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- INTRODUCTION .

Pasteurella multocida is known to be a major etiologic factor

in bovine respiratory disease, NRQSpiratory diseases in the United States
causgumilljons of dollars in losses annually in the cattle industry.
Such losses include not only deaths but also excessive'shrinkagé,

cost of treatménf,.inefficientrfeed cpnversion, and delayed marketing.

In a recent study, Jensen-et al. (1976) surveyed a large population of
feedlot catt]e: Approximately 5.1% of the cattle became i1l and

18.9% of those died. Approximately three quarters of the illness was
attributed to respiratory disease. Pasteurella species alone or

in combinatioh with other agents were recovered from 62 bércent‘of

the lungs at ﬁecrbpgy. AIthough‘no good statistics are available,

a significant percentage of respiratory tract infections involve

Pas?eurel1a'mu]tocida_as éither.a primary or secondary disease
producing agent. | |

The recbgnitibn-df the role of P. multocida in bovine respiratory
. disease has led to the development and use of various bacterin
products. The use of most of these products has proved disappointing
“for “the fél]owing reasons: 1) Type A P. multocida is poorly '
antigenﬁc. At Iegét tﬁo-doses and, often more are required to give aw
sfgnjficant 1éve1.6f protectioh; AThe cost and inconvenience of
qultiﬁfe dosage hegimens,has not been well-received by theﬂcatt1e
‘indq§tfy in fhis-cduhtry;l 2) Bacterins prﬁbéﬁly do not initiate a

[l



traditional cellular type response. Such a response may be an
important component of the local pulmonary defense against P.
‘multocida. 3) P. multocida bacterins are most effective when
immunization is performed prior to shipment of cattle to feedlots.
Immunization less than two weeks prior to, during, or after shipment
is reiative1y ineffective.
In addition to the above probliems, the efficacy of bacterins

as prophylactic agents is questionable. The antibody responsé to
these agents is of a low order, It appears that stress factors
associated with shipping and infection of the respiratory tract with
certain virus agents are capable of negating the protective immune
response to killed bacterins: In addition, immunosuppression and
toxicity due:to certain components of killed bacterins may be a
prqbqem. Friend et al. (1977) demonstrated that cattle immunized
with'a P, hemolytica bacterin had a higher incidence and greater
severity of respiratory disease caused by this agenf than control
" animals. ‘

Little definitive investigation has been carried out'as to the
mechanisms by which cattle respond to P. multocida Type A infection,
Othér_species of animals have been utilized as models but the
majority of those investigations were concerned with systemic and not
pneumonic mechanisms of resistance and cjearance. There is a |
re1atjv¢ deairth of idformation dn the immune response of cattle to
this ageﬁt. |

Recent work by Maheswaran and Thies (1979) has indicated that,



in addition to. a humoral jmmune response, cattle may mount a
cell-mediated response. The goals of.this investigation have been
to: 1) Isolate and characterize various.1mmunogeqic'fractions from
a Type A P. multoécida and 2) Characterize the nature of the immune

response of the bovine to these immunogenic fractions.



LITERATURE REVIEW:

'Hiétd}y

Diseases now known to be caused by Pastéurella species were
llreported-]ong before the isolation of the etiological agent. These
organisms were thought to play a role in large epornitics among fowl in
Europe in the latter half of the eighteenth century (Brogdén, 1977).
Maillet, in‘1836,‘Wa5 the first to use the name fowl chblérauiniconnection‘
with these epornitics (Manninger, 1929).

Dadd (1859) discussed;the sympfbms and treatment of respiratory |
disgﬁses called catarrh or Hodse and enzootic catarrh in cattle. He
§ta£ed that-"catarrh is nothing more than a common cold, induced-b&
thé ordinary causes such as exposure and errors in-diet and management."”
He 1hferred'é hereditary predfsposition and stated‘ﬁhat, when an animal
is removed from a warm to-a colder region, it is apt to contract catarrh.

Renault and‘Dékqfond pregented the first experimehtal evidence for
the transmfssibi]ity‘of fowl cholera around the middle ofAthe-nihetégnth
century (Manninger, 1929).  R1v01ta in 1877 and Perroncito in 1878 ‘
described the presence of microbes having a rounded form appearing 7
singiy or in pairs in the blood of chickens infected with fowl chalera.
(Harshfield, 1965). Bollinger, in 1878, made what was probably:the
first significant .report of what ﬁas to be labeled pasteuref]psis
(Carter, 1967a). He inQes;igated an outbreak of fatal disease among
wjfﬁ-aﬁimals and cattle. Toussaint (1879) was the first to isolate. .
and describe P. multocida from the blood of a chicken. The most-com-

plete description-of the organism was made by Pasteur'(18805, b). .



Kitt, in 1885, made a comparative study of the organisms producing
fow] cholera, rabbit septicemia, swine septicemia, and septicemia of
wild ariimals and cattle. Because of the similarities between the

causative organisms, he referred to them as Bacterium Bipolare

multocidum (Rosenbusch, ]937): In 1886, Hueppe noted the similarities
of the diseases caused by these organisms and suggested the name
septicemia hemorrhagica for the disease (Rosenbusch and Merchant, 1939).

In 1886, Poels was. the first to describe the organism of calf
pleuropneumonia (Carter, 1967a). The strain present in buffalo was
reported by Oreste and Armanni in 1887 {Carter, 1967a). In 1895, Moore
reported finding members of the hemorrhagic septicemia group present on
the mucous membranes of the respiratory tracts of apparently normail cattle,
sheep, swine, dogs, and cats (Hagan and Bruner, 1957).

Trevisan in 1887 sugggsted the genus name Pasteurella for this group
in honor of Louis Pasteur (Gréy, 1913). He listed three species for the

genus: Pasteurella davaine%, Pasteurella choleréga11inarum,.and

Pasteure]la suis. There was an early tendency to use zoological classi-

fications based on the host species infected. Thus, in 1896, Fligge

referred to the various Pasteurella organisms as Bacillus bovisepticus,

B. suisepticus, etc. Lignigres (1900) listed the organisms causing

pasteurellosis as Pasteurella aviaire, P. bovine, P. ovine, P.

porcine, etc. Lignigres' nomenclature system was widely accepted by
bacterioTogists and the genus Pastéurella became well-established.

However;, the species names suggested by Flugge were adopted; hence



Pasteurella aviseptica, -boviséptica, -oviseptica, -suiseptica,

-equiseptica, -1eptiséptjca, and'é”urfsegtica (Carter, 1967a). However,
it became increasingly apparent that these organisms were morphologically,
biochemically, serologically, and pétho]pgica11y similar. An attempt

was made to include all these strains under one name. Wilson and

Miles in 1929 suggested that thesé Pasteurellas be referred to as P,
septica (Buchanan et al,; 1966). Rosenbusch and Merchant (1939) proposed
the name P. rultocida because the first inclusive name,” Bacterium

bipdere“hu]tocidum, was first used by Kitt in 1885, Pasteurglla

multocida is the name universally aéceptéd at this time.

. It was recognized early that an atypicaT group of PasteureT]a
organisms %as.a1so involved in'disease in cattle and sheep. In 1921,
Jones reported a separate group of Pastéureila organisms which fermented
lactose, did not produce indol and which hemolyzed blood. In 1932,
'Neﬁsom‘and Cross*étudied this group in detail. fhey reported this-gfoup

to be identical to Jones' Group I and placed the atypical strains in a

separate species which they called Pasteurella hemolytica. This name

has also been universally accepted.

Physical characterist%cs of P. multocida

' The usual form of Pasteurélld multocida is thét of a short, rounded,

small cocobacillary rod, Cultures can be quite pleomorphic, however,
especially if grown under unfavorable conditions. 01d laboratory
cultures will often contain long filamentous forms. The organisms vary

in size from 0.25 to 0.4 ym by 0.6 to 2.6 ﬂm.



As viewed by electron microscopy, the organism has a strﬁcture
similar in many respects to other gram negative bacteria (Glauert and
Thornley, 1969; Brogden, 1977). The cytoplasm of the cell is delineated
by a plasma membrane. Peripheral to this is an outer unit membrane

-which presents a contoured rugated surface topography. Brogden
described a dense infermediate Tayer and an electron transparent inter-
space: between these two hembranes; Negatively stained preparations
of both broth and agar cultivated cultures revealed the presence of
microfilaments on the surface of two strains of P. multocida. These
filaments were-400-500 A in Tength and 15-30 A in diameter. These
structures were not observed on thin sectioned specimens.

P. multocida shows the surface blebs observed with other gram
negative organisms (Glauert and Thornley, 1969; Devoe and Gilchrist,
1973). These blebs or finger-like projections are thought to be
evaginations of the outer cell membrane and consist of the same

trilaminar arrangement (Brogden, 1977). Devoe and Gilchrist (1973)

worked with Neisseria meningitidis and found that 18% of the endotoxin
produced by the organism was present in such biebs found free in the
supernatant fluids.

Many isolates of Pasteurélla multocida also possess a capsule. The

amount and type of capsule tends to vary greétly from isolate to
isolate. The aﬁount of capsule also appears to be a function of the
serotype to which a particular isolate belongs. Carter's Type A
possess the Targest amount of capsular material (Carter and Rundell,

1975). To a large extentAthe capsule of Type A strains of P. mﬁ]tocida



is composed of hyaluronic acid (Carter and Annau, 1953; Bain, 1954).
The hyaluronic acid would appear to be in the form of a framework
réther than in a discrete layer (Carter, 1967b).

The cap;u1es associated with someé of the Type D qrganisms contain
muéh.fess hyaluronic acid (Carter and Subronto, 1973). The capsules
of TYﬁes B and E contain a greater amount of protein material than do
either ijes AorD (Penn and Nagy, 1974). Not all isolates possess
capsules. Bain (1957) reported that none of 20 canine and feline
iso]ates was capsulated. Smith (1958) surveyed 103 isolates and found
* that the majority of the canine and feline isolates were noncapsulated,
ngnty of 28 porcine cultures and three of five bovine cultuﬁes were
.capsﬁlated, however . Tﬁére is a tendency for isolates to produce less
capsular material or lose it altogether (dissociate) on repeated .sub-
culture in broth medijum (Eiberg and Ho, 1950). This dissociation has
- given rise to various designations'for the same variant. Considerable
confusion is evident in the 1iteratufe; Webster and Burn (1926) applied
the tgrm muﬁbidrto those isolates having a great amount of capsular
material. This term is still in common use. DeKruif (1921) used the
terms diffuse and granular to describe the colony types. Hughes»(lQBOj,'
observing the appearance of thé'co1ony.undér obliquely transmitted 1ight,
classified the dissociants as either fluorescent, intermediate or blue.
Anderson et al. (1929) used the term rough. This term has been retained
inlfhe literature. Braun (1953) 5u§gested the terms mucoid, smooth
.and rough be employed to designate the brincipa1-co1onia1 variants of

bacteria. This has gained wide -acceptance. Carter (1957a) suggested



that the term "antigenically rough" be emp]oyed for those smooth
cultures which fell into DeKruif;s granular or Hughes' blue
categories. Heddleston et al. (1964) used the term “gray” to describe
a variant of the blue colony type. Since the term fluorescent used

by Hughes {1930) was technically incorrect, it was replaced by the
term iridescent. Unfortunately, a combination of these ‘terms is in

.common use today to describe the dissociants .of E;'muTtocida.

