytica. Pages 321-379 in C. A. Brandly and

Charles Cornelius, eds. Advances in veterinaty science. Vol.
II. Academic Press, New York, N.Y.
26. Carter, G. R., and E, Annau. .1953. Isolation of capsular

polysaccharides from colonial varients of Pasteurella multocida.

Am. J. Vet. Res. 14:475-478
27. Carter G. R.,and J. L. Byrne. 1953. A serological study of the
7 hemorrhégic sebticemia Pasteurella. Cornell Vet. 43:223-230.
28. Carter, G. R., and S. W. Rundell. 1975. Identification of type
A strains of P. multocida using staphylococcal hyaluronidése.
Vet. Rec. 96:343.
29. Carter, G. R., and P. Suboronto. 1973. Identificationlof type

D strains of Pasteurella multocida with acriflavine. Am. J.

Vet. Res. 34:293-294.
3¢. Chengappa, M. M., and G. R. Carter. 1979. Improved method for
obtaining streptomycin-dependent mutants from Pasteurella

multocida and Pasteurella hemolytica, using N—hethyl—N—nitro—N—

nitrosoguanine. Am. J. Vet. Res. 40:449-450.
31. Chengappa, M. M., R. C. Myers, and G. R. Carter. 198¢. A

streptomycin dependent live Pasteurella multocida vaccine for

the prevention of rabbit pasteurellosis. Lab. Anim. Sci.
3@:515-518.

32. Collier, J. R. 1968. Pasteurellae in bovine respiratory
disease. J.‘Am. Vet. Med. Assoc. 152:824-828.

33. Collier, J. R., W. W, Brown, and T. L. Chow. 1962.




34.

35.

36.

37.

38.

39-

40.

41.

98

Microbiological investigations of natural epizootics of shipping
fever of cattle. J. Am. Vet. Med. Assoc. 140:807-814.

Collins, F. M. 1977. Mechanisms of acquired resistance to

Pasteurella multocida infection: A review. Cornell Vet. 67:183-
138. .

Corneiius,‘J. T.. 1929, An investigaton of the serological
relationships of twenty-six strains of Pasteurelae. J. Pathol.
Bacteriol. 32:355-364. |

Crutéhley, M. J., D. G. Marsh, and J. Cameron. . 1967. Freée
endotoxin. Nature 214:1052.

Davis, B. D., R, Dulbecco, H. N. Eisen, H. S. Ginsberg, and W.
B. Woods, Jr. 1973. Microbiology. 2nd ed. Harper and Row,
Hagerstoﬁn, MD. 1562 pp.

Densen, P., and G. L. Mandell. 198f¢. Phagocyte strategy vs.
Microbial tactics. Rev. Infect. ﬁis. 2:239-318.

Dische, Z. 1955. New color reactions for determination of
sugars in-polfsaccharides. Pages 313-358 in D. Glick, ed.
Methods of biochemical analysis. Vol. II. Interscience
Publishers, New York, N.Y.

Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebers, and R.
Smith.. 1956. Colorimetric method for determination of sﬁgars
and related compounds. Anal. Chem. 28:350-356.

Francis, D. P., M. A. Holmes, and G, Brandon. 1975. Pasturella
multocida; Infections after domestic animal bites and scratches.

J. Am. Med. Assoc. 233:42-45.



42.

43.

44.

45.

46.

47..

48.

49.

99

Friend, S. C. E., B. N. Wilkie, and R. G. Thomson. 1977.

Bovine pneumonic pasteurellosis: Experimental induction in

_ vaccinated and nonvaccinated.valvés. Can. J. Comp. Med. 41:77-

83.
Ganfield, D. J., P. A. Rebers, and K. L. Heddleston. 1976.
Immunogenic and toxic properties of a purified

lipopolysaccharide—protein complex from Pasteurella multocida.

Infect. immun. 14:990-999.
Gaunt, G., R. Moffat, and T. K. S. Mukkur. 1977. Fowl cholera:
Immunization of chickens with potassium thiocyanate (KSCN)

extract of Pasteurella multocida serotype 3. Avian Dis. 21:543-

548.

Gilmour; N. J. L. 1978. The role of Pasteurella in respiratory
disease of cattle. Pages 356-366 in W. B. Martin, ed.
Respiratory diseases in cattle. ﬁartinus Nijhoff, The Hague.
Gray, H. 1913. Some diseases of bi;ds. paggs 420—432_12 E. W.
Hoare, ed. A system of veterinary medicine. Alexander Eger,
Chicago, IL.

Griffith, R. W. 198d. Immnune reponses of cattle to antigené of

Pasteurella multocida. M.S. Thesis. Iowa State University,

Ames, IA.