Typing Systems

Classification systems for Pasteurella multocida havé been reviewed

extensively by Cornelius (1929), Carter (1967b), and Brogden (1977).
No attempt will be made here to give a detailed discussion of the
evoiution of the v&rious typing schemes, However, a brief outline of
the typing systems employed is germaine. Little and Lyon (1943) described
three distinct serological types within the nonhemolytic Pasteurella.
They.based thejr classification system on a rapid slide aég]utinatioh
procedure and a passive serum protection test in mice. Roberts (1947)
was able to divide P, multocida into four groups on the basis of serum
protection tests in mice. These groups were designated I, II, III,
and IV, Carter (1955, 1957b, 1959, and 1963) divided his isolates
into four capsular types on the basis of the indirect Hemagg]utination
teét. These were designated Types A, B, D, and E, A fifth group (C),
prbpbsed earlierr, was dropped because of difficultjeﬁ in rebbgnition,

(Carter 1959, 1963).

N



10

A nonserological procedure for identifying Type A isolates was
introduced by Carter and Rundell (1975). They employed staphylococcal
hyaluronidase to inhibit the production of capsules by Type A
cultures. This resulted in a marked diminution in size of the
colonies on blood agar. Type B and E isolates do not produce
hyaluronic acid; thus, no effect on these types was observed. Some
Type D isolates showed a slight reduction in colony size.

Carter and Subronto (1973) employed the acriflavine reaction for
identification of Type D isolates of P. multocida. They found that
serotype D produced a characteristic coarse flocculation as seen in
the slide agglutination procedure. Having used this procedure on over
100 cultures, it was concluded that it could replace the more involved
indirect hemagglutination test.

The serologic features of the somatic antigens of P. multocida were
a puzzle prior to the studies of Namioka and associates in the 1960's
(Namioka and Bruner, 1963; Namioka and Murata, 1961a. b, c; Namioka and
Murata, 1964). They employed antigens treated with 1N HC1 in a slide
agglutination test. They were able to obtain "specific factor" 0 sera
in rabbits by absorbing the sera with the HC1-treated antigen of cross
reacting strains. Their cultures fell into ten somatic groups.
Combined with the capsular typing system employed by Carter, 15 sero-
types were reported by Namioka (1973). Namioka and Murata (1961c)
proposed that serotypes be identified by listing first the somatic
(0) antigen followed by the specific capsular antigen, e.g., 7:A. The

complexity of the somatic antigens was compounded by the demonstration
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of a number of O subgroups (Namioka and Murata, 1961c)}. A strong
correlation between epizootiology and the serotyping system outlined
'abOQetwas made by ﬁamidka and Murata (1964).7 Fowl cholera was ;hown
to be caused by Serotypes 5:A, 8a:A, and“g:A; The causative agent of
hemorrhagic septicemia in cattle was found to be 6:B. Namioka and
Bruner (1963) reported that cultures beiqnging to 1:A, 3:A, 1:D,

2:D, and 4:D were associated with pneumonia in cattle and sheep. The
procedurgs employed for determining Namioka's somatic types have not
been widely used {Brogden, 1977). Difficulties are encountered in
the preparation of "specific factor” séra in additfon to problems |
with cross$ reactions.

Prince and Smith (1966a) investigated the antigenic structure of
P.-multocida by using 1ﬁmﬁnoe1ectrbphoﬁesis. Eigﬁteen so]ublei
antijen§ were identified. Sixteen of thesé were common to all of 17
'strains of anan and bovine origin (Prince and Smith, 1966b)L :The
remaining two antigens? designated alpha and beta, were type specific.
The heat-stable beta antigen was used in the gel diffuéionwprecipitin
fesf to. type unknown isolates. |

Heddleston et al. (1972a) reported on the use of a gel diffusion
prgcﬁpitin test for serotyping avian isolates of P. multocida. This A
sysfem'has‘been extended (Hedd]eston et al., 1972b; Blackburn et al.,
' 1?75) and is now composed of sjkteen serotypes (Brogden, 1977). Numerous -
in@égtjgatibns dealing with the distribution of serotypes haQe béen
reported since %helestabﬁishment of this typing system (Brogden, 1977).

Carter (}éfﬁ):prOposed’that B;qmu?toéida be d{Qided into %jve
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biotypes. These biotypes would be identified on the basis of the
following characteristics: hyaluronidase decapeulation, acriflavine
flocculation, coTen1a1 1ridescence, fermentatiqn'of carbohydrates,
mouse pa{hogenicity and serum protection tests. He proposed a 1)
mucoid biotype, 2) hemorrhagic septicemia biotype, 3) porcine

bietype, 4} cahine biotypes and 5) feline biotype. The mucoid biotype
wou]d encompass the Type A organisms. The hemorrhagic septicemia
biotype WOﬁid be analogous to Types B and E. The porcine biotype
appears to be the:séme_as the Type D brganisms. The canine and feline
biotypes would be characterized by their lack of hyaluronic acid,
noniridescence and fermentation pafterns. The canine biotype would
have Tow mouse pathogenicity and the feline Biotype refatively high
mouse'pathcgenicjty; Thfs system of biotypes has not beenAwfdely

adopted,

Ant1gens

Elucidation of the ant1gen1c makeup of P. multocida has proven
diff1cu1t. It has been complicated by the fact that major differences
are present in the capsules and cell walls of the various serotypes.
In addition, the-propensitylof the organism to dissociate gives rise
to quant1tat1ve differences in antigenic makeup. In some cases these
have been construed to be qualitative in nature (Carter and Annau 1953).

. Boivin and Mesrobeanu (1935) presented a method for extracting
relatively undenatured envelope-substances from gram negative bacteria
. by using trichloroacetic acid (TQA)., They found that a relatively

" complete antigen complex was .obtained which was soluble, nondialysable,
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antigenic and toxic. It pretipitatgd in the cold in the case of

some bacteria. It remained toxic in neutral solutions but anti-
genicity was lost by heating to 106-120“ C. In strongly acid medium
and with heating it lost its toxicity and antigenicity and was

cleaved into a precipitate and a residual "free polysaccharide"

which remained in solution. They worked primarily with the Salmonella

group but demonstrated similar materials in’'Protéus, Pseudomonas and

other bacteria. Pirosky (1938) reported the recovery of a Boivin
type antigen from smooth -and rough variants of an avian strain of P.
‘multocida. He found the extracts to be toxic, profective and
serologically specific.

‘TCA-extracted antigens-are never immqno]ogiéa11y or chemically
identical from one batch to another (Staub, 1967). The nitrogen
-content may vary from 2-4% with'a.given bacterial species. The purity
of this material can be improved with ultracentrifugation or with gel
fi]tfation (Staub, 1967). These processes remove free proteins, nucleic
acids and degraded polysaccharides which make up approximately 20%
of the whole antigen. The TCA extraction results in the most unde-
natured cell wall material, This process is also the least efficient
at removing cell wall material; thus, a Targe amount of material remains
with the cell which can be extracted'by other means. This antiggnic
preparation is best characterized as a lipopolysaccharide-protein
complex.

Carter (1952) isolated what he presumed to be a capsular poly--

saCcharide substance from four cﬂ1tdres of P. multocida by using
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two different methods. The first method involved washing bacteria
from an agar plate with saline and heating them at 56° C for one hour.
The organisms were centrifuged out and the supernatant diluted and
used in a precipitation test. The second method was adaptéd from
MacPherson (1948). Briefly, this involved treating agar-grown
bactéria with 1 M sodium acetate and ethanol followed by phenol and
subseduant extraction by‘ethanb1=and saline. This antigen was then
used in a precipitation test. He determined‘that there were two
principal antigenic components to P. multocida: 1) A type specific,
soluble capsular polysaccharide, and 2) a somatic antigen common to
all members of‘the spegies; _

Carter and Aﬁnaul(1953) described the isolation of capsular poly-
saccharides from the colonial variants of P. multocida. The poly-
saccharidés wére 1501ated-by heating at 56° C for 1 hr. followed by
centrifugation to’remove'bﬁcteria: The supernatant was precipitated
wfth 3 volumes of ethanol and the‘preciﬁitate resolubilized in distilled
water and.dried; AThe polysaccharides from the fluorescent variant were
found to be highly protective in mice. Those of the mucoid (M)
variants were much less protectfve. The M polysaccharide was found to
be relatively inactive §erologica11y. Both substances were nontoxic for
mice in doses up to 3 mg.

Yaw and Kakavas (1957) removed the capsular polysaccharide.by
Carter's method from a Type 1 (Little and Lyon, 1943) strain of P.
mq]thida. The whole cells remain{ng after this extfaction were found

to be agglutinable in rdabbit antiserum to formaiin-Killed cells. The
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capsular polysaccharide was found to be protective in mice and
chickens; however, the heat-killed washed cells were protective only
in chickens. This indicated a species difference in the response to

various antigens of P. miltocida, Similar work with Yérsinia pestis

had shown that different components of the bacterium were responsibie
‘for-immunization.in different host species (Shutze, 1932).

A method for extracting Tipopo]ysacchéride materials from bacteria
us{ng.phenol was f{rst deﬁcribed'by Pa]mer-and Gerlough (1940).

Working with Sa]mone]Ta‘tythsa,-they isolated a phenol-insoluble

material which was protective in mice and toxic in mice and rabbits.
It wés,shbwn'to give a strong precipitin reaction ﬁith anti-typhoid
serum. produced in the rabbit. Westphal et al. (1952) simplified this
procedure_by shaking bacteria in an emulsion of‘ﬁhenol and.water at
5 to 10° C. The proteins, which Qere'501ub1e in the phenol phase, .
separated from the water—so]ub]ehnucTeic acids, po1ysacéharides and
lipopolysaccharides. Theuaqerus phase could then be dialyzed against
distilled wafer and the 11p0po?y§accharide purified by ultracentrifuga-
tion or other means (Staub, 1967; Westphal- and Jann, 1965).

chLennah and Rondle (]957? extracted a type specific lipopoly-
| saccharide from Roberts® Types I, III and V using the Westphal - .
extraétion. Théy found'the lipopolysaccharides to be poorly water .
soTuble following lyophilization, The materials were pyrogenic.in-
rabpits but ﬁot lethal in that species, in mice, or in guinea pigs at
a Tevel of 500 ﬁg. In addition to the Tipopolysaccharide (P), they

ob§erv¢d'another heat-stable antigen on gel diffusion precipitation
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which they referred to as S, A rough variant of the Type V strain
produced the S but not the P antigen; thus indicating the association
of the S antigen with the capsule. Analysis of the acid hydrolysate
of the-]ipopq1ysaccharide reveated the'presence of aldoheptose

sugars and glucosamine.

Perreau and Petit {1963} isolated a egco]ipjd endﬁtoxin antigen
from Type E. (P. muitoéﬁda) by Nestpha]'s'method. It was found to be
identical to the Tipopolysacéharide of Type B. However, they found a
qualitative difference between the antigen of Types B and E.

Bain (1955) extracted a polysaccharide-protein complex from the
capsules of,R.qmu1tocida'Type I (Roberts). The complex was immunogenic
in mice and could absorb thé protéctive power from rabbit antisera to
whole bacilli.

Knox and Bain (1960) extracted cell pastes of Type I (Roberts) with
2.5% NaCl, followed by isoé]ectric precipitation of protein at pH 3.8
anq precipitation of the poTysacchﬁfide with ethanol. THey found that
the polysaccharide could be fractionated into proﬂucts containing
vaEying proportions of glucosamine and fructose. The polysaccharide was
producéd by both iridescent and blue variants; however, the Blue variant
released the polysaccharide into the surrounding medium almost entirely.
' The ponsaccharide-was recovered most abundantly from agar. grown cells.
In broth cultures the polysaccharide péssed readily into solution,
rendgrind cells which were readily agglutinable by specifid antiserum,
The saline-extractedhcrude polysaccharide did not induce protective

immunity in mice when injected subcutaneoisiy or intraperitoneally in
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doses ranging frdm 2 to 100 pg. Gel diffusion precipitin tests using .
sera from rabbits hyperimmdnized against whole céi]s reacted with '
crude polysaccharide to give a variable number of Tines. When the
crude po]ysacchar1de was trypsinized only two lines usually remained.
Tryp51n1zat1on also aboT1shed the protective power of the po1ysacchar1de
when injected subcutapeous]y into m1ce, rabbits and catt]e. It
woqu“then appéar“thaf tﬁe purified polysaccharides are habtens-and .
depend upon the protein moiety for antigenicity.

Bain and Knox (1961), working primarily with Roberts' Type I, ex-
tracted P. multocida first with saline and then followed this with a
‘phen61=water extraction. The 11p0po1ysaccharide obtained by the phenol-
water exEraction was further pﬁrified'by ultracentrifugation at 105,000
g. for 2 hours. The 1ipop01y5acéhar1de was found to contain galactose,
glucose and glucosamine in addition to the D-glycero-L mannoheptose
reported'bj MaclLennan énd‘Roﬁd1e (1957); Forester, Davies and Crumpton
(1958), The iipopolysaéchafide was found to be highly toxiﬁ to -

.rgﬁbits in doses of 500 pg-I.V. Two-week old calves éo]]apéed when
given a doée of 300 to 7OQ ug but recovefed. Low doses elicited a
-febri}e response‘in rabbits but causéd hypothermia in mice. The lipo-
polysaccharide produced precipitins in rabbits detectable by gel
diffyéfon precipitation;“however, sera. from these rabbits would not
'-ﬁaééi9e1y protect other rabbits against‘a 500 'ug dose. The pur1f1ed |
11popolysacchar1de 1nduced only -a 20% protect1on 1eve1 1n mice against
a homo]ogous cha11enge '

Am1es 1n 1951 demonstrated that potassium th1ocyanate (KSCN) removed

-y
s
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the envelope from. Yersinia pestis (Amies, 1951). He isolated a protein

fraction from this material which afforded substantial protection in
mice. In 1955, Bain applied this extraction procedure to Serotype 1
(Roberts) P, multocida. This material was demonstrated to contain a
protective protein-polysaccharide complex plus a polysaccharide which
behaved as a hapten. Mukkur and Nilakantan (1969) confirmed the .
immunogenicity of this material in cattle. Gaunt et al. (1977)
extracted Serotype 3 (Pi 1059) P. multocida and found it to be
immunogenic against a challenge infection of the homoTlogous (Serotype
1 X-73) strain. Two antigenic components from each serotype were
observed to show Tines of identity on gel diffusion precipitin tests.
Mukkur (1977) immunized mice with a KSCN extract of Pasteurella
hemolytica Serotype 1. These mice were found to resist a challenge
infection with P, multocida Type A, thus demonstrating cross protection.
Antisera produced in mice against P. hemolytica was bactericidal for
P. multocida and vice versa. Bovine antibody against the KSCN extract
of P. multocida was bactericidal for P. hemolytica. Mukkur (1979)
compared the immunizing efficiency of the KSCN extract of P. multocida
with formalinized P. multocida in mice. The survival rate for the mice
receiving the formalinized bacterin varied from 10 to 63%. All mice
receiving the KSCN extract were protected; however’, ‘this protection
was not permanent. Only 40-53% of the mice survived more than one
week. Apparently, better protection was obtained when the KSCN
extract was combined with the formalinized cells. The KSCN extract

alone produced serum with the highest bactericidal titer, compared to
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the formalinized cells or a mixture of both. Immunoelectrophoresis
of the KSCN extract revealed three antigenic pomponents.

Prince and Smith t19663) used immunoelectrophoresis to study the
antigens of P. multo¢ida, Working with a Type B strain they demon-
strated- the presence of 18 distinct antigenic components in various
extracts. The majority of these were associated with structures
other than the capsule and were designated with the Tetters a through
n. Two antigens (o and 8) were associated with the capsule and/or
cell wall of the bacterium.. The o component was found to be heat labfle
and resistant to trypsin digestion. The B antigen was heat stable
and trypsin and pepsin resistant. The a antigen did not stain with
Sudan, black whereas the B antigen did. Both took up the protein stain
thiazine Fed. 'They felt that the o antigen was analogous to’ the
"protein" fraction of Knox and Bain (1960). The B antigen was thought
1o be analogous to the crude.po]ysacéharide.

Fufther study (Prince and Smith, 1966b) demonstrated that 16 of the
18 soluble antigens found in avian and bovine strains were common to
all the strains studied. The o and B antigens were found to be type
specific; however, the o antigen wOuid often cross-react.

Baxi et al. (1970) were able to isolate several antigens from P.
mu1focida‘strains in an attempt to determine type specificity. They
prepared sonicated bacteria and subsequently precipitated the sonicate
with 0.5, 1.0, 1.5, and 2.0 volumes of cold 96% ethanol. They éompared
these fractions with the whole sonicate and with heat stable antigen

prepared by autoclaving washed bacteria. Using gel diffusion
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precipitation, immurioelectrophoresis, and indirect hemagglutination,
they found that several distinct antigens were exposed by sonication
but were unable to delineate the type specificity of these or relate
them to protective gffects. They did report, however, that the
lipopolysaccharide of Type B was identical to that of E.

Sé]ine and phenol-water extracts of Types B and E P. multocida
were compared by Penn and Nagy (1974). The saline extract was found
to contain both an endotoxin component and another component theorized
to be the capsular antigen. Treatment of the saline extract with Na
deoxycholate caused the depolymerization of the endotokin. Endotogin
thus treated diffused from the antigen well more efficiently in the
gel diffusion precipitin test. The phenol-water extract was found to
contain both of these antigens., Based on their studies, they cohcluded
that the o and B antigens reported by Prince and Smith (1966a) were
analogous to the endotoxin and capsular polysaccharide respectively.

The ultimate complexity of the antigenic makeup of P. multocida
was not exposed until the studies by Namioka and associates. Naﬁioka
and Murata (1961a, b, c)extracted what they determined to be the 0
or somatic antigen of P. multocida using IN HCl. They found that the
somatic antigens found in a rough strain were identical with those
found in the iridescent variant of the.same strain. They determined
that the somatic antigens were destroyed by boiling and could be
divided into two groups, common and specific. The somatic antigens
were shown to be a compléx of antigens produced by a combfnation of

varijous factors, By means of cross absorption studies they were able
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to group cultures on the basis of these somatic antigens. The
chemical composition, structure, and location of the somatic antigens
has not been extensively studied.

Heddleston et al. (1966) described the isolation and properties
of “particulate antigens" from cold saline extracts of the cells from
the gray colonies of two immunologically distinct types of P. multocida.
These particulate antigens were isolated from cell-free supernatants
from agar-grown cells by centrifugation at 105,000 g for two hours,
The particulate antigen consisted mainly of small spherical particles
with average diameters of 20-50 n. Electron microscopic observations
of shadow casts showed these particles to be flattened membraneous
sacs. They possessed many of the properties of endotoxins, i.e., they
were toxic, high molecular weight, nitrogen-containing, phosphorylated
lipopolysaccharides which were readily inactivated by mild acid
treatment. These "particulate antigens" were found to be highly
immunogenic in chickens, mice and rabbits. Passive protection with
rabbit antisera in mice revealed good protection in one strain but not
in the other,

Rebers et al. (1967) isolated a particulate lipopolysaccharide-
protein complex from a virulent capsulated strain of P. multocida
isolated from a case of hemorrhagic septicemia in bison (M-1404). The
complex was extracted by mixing agar-grown cells in cold formalinized
saline, followed by removal of the cells and centrifugation of the
supernatant at 105,000 g for 2 hours. This complex was found to be

both toxic and protective in mice, rabbits and calves. The gross
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chemical composition and toxicity of the antigenic complex was found
to be similar to that of endotoxins extracted by the Westphal or
Boivin procedures. Extraction of a similar material from two avirulent
noncapsulated fowl cholera strains produced a similar antigenic
complex. It was capable of inducing typical Signs of fowl cholera in
chickens. Crutchley et al. (1967} observed that a large amount of
material indistinguishable from endotoxin was 1iberated in broth
cultures of gram negative bacteria. They found this material to be
lipopolysaccharide in nature with a molecular weight of approximately
1 million. The term "free endotoxin" was proposed for this material.
Working primarily with E. coli, they found this free endotoxin to have
the ability to induce nonspecific resistance to infection, diarrhea,
tumor necrosis, and localized and generalized Schwartzman reactions,
It was also toxic in mice and pyrogenic.

They fdund that free endotoxin was not merely a product of cell
breakdown. Rather, it was a product of vigorous cell growth in well
aerated broth cultures. They hypothesized that free endotoxin was
released as a result of excess production of cell wall material.
Crude free endotoxin was extracted by precipitation of thé ce]i-free
supernatant with 65% W/V ammonium sulfate. This material could also
be extracted by ultracentrifugation. It was found to be equal in
amount to that contained in the cells themselves, Using the
Ouﬁhterlony gel diffusion technique, the free endotoxin was found to
be immunologically indistinguishable from conventionally prepared

endotoxins.
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The crude free endotoxin was further separated by column chroma-
tography. It was found to contain an endotoxin fraction and a nontoxic
fraction. The latter material had a much sma]]gr molecular weight.
It.was found to have some of the immunological but none of the toxic
properties of endotoxin. Bhasin {1970) observed that a free endotoxin
from P. multocida induced a high degree of active immunity in mice.
The lipopolysaccharide prepared from the same strain by phenol
extraction was highly toxic and relatively nonimmunogenic.

Srivastava et al. (1970) studied culture filtrates from agar-grown
cultures of P-1059. They found that the_imﬁunity obtained in mice
was equivalent to that produced by cell wall material. Fractionation
of the culture filtrate on a Sephadex G-50 column yielded four
fractions. The first fﬁaction was found to contain the material
responsible for 1mmunogen1city‘in mice, It contained 63% carbohydrate,.
3.0% protein and 0.1% 2-keto-3-deoxyoctutosonic acid (KDO)., The
heptose content ranged from 0.01 to 0.10%. The authors stated that
this material is dfstinct‘from the free endotoxin studied by
Heddleston et al. (1966).