Hamdy, A. H., N. B. King, and A. I. Trapp. 1965. Attempted

immunization of cattle against shipping fever: A field trial.

AI“- Jo Vet- Res.o 26:897_9G2-

Harris, W. F. 1973. Are the licensed bovine bacterins



50.

51.

52.

53.

54.

55.

56.

1060

effective? sShould the formula be changed? J. Am. Vet. Med.
Assoc. 163:841-844.

Harshfield, G. S. 1965. Fowl cholera. Pages 359-373 in H. E.
Biester and L. H. Schwarte, eds. Diseases of poultry. 5th ed.
The Iowa State.University Press, BAmes, IA.

Heddleston, K. L., J. E. Gallagher, and P. A. Rebers. 1972.
Fowl cholera: gel diffusion precipitation test for serotyping

Pasteurella multocida from avian species. Avian Dis. 16:925-

- 936.

Heddleston, K. L., T. Goodson, L. Leibovitz, and C. I. Angstrom.
1972. Serological and biochemical characteristics of

Pasteurella multocida from free-flying birds and poultry. Avian

Heddleston, K. L., and P. A. Rebers. 1975. Properties of free

endotoxin from Pasteurella multocida. Am. J. Vet. Res. 36:573-

574.
Heddleston, K. L., P. A. Rebers, and A. E. Ritchie. 1966,

Immunizing and toxic properties of particulate antigéns from two

immunogenic types of Pasteurella multocida‘of avan origih. Jds
Immunol. 96:124-133. |

Heddleston, K. L., and R, E. Resinger. 1960. Studies on
pasteurellosis. III. Control of experimental fowl cholera in
chickens and turkeys with an emulsified killed vaccine. Avian
Dis. 4:431-435. |

Insel, R., and P. Anderson. 198¢. Haemophilus influenzae type




57.

58.

-59.

6d.

6l.

62.

101

b. Pages 482-488 in N. R. Rose ana H. Friedman, eds. Mannual
of clinical immunoclogy. 2nd ed. American Society for
Microbioloéy, Washington, D.C.

Jensen, R., R. E. Pierson, P. M. Brady, D. A. Saari, L. H.
Laverman, J. J. ﬁnglqnd, D. P. Horton, and A. E. McChesney.
1976. Diseases of yearling feedlot cattle in Colorado. J. Am.
QEt. Med. Assoc. 169:497-499.

Jensen, R., R. E. Pierson, P. M. Brady, D. A. Saari, ﬁ; H.
Laverman, J. J. Engiand, H. Keyvanfar, J. R. Collier, D. P.
Horton, A. E. McChesney, A. Benitez, and R. M. Christie. 1976.
Shipping fever pneumonia in yearling feedlot cattle. J. Am.
Vet. Med. Assoc. 169:500-506.

Karkhanis, K. D., J. Y. Zeltner, J. ﬁ. Jackson, and D. J. Carlo.
1978. A new and improved microassay to determipe 2-keto-3-
deoxycctonate in lipopolysaccharide of Gram-negative bacteria.
Anal. Biochem. 85:595-6@1.

Klebanoff, S.‘J., and R. A. Clark., 1988. Iodination by human
polymorphonuclear leukocytes: A re-evaluation, J. Lab. Clin.
Med. 89:675-686.

Knox, K. W., and R. V. S. Bain. 1968. The antigens of

Pasteurella multocida type I. I. Capsular ﬁolysaccharides.

Inmtnology .3:352-362.

Kodama, H., M. Matsumoto, and L. M. Snow. 1981. Immunogenicity

of capsular antigens of Pasteurella multocida in turkeys. Am.

J. Vet. Res, 42:1838-1841.



63.

64.

65.

66,

67.

68.

69.

9.

162

Kuéera, C. Jo, J. C. S. Wong, and R, L. Eis. 198l. Development

of a chemically altered Pasteurella multocida vaccinal strain.

Am. J. Vet, Res. 42:1389-1394.

Larson, K.:A.; and K. R. Schell. 1969. Toxicity and
immunogenicity of shipping fever vaccines in calves. J. Am.
Vet. Med. Assoc. 155:495-499.

Little, P. A., and B. M. Lyon., 1943. Demonstration of
serological types within the nonhemolytic‘Pasteurella. Am. J.
Vet. Res. 4:110-112.

MacLennan, A. P., and C. J. M. Rondle. 1957. Pasteurella
septica: The occurence of type-specific polysaccharides
containing aldoheptose sugars. Nature 18@:1845-10646.
Maheswaran, S. K., J. R. McDowell, and B. S. Pomeroy. 1973.