In another study (Srivastava and Foster, 1977) the first fraction
obtained from gel filtration was fractionated with aqueous ether to
yield a "glycolipid-1ike" material and with phenol to yield a
"lipopolysaccharide like preparation." They found that the ether-
extracted material was nmiore protective for mice than the whole first
peak., When extracted with phenol, the fraction represented by the

first peak Tost its immunogenicity but was toxic for rabbit skin.
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Rebers and Heddleston (1974) compared the serologic and immunogenic
properties of free endotoxin from capsulated and noncapsulated cells
of strain X-73. The gel diffusion precipitin reactions were found to
be identical. The free endotoxin from the capsulated cells was able
to induce immunity more rapidly than that from noncapsulated cells.
Treatment of the free endotoxin with phenol resuited in a Toss of
immunogenicity. This indicates that a protein component is”required
for the induction of immunity. They hypothesized that the free
endotoxin was composed, in part, of a Tipopolysaccharide-protein
compiex, The immunologic specificity would be determined by the
carbohydrate components of the 11popolysaccharide and the 1nductjon
of immunity By the protein moiety. Earlier work (Rebers &t al.,
1967) had shown the immuncgenicity of the free endotoxin to be
stable to heat and formalin. Proteins complexed to lipopolysaccharides
have been ;hown to be more stable than free proteins (Rothfield and
Pearlman-Kothencz, 1969). |

In comparing the free endotoxin with Westphal-extracted Tipopoly-
saccharide, lines of identity were observed on gel diffusion precipitin
tests, Both antigens reacted with homologous antiserum prepared
against whole cells but the free endotoxin was cross reactive with
some of 14 other serotype antisera. The Westphal 1ipopolysaccharide
was serotype specific. The free endotoxin also gave a coalescent
precipitin line with the heat stable antigen {Heddleston et al., 1972a,,
b) used for serotyping P. mu]tocida‘Of avian species (Heddleston

and Rebers, 1975). The immunoelectrophoresis patterns, however,
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-showed a small difference in the electrophoretic mobility of the two
antigens. Ganfield (1971) determined the particle diameter of the
free endotoxin by electron microscopy to be 35 to 45 nm with a Stokes
radius of 18 nm. A particle weight of 7.9 x 100 was determined.
Ganfield et al. (1976) further purified culture filtrates by differ-
entjal centrifugation and gel filtration on Sepharose 2B. Working
with a gray dissociant of P-1059, three fractions were usually obtained.
The peak eluted in the void'vo1ume was predominantly carbohydrate
although some protein was present. This peak amounted to about
10% of the starting material and was immunogenic in mice and turkeys.
The second fraction amounted to 75 to 95% of the starting material.
It contained 25 to 27% protein and 11% carbohydrate. Small amounts,
10 to 20 ug, were protective in mice and turkeys. Lafger amounts
were found to be lethal, however. The mean lethal dose was 195 ug for
mice and 5.7 wug for 10-day-old chicken embryos. The third peak was
primarily composed of protéins which gave lines of nonidentity with
the second fraction on gél diffusion precipitin tests. The third peak
was much Tess effective in inducing a protective immune response.
Isolectric focusing analysis showed that all the precipitinogenic
activity was found in the range of pH 3,0 to 4,0, with a peak at 3.7.
Brogden (1977) presented electron micrographs of the blebing of
P: multocida. It would appear that the free endotoxin is thus an
extrusion product consisting of excess cell wall material. It would
be.expected to be identical to the cell wall of P. nultoc¢ida and

exhibit similar serologic and biochemic properties. The work of
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Srivastava et al. (1970) and Srivastava and Foster (1977) indicates
that other materials may be present in culture filtrates which are
jmportant in the immune response.

Various subcellular antigenic materials associated with the
ribosomal constituents of pathogenic organisms have been isolated
and studied. Youmans and Youmans (1964a, b, c) were the first to
study what they originally described as a particulate antigen from

Mycobacterium tubéerculosis with a structure which in many respects

resembled mitochondria. On further study they determined that this
highly immunogenic and protective fraction was associated with the

ribosomes of M. tubéerculosis (Youmans and Youmans, 1965). Treatment

of this fraction with trypsin to remove protein did not affect

its immunogenicity in mice, whereas treatment with RNase resulted in

a 50% reduction (Youmans and Youmans, 19665). Treatment with sodium
dodecyl sulfate increased the activity of this fraction (Youmans and
Youmans, 1966a). Precipitation with ethanol resulted in a preparation
with immunogenic properties in mice comparable to that found in

viable attenuated H37 Ra cells of M. tuberculosis (Youmans and Youmans,

1969), It was shown that the presence of an adjuvant, either natural
or artificial, was required to elicit a high level of immunity

(Youmans and Youmans, 1966a). They theorized that the natural adjuvant
wés a mycobacterial lipoprotein membrane; If these membranes were
damaged, immunogenic activity was reduced; if destroyed, the immunogenic
activity was lost. Under the latter circumstance, Freund’s incomplete

adjuvant would completely restore immunogenicity. The effect of the
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adjuvant was thought to be due to the protection it afforded the
ribosomes from ribonuclease present in mouse serum. It was also shown
that young viable cells were a more suitable source of the ribosomal
material. In 1973 Youmans and Youmans analyzed the relationship
between sedimentation value and immunogenic activity of mycobacterial
RNA. The immunogenic moiety of the RNA was found to sediment at 23S
and have a molecular weight of approxfmateTy 450,000.

Immunogenic materials similar to those of Youmans_and Youmans

were prepared from Salmonella typhiniurium by Venneman and Bigley

(1969). The immunity obtained was found to be equivalent to that
observed with live organisms and much greater than that generated by
immunization with heat-killed Salmonéllae, purified 1ipopolysaccharide,
or crude and SDS treated endotoxins., Contrary to the findings of
.Youmans and Youmans (1966a}), the immun%ty obtained was independént of
the need for adjuvant and debendent on the dosage of the immunogen.
Further stu&y (Venneman et al., 1970) reyealed the immunogenicity to

be inhibited by Freund's incomplete adjuvant at 15 days but not at 30

days post-immunization. Their preparations were unaffected by treatment

with trypsin, DNase, RNase or pronase plus RNase. Venneman and Berry
(1971a) were able to demonstrate the passive protective effect of serum
from mice immunized intraperit0n¢a11y with their preparations of S,
typhimurium; however, hyperimmunization of mice by the subcutaneous
route resulted in serum with no demonstrable protective effect. They
were able to transfer immunity to normal mice with peritoneal cells

obtained from immunized mice (Venneman and Bigley, 1971b). In
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addition, such recipients were rendered capable of acting as donors
" of peritoneal cells that conferrgd demonstrable resistance on normal
recipients., Johnson (1972) treated ribosomes with phenol to extract
the protein associated with the immunogenic fraction of §,ftyghimurium.
He found the resulting ribosomal RNA to be nonimmunogenic, thus
suggesting that immunogenicity was a property of the protein moiety.
Smith and Bigley (1972) found that a protein-rich fraction
separated from an ethanol-precipitated material by salt precipitation
conferrgd significant protective immunity in mice when combined with
polyadenylicuridylic acid. |
Fogel and Sypherd (1968) described the use of 2-chloroethanol to

extract ribosomal proteins: from Eschérichia coli. Using this method,

Winston and Berry (1970} extracted ribosomal proteins from Staphylo-

coccus aureus. Immunity conferred in mice by the ribosomal protein

was significant for as Tohg as 15 days and was responsive to a booster
dose. RNase had 1ittle or no effect on the protective quality of this
materiél but heat was detrimental,

Thompson and Shyder (1971) studied ribosomal preparations of

Diplococcus pneumoniae. They found the peritoneal route of immunization

to be most efficient and that mice were protected up to 12 weeks post

immunization. The immunogen was sensitive to both RNase and protease.
Jensen et al. (1972), using column chromatography, were able to

separate ribosomes from what they detgrmined to be the protective

antigen of Vibrio ¢holéra. The protective antigen was a heterogenous

colloid. It contained protein, 1ipid and carbohydrate in a ratio of
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3:1:7, Further purification was 'unsuccessful.
Thomas and Weiss -(1972) found that ribosomal material from group B

Neisseria meningitidis protected mice against both a homologous and

heterologous challenge. The protective immunoden was unaffected by
RNase and impaired by pronase digestion.
Smith et al. (1973) described the protective effect of immunogenic

ribosomal fractions of Pseudomonas aéruginosa. Protection from

homologous challenge ranged from 80 to 100 percent, while no pro-
tection was afforded from heterologous challenge.
The immunogenicity of ribosomal vaccines prepared from group A

Type 14 Streptococcus pyogenes was examined by Schalla and Johnson

(1975). They found that optimal protection was attained by subcutaneous
administration of 326 ﬁg of pfotein in Freund's incomplete adjuvant.
Animals immunized with higher or lower antigen concentration showed
decreased Sgrviva]. Mice optimally immunized against Type 14 S.
pybgenes were also protected from heterologous chailenge with M

Types 2, 5, 8, and 12, The immunogenic moiety was determined to be
protein in nature and not RNA.

Ribosomal fractions were isolated from Listéria monocytogénes by

These were found to be nonimmunogenic in mice.

Baba {1977) isolated a ribosomal fraction from P. multoc¢ida strain
P-1059. He purified this material by differential centrifugation
followed by zonal electrophoresis on a starch block and separation

9n a Sephadex G-200 column. The fraction he obtained induced a high
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1evel of immunity in mice to a homologous challenge. Treatment with
sodium docecy] sulfaﬁe resulted in a 13% loss of protection énd RNase
caused a 60% loss of protection. Incubation for 1 hr, at 37° C

caused no Joss in immunogenicity. Purified protgin and purified
(phenol-extracted) RNA were nonimmunogenic. The supernatant fraction
remaining from the original centrifugation of this material at 105,000 9

for 2 hr. was not protective.

Immunization

The use of various immunizing agents against Pasteurella pneumonia
in cattle has proven equivocal (Carter, 1967b). Carter (1961a)
recommended that oil-adjuvant vaccine be prepared from virulent,
capsulated organisms of Type A. He stated that "because Types A and
D are not as antigenic as Type B, as large or larger doses" should be
used to immunize cattie. Because of adverse tissue reactions, 0il-
adjuvanted vaccines have not been extensively employed. The protection
induced by commercial bacterin products has also been called into
question. Palotay et al.'(1963) were able to reduce the incidence of
clinical pneumonic pasteurellosis with commercial bacterins but not
eliminate jt. Their study was done on calves vaccinated at least
one month prior to shipping,

Larson and Schell (1969) immunized recently weaned calves upon
arrival at a feedlot. They employed various vaccine preparations and

monitored rectal temperatures, white blood cell counts; serum titers,

serum protein, and clearance of a beta-hemolyti¢ Streptococcus from
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the blood. Pasteurella bacterins were found to: 1) increase rectal
temperatures to 103.5° F or higher, 2) cause a leukocytosis with
neutrophilia, and 3) not change serum protein levels. This apparently
did not alter the clinical appearance or affect the general state of
the animal's health. Antibody titers varied greatly. A1l but 2
animals tested were able to efficiently clear the beta-hemolytic

Streptococci. The two calves not clearing the Stréptococci were

unvaccinated controls. The authors believed the increased ability

to clear the Streptococci was due to a nonspecific, generalized immuno-

potentiation caused by the endotoxin present in the bacterins.

A large amount of effort has gone into the development of vaccine
preparations for hemorrhagic septicemia and avian pasteurellosis. A
brief review will be presented here,

The development of an effective immunizing agent for hemorrhagic
septicemia has been aided by two factors: 1) Types B and E, which are
résponsib]e for hemorrhagic septicemia, do not possess heavy mucoid
capsules similar to the Type A strains {Carter, 1967b) and,Z) Types
B and E are more aﬁtigen{c than Type A strains {Carter, 196la) possibly
because of a highér protein component in their capsuTes (Bain;'1955).
As a result, formalin-killed bacterins, emulsified in a suitable
adjuvant, have been used to establish solid immunity in cattle and
buffaio (Carter, 1967b).

Many attempts have been made to immunize chickens and turkeys
against P. multocida. An effective immunity against fowl cholera
using aluminum hydroxide adsorbed. killed vaccine was demonstrated by

Heddleston and Reisinger (1960). Immunity lasted at least 52 weeks.
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The'demonstrétion of secretory antibody induced by the introduction of
viral antigens in the respiratory tract of chickens led Wichmann and
Stoner (1974) to introduce bacterial antigens via the same route. A
75% protection rate was observed in chickens inoculated twice with a
washed whole cell formalinized bacterin.. No cross protection against
heterologous strains was observed however.

The use of live, attenuated E,'muitocida vaccines was pioneered
by Pasteur in 1880, However, Pasteur's vaccine did hot prove
practical because uniform attenuation could not be attained. Heavy
losses sometimes occurred in vaccinated flocks (Harshfield, 1965). In
1914, Hayden produced immunity in rabbits, pigeons and chickens by
injecting a Tive attenuated P, multocida vaccine (Bierer and Scott,
1969). Heddleston and Rebers (1968) reported that active immunity
could be produced in chickens with the oral administration of a killed
P. multocida vaccine. Bierer and Eleazer (1968) used a live attenuated
Serotype 3 P. multocida to immunize turkeys via the drinking water.
This drinking water vaccine provided significant immunity when used
for a 21 day period prior to challenge. Adverse vaccine effects were
not observed. Bierer and Scott (1969) compared drinking water vaccine
administered every 2 weeks with oil-adjuvanted bacterin and found the
former highly superior. Bierer and Derieux (1972a) found the avirulent
strain CS5-148 produced a high degree of protection against a virulent
homologous or heterologous challenge. The injection of a commercial
oil-base bacterin prior to the use of the avirulent vaccine proved

superior to either vaccine or bacterin used alone. The duration of



33

immunity was determined as sufficient for commercial application
(Bierer and Deriehx, 1972b); however, up to 4.2% mortality was reported
from the vaccine (Bierer and Derieux, 1972a, b).

Maheswaran et al. (1973) used a high-temperature mutant (M-2283,
serotype 4). to vaccinate turkey$s by drinking water, endotracheal and
subcutaneous routes. Birds vaccinated by the‘drinking water or
endotracheal routes acquired good immunity to challenge by identical
routes. However, poor resistance to intramuscular challenge was
observed. Turkeys vaccinated intramuscularly were less adequately
protected. Protection against heterologous challenge with representa-
tive strains of Serotypes 1, 3, 5 and 9 Qas observed. No adverse
vaccine effects were reported -im this study.

Heddleston et al. (1975) were able to induce passivé-cross
immunity in chicks and'tukkeys with antiserum from birds vaccinated
with Serotype 12 P. multocida in the drinkiné water. :This indicated
that the cross immunity was humoral in nature. However, no agglutinins
or precipitins were assocfated with the cross immunity. Several
other serotypes were tested. Three of these were found to be-virulent
for 4 week old turkeys; three were not,.

In 1972, Heddleston and Rebers reported on the use of & fowl cholera
bacterin prepared from the liver and blood of a turkey that had died
of acute fowl cholera. The tissues were homogenized in a blender with
0.5% formalinized saline and the particulate debris removed by centri-
fugation. Turkeys receiving two injections of this preparation ex-

hibited 90% protection against a heterologous strain. Mice treated
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similarly were not protected. Heddleston and Rebers (1974) further

studied in vivo propagated bacterins and compared these to in'vitro

grown tissue bacterin. They also inoculated embryonating turkey eggs
and chicken eggs with P-1059 and prepared formalinized bacterins from
each. Other bacterins were prepared with tissues from turkeys, mice
and chickens infected with P-1059, It was found that no significant
cross immunity to strain X-73 could be induced in chicks with bacterins
prepared from strain P-1059 grown on or in media enriched with turkey
tissues. However, turkey embryo bacterin protected 59% and 93% of
turkeys when challenged with strain X-73 by the intramuscular and
drinking water routes, respectively. Créss immunity was slight with
the chicken embryo bacterin and nonexistent with bacterins prepared
from‘infected chicken or mouse tissues. In mice, they found in one
instance, that a bacterin from infected mouse tissue induced 55%
protection to heterologous challenge. Anaphy]actic shock was produced
in mice by a second injection of turkey and chicken embryo bacterins.

Passive protection to a heterologous strain was induced in chickens
with turkey antisera prepared from infected turkey tissue (Rebers et al.,
1975). Turkey antisera prdduced by injection of an agar-grown bacterin
was not cross protective in chickens. Curiously, more antibody was
present in the latter preparation. However, qualitative differences
existed between the two antisera. Antigens extracted from infected
tissues reacted with antisera induced in turkeys by the tissue bacterin.
The IgG fraction of the cross protective turkey antisera was the

major immunoglobulin fraction involved in the cross protection.
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The actual mechanism of immunity to pneumonic pasteurellosis in
cattle has not been extensively investigated. Many workers have
attempted to equate mechanisms elucidated in poultry and mice with
thosg in cattle. Also, attempts have been made to compare infections
with Types B and E in cattle with Type A. These and other factors have
tended to Timit our knowledge. Most of the work to date has centered
on the humoral mechanisms of immunity. |

Collier et al. (1962) studied natural outbreaks of shipping fever
in calves. Both P. multocida and P. hemolytica were found to be
responsible for pneumonic lesions. Blood from calves in the early
stages of shipping fever did not yield significant bacterial growth
in tryptose broth cultures, Thus it would seem that early dissemina-
tion to tissues is not a factor in Pasteurella infection as it is in .
other species (Co]]jns and Woolcock, 1976). Vardaman et al. (1962)
studied the transmission of P. multocida and P. hemolytica in calves.
They found that the bacteria were transmitted very effectively by
contact. Thompson et al. (1975) correlated various physiological and
immune parameters with clinical appearance and post mortem pneumonic
lesions in beef calves suffering from pneumonic pasteurellosis.
Temperatures, plasma fibrinogen levels, and mean numbers of P.
hemolytica recoverable from the nasal cavity were all significantly
increased in affected animals. Numbers of P. multocida in the nasal

cavity were not increased over the period of the study. No significant

differences in antibody titers to P. multocida, P. hemolytica or PI,

were observed between clinically i11 and normal calves. An eosinopenia
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was noted in ¢linically 111 animals.
Extensive investigations have been carried out in other species to

elucidate the role of the immune system in“ Pasteurella infections.

Carter {1964) was able to correlate passive protection to Types B and
E in mice with the indirect hemagglutinating titer of rabbit antiserum.
Thé-antigen,used'to sensitize the human O RBC's was a phenol-extracted
1ipopolysaccharide. Alexander and Soltys (1973) were unable to relate
serum agglutination titers to the level of protection afforded
turkeys. In their study, bacterins of Types 1:A and 5:A protected
tdrkeys; bqt those vaccinated turkeys that died often displayed the
highest agglutinin titers, Serum with a titer of 640 passively pro-
tected turkey poults but toia lesser degree than serum with a piter of
160. They were able to passively protect mice to some extent with

5:A but not with 1:A antiserum.

Bullen et al. (1971) studied the bactericidal effects of rabbit
serum on P, muitocida. The authors found that specific antibody,
complement, and a capacity of the serum to bind iron were all essential
to stasis of bacterial growth. Addition of Fe conta{ning compounds .
to the serum abolished the bacteriostatic effect. Earlier work had
demonstrated that passive immunity to P..multocida could be abolished
by injectfon of iron containing compounds.

Collins (1973} quantitated the growth of P. multocida Serotype
5:A in both normal and vaccinated mice. In normal mice challenged
intraperitoneally, the bacteria were found to spread rapidly to the

liver and spleen via the blood. Numbers of bacteria recovered from
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the blood, 1iver, spleen and peritoneal cavity all rose progressively
until death. Similar situations were observed in mice challenged
intravenously, subcutaneously, and aerogenically although differences
in the fate.of dissemination from the primary site of infection wére
observed. In vaccinated mice chalienged intravenously, bacteria

were rapidly cleared from the blood. Numbers rose slightly by 6 hr.
posf challenge in the Tiver and spleen and-then gradually decreased.
Immunity to intraperitoneal challenge was apparently a direct result
of the ability of the mouse to prevent the spread of large numbers of
organisms to other tissues. Challenge of immune mice via the footpad
resulted in a localization of the inoculum there also. Mice wefe not
able to fesist aerogenic challenge as easily. A 5 to 10 fold increase
in viable numbers of P. multocida occurred in the Tungs over a 24 hr.
period in mice vaccinated with 2-3 doses of heat-killed vaccine.

In a companion study on footpad challenge {Woolcock and Collins,
1976), hyperimmune serum injected 24 hr; prior to challenge was
effective in localizing the infection. The foot area of some mice
developed Targe.abscesses from which large numbers of viable P.
multocida could be recovered. Removal of the draining popliteal
Tymph node 7 hr, prior to the injection of serum did not alter the
results.

‘Survival data and growth curves indicated that a humorally
mediatgd immune mechanism was involved. In the absence of sbecific
opsonjns, more than 90% of the bacteria remained in the extracellular

growth phase. Immune serum was found to increase the rate of
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phagocytosis and reduce the number of noncell-associated bacteria
in=per{tonea1 washouts, However, the numbers of bacteria in such
washouts continued to increase. Addition of penicilliin to prevent
growth of bacteria outside of peritoneal macrophages did not slow

the increase of viable counts. Not even peritoneal macrophages

taken from demonstrably immune mice were able to inactivate a challenge

inoculum in vitro over a 60 minute period. However, in a later study

(Collins and Woolcock, 1976) it was seen that, in animals passively
protected with immune serum, the numbers of viable bacteria increased
up to 60 minutes following challenge and thereafter decreased. When
suspensions of per?toneai and spleen cells were taken from immunized
donors and inoculated into normal recipients, no protection was
observed. |

In another study on the use of adjuvants (Woolcock and Collins,
1976), resistance to aerogenic challenge was increased with bacterins
incorporated into either Freund's Complete or Incomplete adjuvant.
Protection in all cases was found to degrease with an increase in the
challenge dose. Unlike the situation recorded in fowl cholera,
normal mice housed with aerogenically infected mice did not .develop
an infection.