Studies on Pasteurella multocida. I. Efficacy of an avirulent

mutant as a live vaccine in turkeys. Avian Dis. 17:396-405..
Maheswaran, S. K., and E. S. Thies, 1979. Pasteurella .
multocida antigen—induced in vtro lymphocyte immunostimulation,
using whole blood from cdttle and turkeys. Res. Vet. gci.
26:25-31.

Maheswaran, S. K., and E. S. Thies. 1979. Inflﬁence-df

encapsulation on phagocytosis of Pasteurella multocida by bovine

neutrophils. Infect. Immun. 26:76-8l.
Maheswaran, S. K., E. S. Thies, and S. K. Dua. 1975. Studies

on Pasteurella multocida. III. In vitro assay for cell-mediated

Ammunity. Avian Dis. 20¢:332-341.



1.

72-

73.

74.

5.

76.

7.

103

‘Markham, R. J. F., and B, N, Wilkie. 1988. Interaction between

Pasteurella heﬁolytica and bovine alveolar macrophages:

Cytotoxic effect on macrophages and impaired phagocytosis. Am.
J. Vet. Res. 41:18-22. |
Martin, S. W., A. H. Meek, D. G. Davis, G. R. Thomson, J. A.
Johnson, A. Lopez, L. Stephens, R. A. Curtis, J. F. Perscott, 5.
Rosendal, M. Savan, A. J. Zubaidy, and M. R. Bolton. 1980.
‘Factors associated with mortélity in féedlot cattle: The Bruce
county beef cattle project. Can. J. Comp. Med. 44:1-15.
Merchant, I. A., and R. A. Packer. 1967. Veterinary
bacteriology and virology. 7th ed. The Iowa State University
Press, Ames, IA. 752 pp.

McKinney, K. L., and R. B. Rimler. 198l1. Immunoelectrophoresis
employing avian antisera for the detection and quantitation of

Pasteurella multocida antigens. J. Immun. Methods 43:1-13.

Mukkur, T. K. S. 1977. Demonstration of cross-protection

between Pasteurella multocida type A and Pasteurella

haemolytica, serotype 1. Infect. Immun. 18:583-585.
Mukkur, T. K. S. 1979. Immunogenicity of a chaétrophically

extracted protective antigen(s) of Pasteurella multocida type A

(bovine origin) against experimental pasteurellosis in mice. J.
Gen. Microbiol. 113:37-43. _

Mukkur, T. K. S., and P. R. Nilakantan. 1969. The relationship
of hemagglitinating antibody with protection in cattle immunized

against hemorrhagic septicemia. Cornell Vet. 59:643-648.



78.

79.

8g.

8l.

82.

83.

84.

1p4

Palotay, S. L., S. Young, S. A. Lovelace, aﬁd J. H. Newhall.
1963. Bovine respiratory infections. II. Field trial using
bacteiial vaccine products as a meanshof‘prqphylaxis, Am. J.
Vet. Res. 24:1137-1142.

Penn, C. W., and L. K. Nagy. 1974. Capsular and somatic

antigens of Pasteurella multocida Types B and E. Res. Vet. Sci.

16:251-259.
Prince, G, H., and J.. E. Smith. 1966. Antigenic studies on

Pasteurella multocida using immunodiffusicn techniques. . I.

Idenﬁification and nomenclature of the soluble antigens-of a

. bovine hemorrhagic septicemia strain. J. Comp. Pathol. 76:303-

314.

Prince. G, H., and J. E. Smith. 1966. Antigneic studies on

Pasteurella multocida using immunodiffusion techniques. II.

Relationship with other gram negative species. J. Comp. Pathol.
76:315-320.
Prince, G. H.,, and J. E. Smith.‘ 1966. Antigenic studies on.

Pasteurella multocida using immunodiffusion techniques.  ITI.

Relationéhips'between strains of Pasteurella multocida. J.

~Comp. Pathol. 76:321-332.

Read, S. M., and D. H. Northcote. 1981. Minimization of
variation in the respdnse to different protéins of the‘C6omasie
blﬁe G dye—biﬁding assay for protein. Anal. Biochem. 116:53-64.
Rgbers; P..A., and K. L. Heddleston. 1974. Immunologic '

c@mparison of Westphal~type lipopolysaccharides and free



85-

86.

87.

88,

89.

99..

9l.

92.

1@5

endotoxins from an encapsulated and a nonencapsulated avian

strain of Pasteurella multocida. Am. J. Vet. Res. 35:555-560.
Rebers, P. A., K. L. Heddleston, and K. R. Rhoades. 1967.

Isolation from Pasteurella multocida of a lipopolysaccharide

antigen with immunizing and toxic properties. J. Bacteriol.
93:7-14.

Rebers, P. A., M. Phillips, R. Rimler, and R. A. Boykins. 1980.
Immunizing properties of Westphal lipopolysaccharide from an

avian strain of Pasteurella multocida. Am. J. Vet. Res.