Although it has been generally recognized that immunity to P.
multocida infection is primarily humoral in nature, one report of a
cell mediated assay appears in the l1iterature (Maheswaran et al., 1975).
Using lymphocyte transformation adapted to microtiter plates, they

demonstrated significant responses in turkeys immunized with either an
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oil-adjuvanted bacterin or an avirulent live oral vaccine. They used
heat-killed, washed organisms and free endotoxin (Rebers and Heddleston,
1974) as antigens. In addition they sonicated live bacteria and sepa-
rated the sonicate into insoluble and soluble fractions by differential
centrifugation and used thege as antigens. The sonicated insoluble
fraction gave the highest stimulation index followed by the sonicated
soluble fraction, heat-killed organisms and free endotoxin.

Cell mediated immunity to Type 1 E; hemolytica has been assayed by
measuring delayed skin reactions and macrophage migration inhibition
in mice (Tizard and Ellicott, 1974). The authors were unable to
demonstrate delayed skin hypersensitivity in the footpads to either
Tipopolysaccharide or EDTA extracted lipoprotein. An Arthus-type
reaction was observed at 2-6 hours post infection, however. Migration:
inhibition was performed on pooled perftoneal macrophages from 5 days
post infection, was 44% at ten days then returned to insignificant
levels at 25 days. Inhibition of macrophage migration by the
Tipoprotein antigen was observed at 5 days and increased steadily
throughout the observation period, At the end of the 25 day period
inhibition was 80%. The authors concluded that some type of cell

mediated response did occur in mice infected with P. hémolytica. -
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MATERIALS AND METHODS

Bacteria

Two strains of Pasteurella multocida were utilized throughout this

study. The majority of the experimentation was conducted with P-2383,
isolated from a case of bovine pneumonia presented to the Veterinary
Diagnostic Laboratory, Iowa State University, Ames, Iowa in 1977.

This isolate was culturally and biochemically typical of the species.
Subsequent typing revealed it to be a Type A (Carter's typing system).
The second isolate utilized was P-1062, also a Type A, kindly provided
by Philips Roxane, Inc., St. Joseph, Missouri. Each strain was stored
in a lyophilized form. In addition, a broth culture of each strain was
inoculated into the yolk sac of 6-day-old embryonating chicken eggs.
Following incubation at 37° C for 18 hr., the yolk material was
aseptically removed and frozen in aliquots at -70° €. Individual aliquots

were thawed and streaked on the 5% bovine blood agar plates (BAP).

Following incubation at 37° C for 18 hours, individual colonies were picked

for further cultivation,

Organisms were cultivated in 1iquid media consisting of brain-heart
infusion brothl(BHISY) with 5% sterile normal bovine serum (NBS) and
0.5% yeast extract. Where large batch grthh was undertaken, cultures

were aerated in a 5% CO,-air mixture,

Experimental cattle

.The first group {Group I) consisted of four, 7-8 mo. o1d Holstein-
1

Difco, Detroit, MI. .
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Fresian bulls weighing approximately 500 1b. These calves were main-

tained in stalls in a controlled-temperature environment for the duration
of .the experiment. The second group (Group 2) consisted of 10 crossbred
Angus heifers and steers approximately 6 months of age and weighing 350-
500 Tbs, These animals were maintained in outdoor confinement facilities.

The calves in this group were de-wormed with 1evamiso1e,] treated twice
3

for coccidia with Bovo Cox,2 given two injections of vitamins A and D3

4 Nonelof the animals in either group

and vaccinated against blackleg.
exhibited any évidence of respiratory disease. Serum sanples were taken
upon arrival and just prior to participation in the investigation. The
sera were analyzed for the -presence of antibody to P. multocida by
indirect hemagglutination tests.

Additional groups of cattle were studied in the early stages of
this work. These animals were from herds having respiratory disease iﬁ —
which a Type A P, multocida was isolated. These cattle were used

as a source of serum and for Tymphocyte blastogenesis studies. Cattle

for antiserum production were borrowed from another research project.

Animal Inoculation

Attempted sensitization of cattle was carried out by a variety of

methods. Calf #5 had been injected 8 weeks previously with Freund’s

]
2

Pitman-Moore, Inc., Washington Crossing, NJ.
International Multifoods Corp., Minneapolis, MN.
3Med Tech, Inc., Elwood, KS. i

4Fer‘micon 7, Bio Ceutic Laboratories, St. Joseph, MO.
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1 subcutaneously. For this study, an intravenous

complete adjuvant
injection containing 2 ml of a tube 10 McFarland suspension of heat-

killed P-2383 mixed with 10 mg of ground'MXCObaCtErium tuberculosis

H-37 RA] was administered intravenousiy in one dose. Calf #7 re-

ceived a suspension consisting of freeze-thawéd viable P-2383 adjusted

to tube 10 McFarland incorporated in a ratio of 1:1 in Freund's

complete adjuvant. One mi of this suspension was fnjected subcu-

taneously in each of two sites in the neck. Calf #61 received a

singie 7 mg (protein) dose of RNA-protein incorporated in Freund's

complete adjuvant; the 2 ml volume was given subcutaneously in two

sites. Calves 64, 68, and 71 were given two intradermal injections

of the RNA-protein ten days apart in multiple (at least four) sites.

The dose varied from 4.8 to 12.0 mg on a protein basis. Calves 56,

62, and 67 were given two intradermal injections of the crude

ribosome (CR) fraction at 10-day intervals in multiple sites. The dose

varied from 2.9 to 6.0 mg protein. Calves 3, 55, 57, 61, and 72 received |
0.5 ml of a viable whole broth culture of P-2383 intradermally in two
" sites at 10 day intervalé. The rectal temperature of calf #3 was
monitored daily, but the other calves were closely observed only.

Calf #61 was included in two treatment groups, but the treatments were
separated by several months. Calves 2, 5 and 64 served as controls

at various times during this work.

Difco, Detroit, MI.
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Production of antiserum

Antisera were produced in cattle by two methods: 1) Mature
Holstein-Fresian steers were injectéed subcutaneously with 2 ml of
heat-killed P-2383 adjusted to a density of tube #4 McFarland and
incorporated in aluminum hydroxide gel.T Six injections were given
at one week intervals and serum coliected two weeks following the
final injection. 2) Viable whole cultures were injected in a very
Tow dose intradermally for two injections followed by six intravenous
injections of the same material. The amount injected intravenously.
increased from 1 m1 to 5 ml of a heavy growth given at 3 day intervals.
This procedure resulted in an increase in rectal temperature and rapid
respiration subsequent to each injection. The calf was bled two
weeks following the last injection.

A third antiserum used in this work was provided by Philips Roxane.
The serum was obtained from cattle hyperimmunized with 1live Pasteurella

multocida P-T062.

Bacterial fractions

- Potentially antigenic fractions were isolated from P. multocida by
a variety of procedures.

Crude Ribosomes (CR} and Ribosomal Supernatant (SR). Crude ribosomes

were isolated from P-2383 grown for 5-6 hours in BHISY and harvested

]Mann Research Laboratbries, Inc., New York, NY.
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by centrifugation at 10,000 g for 30 minutes at 5° C. Cells were
washed ‘three times in sterile 0.15 M phosphate buffered saline (PBS)
pH 7.4 and resuspénded in cold sterile 0.01 M Tris-HCI buffer
(Tris[hydroxymethyl] aminomethane)] containing 5 X 1073 M MgC]Z. The

2‘with a nitrogen

cells were disrupted in a Ribi Cell Fractionator
cooled valve at 40,000 to 60,000 Psi and collected in a cold slush of
Tris buffer. Cellular debris and whole cells were removed By centrifu-
gation at 27,000 g for 1 hr; at 5° C. The supernatant fluid was .
centrifuged at 65,000 g for 1 hr. at 5° C. The pellet was discarded

and the supernatant’ fluid passed through a 0.45 um sterile Falcon
“Fﬂter'.-3 The filtrate was: centrifuged at 108,000 g for 3 hr, at 5° C.
The supernatant f]uid was aspiratéq and saved., The pe]lef was gently
resuspended in T}is-H01-MgC12 buffer. The pellet constituted the

crude ribosgmes (CR) and the supernatant fluid was desiénated (SR)

The CR and SR fractions were stored in aliquots at -70° C. In addition,
the SR frd;tion was conceptrated 16-fold in a dialysis casing by
app]jcation'of Acquacide iI4 to the exterior of the casing. The
concentrated SR was then applied to a column containing Sephadex

G-2005 in a .02 M Tris buffer with 1% sodium azide to retard bacteria]I

ISigma Chemical Co., St. Louis, MO,
21yan Sorvall, Inc., Newtown, CT.
3Fa1con Plastics, Los Angeles, CA.
4Ca]biochem,‘LaJo-ﬂa, CA.

" Opharmacia Fine Chemicals, Uppsala, Sweden.
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growth. Fractions were co]]eéted and analyzed for protein content by
the Bio-Rad assay] and absorbance at 260-280 MMi The fractions were
analyzed in the gel diffusion precipitin.test against bovine anti-

P-2383 antiserum.

Crude ethanol precipitated”RNA4proteiﬁ '

Crude ethanol precipitated RNA-protein was prepared by a modifica-
tion of the method of Smith and Bigley (1972). The bacteria were
processed by the same procedure used for isolation of the CR and SR
fraction up to and including the filtration following the 65,000 g
centrifugation. The-fi]trate was brought to 0.1 M sodium concentration
by the addition of NaCl. Two volumes of coid (-20° C) 95% ethanol were
added dropwise in the cold. The mixture was left at -205 C for 24 hr.
to allow precipitation of the nucleijc acids and protein. The mixture -
was centrifuged at 10,000 g for 10 min at 0° C, The supernatant
fluid was discarded énd‘the precipitate allowed to dry by evaporation
at -20° C. The precipitate was resuspended in & minimal amount of |
Tfis—HC]—MgC]2 buffer and stored at -70° €. Aliquots of this material
wére dried inh vacuo and stored at -20° C.

For use in lymphocyte transformation, the CR, SR and RNA-protein

fractions were diluted in Medium-199 (M-199)2 containing 5 X 10'3

TBio-Rad Laboratories; Richmond; CA.

2G1BCO, Grand Isiand, NY.
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M MgCl,. Aliquots of diluted material were frozen at -70° C and

fresh aliquots were used daily.