41:1650-1654.
Rimler, R. B., and B. R. Boycott. 1979. Cross-protection
between avian, porcine, and bovine strains of Pasteurella

multocida in the mouse. J. Comp. Pathol. 89:89-98.

Rimler, R. B., P. A. Rebers, and K. R. Rhoades. 1979. Fowl

cholera: Cross-protection induced by Pasteurella multocida

sepafated from infected turkey blood. Avian Dis. 23:730-741.
Rimler, R. B., P. A. Rebers, and K. R. Rhoades. 1979. .
Nbdulatioﬁ of cross-protection factorjs):of avian Pasteurella
multécida. Avian Dis. 24:989-998.

Roberts, R. S. 1947. An,immunologic:study of Pasteurella
septica. J. Comp. Pathol. 57:261-178.

Root, K. R., and M. S. Cohen, 198l. The microbicidal
mechanisms of human néutrophils and eosinophils. Rev. Infect.
Dis. 3:565-598. |

Rosenbusch, C. T., and I. A. Merchant. 1939. A study of the



93.

94.

95.°

96.

97.

98-

99,

106

hemorrhagic septicemia Pasteurellae, J. Bacteriol. 37:69-89.

Roth, J. A., and M. L. Kaeberle. 198l. Evaluation of bovine
polymorphonuclear leukocyte functions., Vet. Immunol.
Immunopathol. 2:157-174.

Simmons, S. R., and M. L. Karnovsky. 1973. Iodination ability
of various leukocytes and their bactericidal activiﬁy. J. Exp.
Med. 138:44-63.

Smith, J. E. 1967. Genus Pasteurella. Pages 37¢-373 in R. E.
Buchanan and N. E. Gibbons, eds. Bergey's manual of ‘
determinative bacteriology. 8th ed. The William and Wilkins
Co., Baltimore, MD.

Srivastava, K. K., and J. W, Foster. 1977. Charaterization of

an immunogenic fraction of Pasteurella multocida culture

filtrates. Can. J. Microbiol. 23:197-2¢1.
Srivastava, K. K., J. W. Foster, D. L. Dawe, J. Brown, and R. B,
Davis. 1970. Immunization of mice with components of

Pasteurella multocida. Appl. Microbiol. 26:951—956._

Syuto, B., and M. Matsumoto. 1982. Purification of a
protecfive antigen from a saline extract of Pasteurella
multocida. Infect. Immun. 37:1218-1226.

Westphal, O., and K. Jann. 1965. Bacteial lipopolysaccharides:
Extraction with phenol-water and further applications of the
pfocedure. Pages 83-91 in R. L. Whistler, ed. Methods in
c&rbohydrate chemistry. Vol. 5. AcademicfPress, New York, N.Y.

Wong, J. C. S., and C. J. Kucera. 1982. Cross—pfotection‘bj a



1o1.

192.

1a3.

197

chemically altered vaccinal strain of Pasteurella multocida in

mice and hamsters. Am. J. Vet. Res. 43:1315-1316.

Yates, W. D. G. 1982, A review of inféétious bovine
rhinotracheitis, shipping fever pneumonia, and viral synergism
in.respiratory'disease of cattle. Can. J. Comp. Med. 46:225-

263.

‘Yaw, K. B., and J. C. Kakavas. 1957. A comparison of the

: prdtectiop—inducing factors in chickens and mice of a type 1

strain ofiPasteurella multocida. Am. J. Vet, Res. 18:661;664.

Yost, F. J., and I. Fridovich, 1974. Superoxide radicals and

phagocytosis. Arch. Biochem. Biophys. 161:395-4g1.

{
!
1
i“
T



108
ACKNOWLEDGMENT

I wish to express my sincere appreciation to the many individuals
who‘willingly gave assistance and advice in the conduct of this
experimentation and in the preparation of this thesis. I am
. especially grateful to Dr. M. L. Kaeberle, my major professor, for his
cdnsideréble efforts in conceiving of and designing the
experimentation, interpreting the results, and preparing the
manuscripts. I also express my appreciation to Drs. J; A. Roth, R. W.
Griffith, and K. B. Platt for their valuable assisténce and advice. I
~ also wish Eo ackndwledge the valuable assistance provided by Messrs.
R. D. Hubbard, Y. W. Chiang and E. C. Johnson. I also wish to thank
Drs. T. T. Kramer and D. C. Beitz for serving on the graduate
cbmﬁitteé. Finally, I Qish to express my greatest appreciation to my
‘wife, Myungwon, for her understanding and patience' throughout the
courserof my graduate study. This experimentation was supported by
Qrants from the State of Iowa Livestock Health Advisory Council and
from the United State Department of Agriculture, Science and Education

Administration.