Ribosomal protein

Ribosomal protein-waé ektractéd by the method of Fogel and
Sypherd (1968). Briefly, P-2383 was grown, washed and disrupted as
for- production of the CR fraction. The cellular disintegrate (200 m1)
was precipitated with 42 grams of solid ammonium su1fate (NH4)2SO4 '
; and centrifuged at 25,000 g for 10 minl at 0° C. Another 42 grams of
(NH4)2504 was stirred into the supernatént fluid and mixed fgr 3 min.
at 0° C and the pellet resuspended in 200 ml of Tris-HC]-MgC]2 puffer.
To the resuspended péllet, 42 g of (NH4)ZSO4 were added followed by
céntrifugatibn. An additional 77 g of (NH4)2504 were added to the
supernatant fluid. Following centrifugation the last two pellets
containing crude ribosomes were resuspended in Tris-HC]-MQC]2 buffer
and combined, These were analyzed for protein'and RNA content. To
extract ribosomal protein, 2.3 mi of the crude (NH4)2504 precipitated

T in an ice bath

ribosomes were mixed with 5 volumes qf 2-chloroethanol
at 0° C. HC1 was added to a final concentration of 0.06 N. The
mixture was held at 0° C for 2 hr.-with periodic mixing in a hand
homogenizer.. It was centrifuged at 5000 g for 10 ﬁin. at 0° C and the
supernatant fluid dialyzed against several changes of PBS (pH 7.4)

for 72 hr. at 5° C. The dialysate was centrifuged at 10,000 g for

. 1Fisher Scientific, Fairlawn, NJ.
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20 min.. The pellet was stpended in 5 ml Hanks balanced salt (HBSS)]
and hrotein%and RNA content analyzed by the Bio-Rad and Orcinol

procedures respectively.

Saline extracted capsule

Saline extracted capsular antigen was prepared by a quificatioﬁ
of the method of Penn and Nagy‘(1974). Bacteria were grown on
" dextrose starch qgérz and incubated for i8 hr. at 37° C. They were
washea-off the agar with;2.5% (W/V) .sodjum chloride. The resulting
suspension was céntrifuged at 27,000 g for 1 hr. The supernatant
fluid was-baSsed through a 0.45 pm membrane filter, dialyzed for 3 days
againsf several-changes of distilled water at 5° C and freeze-dried

to yié]d the saline éxtract.

Phenol extracted endotoxin

Phenol_extracted endotoxin.ﬂas prepared by a modification of
the method of Westphal and Jann (1965), Cells were grown in BHISY
for 18 hr. and harvested by centrifugation at 8,000 g for 30 min..
The cells were washed three times in sterile PBS (pH 7.4) and
resuspended in sterile distilled water, The cells were mixed for

8 min, at medium setting in a Waring Blender with 2 volumes of

Tg1B€0, Grand Island, Y,
ZDifcd,kDetroit, MI.
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reJistif]ed phenol at 25° C. The material was cooled to 20° C

and centrifuged at 4000 g for 20 niin. The.aqueous phase was removed
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. The materjal was concentrated in a dialysis qasing
using Acquacide II followed by centrifugation at 108,000 g for 2 hours.

The pellet was resuspended in PBS and stored frozen at -70° C.

Trichloroacetic acid-extracted antigen

The trichioroacetic acid (TCA) extraction was performed by .a
modification of the method of Boivin and Mesrobeanu (1935). P-2383 was
grown in BHISY at 37° C for 18 hours., The bacteria were concentrated
by centrifdgation at 8000 g for'30 min. at 5° C and washed three times
in PBS. The cells were resuspended in PBS and an equal volume of
cold 0.5 N trichloroacetic acid was added with mixing. The tempera-
ture of the mixture was maintained at 5° C for 3 heurs. It was
warmed to 25° C and centrifuged at 8000 g for 30 min. The supernatant
fluid was brought to pH 6.5 by the addition of NaOH and cooled to 0° C, -
Two volumes of 95% ethanol at -20° C were added and the mixture was
allowed to precipitate overnight at -20° C followed by centrifugation
at_4000 g for 30 min. at -4° C. The precipitate was dissolved in
a minimal amount of distilled water and dialyzed-against 8 changes of
distilled water for 4 dayé. The dialysate was centrifuged at 30,000 |

g -to remove any debris. The antigen éompTex was -pelieted by
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centrifugation at 105,000 g for 2 hr, at 5° C. The precipitate was
suspended in a minimal amount of distilled water. This material
was stored frozen at ~20° C and diluted in M-199 for use in lymphocyte

transformation.

Heat-extracted capsule

Heat-extracted capsular material was prepared from broth-grown
cultures of.P-2383 and P-1062. The bacteria were grown in 250 ml
BHISY, washed three times in PBS, pH 7.3 and resuspended in 10 m1 of
PBS. They were heat-killed in a water bath at 60° C for one hour and
centrifuged for 30 min., at 4000 g to remove intact cells. The
supernatant fluid was dialyzed for 3 days against 6 changes of distilled
water at 5° C and frozen in aliquots at -70° C. For use in lymphocyte
transformation, the heat-extracted capsule of P-2383 was suspended in
M-199, The heat extracted capsules of both P-2383 and P-1062 were

" utilized in the indirect hemagglutination tests,

Crude polysaccharide

Crude polysaccharide was prepared from spent media remaining after
growth of P-2383 in BHISY and following centrifugation to remove the
bacteria. A 10% solution of hexadecyl trimethylammonium bromide

(Cetav'lon)1 in distilled water was added to the spent media at a

]Eastman Chemical Corp., Rochester, NY.
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for 6 hr. and then allowed to stand without stirring for 24 hours.

The precipitate.was collected by centrifugation at 8000 g for 20 min.
The tan, gelatinous pellet which resulted was resuspended in 0.9 M
CaCI2 anﬁ mixed at medium speed on a Virtis homogenizer until all
material was in suspension. It was warmed to 56° C and held there
for 1 hr. and then cooled to 5° C. The nucleic acids were pre-
cipitated by the addition of cold absolute ethanol (-20° C) to a final
concentration of 25%. This was followed by centrifugation for 30 min.
at 20,000 g and 0° C. The supernatant fluid was treated with 1.5
vo]ﬁmes of absolute ethanol at -20° C f011owed by centrifugation at
10,000 g for 36 min. at 0° C. The supernatant fluid was poured off
and the pellet allowed to dry at -20° C. The dried pellet was
resuspended in distilled water and homogeniied. It was warmed to

56° C for 3 hr., to enhance its solubility in water and fhen dialyzed
against four changes of distilled water. The crude polysaccharide
was concentrated to 1/3 its original volume with Acquacide II

applied to a dialysis casing. Any precipitated material was removed
by centrifugation at 20,000 g for 30 min. followed by filtration
through a Whatman #31 filter. The resulting material was designated
crude polysaccharide and stored in aliquots at -20° C. Samples were

diluted in M-199 for use in Tymphocyte transformation.

Fractions of bacteria grown 'in M=199

P-2383 was also grown in M-199 at 37° C for 24 hours. The 1light

growth obtained was centrifuged at 27,000 g for 1 hr. to pellet the
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bacteria. The supernatant fluid was stored in aliquots at -20° C.
Dilutions of this material in M-199 were used directly in Tymphocyte
blastogenesis. The bacterial pellet was heated for 1 hr. at 60° C.
Five volumes of M-199 were added and the mixture centrifuged at
10,000 g for_20 min. Dilutions of the supernatant fluid were stored
at -30° C and used in lymphocyte blastogenesis. The whole cells
remaining in the pellet were re-suspended in M-199, stored and used

identically to the two previous fractions.

Free endotoxin

Free endotoxin was isolated from the spent media of a 10-12 hr,
growth of P-2383 in BHISY, Bacteria were separated from the medium

by filtration in a cassette filtration system1

and the supernatant
fiuid concentrated in the same system using a filter with a Tower
moTecular weight cutoff 6f 100,000 daltons. The concentrated material
was centrifuged at 108,000 g for 2 hr; at 5° C. The pellet was
resuspended in .01 M Tris-HC1 buffer and washed twice. The resulting

pellet was frozen at -70° C and lyophilized. For use in lymphocyte

blastogenesis, the material was resuspended in M-199,

Analysis of bacterial fractions

Antigens utilized in this work were analyzed for dry weight,

TMiﬂiporeCorporation, Bedford; MA.
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on 1) lyophilized samples or 2) aliquots of material dried in an oven
at 75° C for 48 hours. Protein was estimated using 1) the Bio-
Rad Protein Assay1 with bovine serum albumin (Cohn fraction V)2 as
a standard, and/or 2) absorbance at 260-280 nm.

Carbohydrate was analyzed by the phenol-sulfuric acid method
(Dubois et al., 1956) using glucose as a standard. RNA analyses were
performed by: 1) the orcinol method using yeast ribonucleic acid,2

3 was utilized to esti-

and/or 2) absorbance at 260-280 nm. A nomograph
mate protein and RNA content from the absorbance readings at 260-

280 nm,

Serological tests

Gel diffusion precipitation Gel diffusion precipitin tests

were carried out in 1% agarose4 gel in PBS containing 3 mg sodium azide
per ml to retard bgcterial growth. Antigens and antisera were placed
in appropriate wells and incubated in a moist environment at room
temperature for 3 days. Immunoelectrophoresis was carried out in
commercial immunoelectrophoresis plates (IEP system).5 Antigens

were added to wells and electrophoresed at 8 ma/plate for 20 min.

Sera were added to the troughs and the plates incubated in a moist

1Bio-Rad Laboratories, Richmond, CA.

2Sigma Chemical Co., St. Louis, MO,

3California Corporation for Biochemical Research, Los Angeles, CA.
4schlesinger Chemical Mfg. Corp., Carle Place, NY.

SILC Scientific, Fountain Valley, CO.
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environment at room temperature for 48 hours. Following this, they
were soaked in 0.85% saline for 18 hr. and in distilled water for

2 hours. Films were stained 5 min. with Amido Black 10B, rinsed

3 min. in 5% acetic acid, and dried at.75° C in a drying oven.

When dry, the films were rinsed in 5% acetic acid and c1eargd in
fresh 5% acetic acid for 20 min. The films were dried and examined.

Indirect hemagglutination tesfs : Indirect hemagglutination

was used to quantitate antibody to various fractions of P-2383 and
P-1062. Briefly, sheep red blood cells (SRBC) were washed thrge
times in .0T M PBS pH 7.2, To 0.1 ml of SRBC, the proper amount of
antigen w&s added and the total volume brought to 2.0 ml with PBS.

1 solution in PBS were added

Two tenths ml of a 1% glutaraldehyde
with'mixing. The suspension was incubated at room temperature

for 30 min.vwith periodic mixing. The SRBC were washed three times
in PBS and resuspended 1ﬁ PBS containing 1% normal rabbit serum
(PBSR) whi;h had been inactivated by heating at 56° C for 30 min. and
absorbed with an equal volume of washed SRBC. Sera to be tested
were heat-inactivated and absorbed with washed SRBC. Dilutions of
sera were made in PBSR in microtiter p1ates.2 One drop of antigen-

sensitized SRBC was added to each well. Titers are recorded as the

reciprocal of the highest dilution showing agglutination.

lSigma Chemical Co., St. Louis, MO.

%l inbro, Flow Laboratories, Inc., Hamden, CT.
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Lymphocyte blastogenesis

For the performance of lymphocyte transformation, venous blood
was co]]e&ted aseptically in acid-citrate-dextrose solution (ACD).
ACD solution was prepared by mixing 2210 g trisodium citrate, 8.0 g
citric acid and 25.0 g dextrose in 500 m] tissue culture grade
water. The solution was sterilized by autoclaving at 121° C for 17
min. and stored at 5° C. The blood was diluted 1:2 with 0.01 M

L in 50 ml1 siliconized

PBS (pH 7.3) and layered over Histopaque-1077
glass tubes. The tubes were centrifuged at 500 g for 45 min. The
buffy coat cells were removed and washed twice in HBSS without catt
and Mg++. The cells were counted and a Wright's-stained smear
examined for a differential count. The lymphocytes were standardized
to a concentration of 2 million per ml with addition of M-199 con-
taining 25 mM Hepes, Earles salts, L-glutamine, 5% fetal bovine serum2
(FCS), NaHCOg, 100 U/ml procaine penicillin & and 100 ng/ml dihydro-
streptomycin su]fate.2 One-teﬁth ml (200,000 lymphocytes) was added
to each well of a plastic tissue culture multi-well p'late.3

Mitogens or antigens diluted to the proper concentration in M-199 were

added dropwise in 0.025 ml quantities to triplicate wells.

]Sigma Chemical Co., St. Louis, MO.

2Grand Island Biological Co., Grand Island, NY.

3F1ow Laboratories, Inc., Hamden, Conneticut.
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Phytohemagg]utinin-P1 and concanavalin A2 served as mitogens to
insure the immunological competence of the 1ymphocyte cultures. The
plates were incubated at 37° C in a moist environment containing
approximately a 5% 002: Air mixture. After 96 hr., each well was

3

pulsed for 18 hr. with 0.25 uCi.tritiated thymidine.” Cells.were

4 and collected on filter

harvested with a multiple well harvester
pads. The pads were dried, placed in vials containing scintillation
fluid and counted in a liquid scintillation counter.5

Stimulation indices were calculated by dividing the mean number
of counts for each mitogen or antigen treatment by the mean of the
control well counts. The 10910 of the stimulation indices was also

calculated. Statistica]uanalysis was performed on the 109]0 values

by the analysis of variance procedure (Snedecor and Cochran, 1967).

TDifco, Detroit, ML

?Mi]es Laboratories, Inc,, Kankakee, IL.
3New England Nuclear, N, Billerica, MA.
-4Flow Laboratories, Inc., Rockville, MD.

5Packar-d Instrument Co., Des P]aines; IL.
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RESULTS

Table 1 summarizes the chemical characterization of the antigen
preparations of P. multocida utilized in this investigation. The
antigen preparations were analyzed for protein, carbohydrate and
ribonucleic acid (RNA). The quantity of material obtained is listed
on a dry weight basis and presented either as milligrams per milli-
Titer or total yield per liter of whole broth culture. The percent pro-
tein in each fraction was measured by two separate methods: 1) Bio-Rad
Protein Assay (BR) with bovine serum albumin (Cohn fraction V) as a
standard and 2) by absorbance dt 260-280 nm. Neither procedure was
completely satisfactory and Targe discrepancies were noted. Given
the diverse.nature and complexity of many of the preparations, no one
assay may be suitable for all preparations. The RNA content of the
fraction was measured by two methods: 1)} orcinol assay and 2) ab-
sorbance at 260-280 nm, Llarge discrepancies also existed between
these two agsays and neither one was valid for all the fractions.

Total carbohydrate was measured for each fraction by the phenot-
sulfuric aéid method using glucose as a standard. Where replicate
preparations were made, values given are mean values for the replicates.

TCA extraction of P-2383 resulted in a very small yield of
material. Because of the extremely small yield, this antigen was not
fully characterized and was only used in lymphocyte transformation
experiments. Ten-fold dilutions of the concentrated material obtained

by resuspension of the ultracentrifuged extract were made; The material

 — e e —— —————— _



Table 1.

Concentration, chemical composition and yield of isolated fractions of Pasteurella

. multocida. Where applicable, dry weights were obtained by drying a tared sample in an

oven at 75° ¢ for 48 hours. Protein was analyzed by 1) Bio-Rad Protein Assay using
bovine serum albumin (Cohn fraction V) as a standard and 2) Absorbance at 260-280 nm.
RNA measurement was performed by 1) orcinol assay using yeast ribonucleic acid as a
standard and 2) absorbance at 260-280 nm. Carbohydrate was analyzed by the phenol-
sulfuric acid method using glucose as a standard. The average yield per liter of broth
culture was calculated for each antigen except the P-2383 saline-extracted capsular
antigen, This was prepared from cells grown on solid media. The figure given for this
antigen represents the average yield per Roux flask.

Toncen- Percent
) tration Percent Protein Percent RN@ Carbo- a . b
Fraction mg/m!  Bjo-Rad 260-280 Orcinol 260-280 hydrate™ Yield
CR #3 26.6 . 33.8 150.0 13.0 48.8 8.5 80
RP #4 80.0 32.0 140.0 15.5 35.0 9.7 500
SR 8.9 31.0 31.0 36.0 10.0 9.5 300
R-Protein 90.0 0.1 27
Crude Polysaccharide 5.9 13.6 34.0 59.0 3.0 22.0 30
Endotoxin (Phenol) 6.5 3.1 51.0 50.8 4.0 27.3 10
Endotoxin (Free) 32,3 106.0 2.0 6.2
Capsule (Saline X) 6.0 5.7 20.0 9.8 15¢
~Capsule (Heat X) 10.1 5.9 - 32,0 13.9 2.9 7.9 . 280
Capsule (Heat X)¢ 6.1 65 . 34.0 8.0 8.4 20,0 100

aPheno]—sulfur‘ic acid method

b

mg dry weight per Titer medium

°mg dry weight per Roux flask
dPasteurella,mu]tocida 1062 -

LS
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was found to suppress the incorporation of tritiated thymidine into
cultures of bovine peripheral blood Tymphocytes at dilutions of
1:10 to 1:100. In no instance was the material observed to stimulate

1ymphocytes in in vitro culture.

Preparation from M-199-grown bacteria

P-2383 was found to grow in M-199 and produce a slight turbidity.
This amounted to approximately 108 viable bacteria per ml. Centrifuga-
tion of this bacterial suspension resulted in a substantial pellet
and a clear supernatant. ﬁeating the pellet at 60° C for 1 hr.
followed by addition of M-199 and centrifugation yielded a smaller
pellet and a turbid, viscid supernatant. DiTutions of the two
supernatants and the washed pellet from the heat killed bacteria were
made in M-199, The use of these materials in lymphocyte blastogenesis
in early stages of the investigation resulted in no stimulation.

High concentrations were observed to be toxic. These preparations
were not studied further as they offered no advantage over other -
antigenic preparations.

In the preparation of subcellular fractions (CR, SR and RNA-
protein) of P-2383, concentration of the live bacteria by centrifuga-
tion resulted in a loose easily disrupted pellet. High speed centri-
fugation up to 30,000 g was found to be necessary to concentrate the
bacteria to a relatively small volume. A true peliet was not ob-
tained even at this speed., Several batches of material were prepared.

Fractionation of the bacteria in the Ribi Cell Fractionator resulted
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in a 1ight gray to amber material. Considerable foaming of the
fractionated material was always observed. Examination of gram-
stained smears of this material revealed cellular debris and a
quantity of intact bacteria. Centrifugation of the fractionated
material at 27,000 g resulted in a gray-amber supernatant and a white
gelatinous pellet. The pellet was extracted with phenol by the
Westphal procedure to yield a Tipopolysaccharide preparation.

The difficulty experienced in pelleting viabTe P. multocida
necessitated some means to ensure the absolute absence of viable
bacteria in any of the subcellular fractions. Filtration through a.
0.45 um filter wés performed with difficulty. Centrifugation of the
supernatant at 65,000 g for -1 hr. removed & thick gummy material which
was presumed to be DNA. The supernatant fram this centrifugation
reédi]y passed through a sterilizing fi1ter.' Centrifugdtion of the
filtrate at 108,000 g for 3 hours resulted in a relatively clear
to yellow supernatant and a tan, gummy pellet. The stupernatant
material was designated SR and the crude ribosome pellet was designated
CR. Following an overnight soaking in Tris HC]l-MgCI2 buffer at 5° C,
the pellet (CR) was resusbended by gentle pipetting.

An average total yield of 80 mg/liter of broth culture on a dry
weight basis was obtained for the CR fraction. This preparation
contained approximately 34% protein (BR), 13% RNA (orcinol) and 8.5%
carbohydrate. This preparation is assumed to have large quantities
of material which were not measurable by the given assays. Measurement

of protein and RNA at 260 .and 280 nm was obviously not valid as a
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reading of 150% of the dry weight was obtained.

The supernatant from the ribosomes (SR) which remained following
centrifugation at 108,000 g yielded approximately 300 mg (dry weight)
per liter of whoie'broth culture. It contained 31% protein by both the
Bio-Rad and absorbance assays. The RNA content was found to be 10%
(absorbance) or 36% (orcinol). The orcinol assay is known to be
invalid in the preserice of bacterial polysaccharide. The SR fraction
wés composed of 9.5% carbohydrate.

A 40 m1 (94 mg protein) quantity of the SR fraction was concentrated
in a dialysis casing to 2.5 ml using Aquacide II. The resulting
concentrate was applied fo a Sephadex G-200 column and fractions
collected in 40 drop quantities. Aliquots were examined for absorbance
at 260 and 280 nm. It was observed that a somewhat uniform distribution
of the components of the SR fraction occurred. When applied to the gel
diffusion precipitin test however, two distinct antigens were observed
to be present. These antigens came off the column close together but
were readily separabfe. The first antigen to come off was composed of
approximately 9 mg protein, It gave a single sharp band in gel
diffusion precipitation. The second antigenic fraction contained
approximately 12 mg protein and géve a more diffusé band in gel i
diffusion precipitation. Immunoelectrophoresis of the concentrated SR
material revealed, however, that the SR fraction actually contained
three distinct antigenic mojeties and not the two revealed on gel
diffusion precipitation. .Further attempts to separate these

components were not made,
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The RNA-protein material was prepared from the disrupted bacterial
mass following centrifugation at 65,000 g for 1 hr. The RNA-protein
fraction was obtained in a yield of 500 mg (dry weight) per liter of
broth culture, It contained between 25% and 40% protein (BR), 15%
{Orcinol), and 10% carbohydrate. Absorbance at 260-280 nm was
observed to be inaccurate for a protein measurement. Lyophilization
of the RNA-protein méteria] yielded a pellet which was readily

soluble in warm distilled water.

Ribosomal protein

Extraction of crude ammonjum sulfate precipitated ribosomes with.
2-chloroethanol and subsequent dialysis of the supernatant resulted
in a flocculent precipitate. Upon centrifugation to pé]]et the
flocculent material, it was found that the pellet contained essentially
all of the protein associated with the original ribosomes and a trace
amount of RNA., The supernatant was devoid of both protein and RNA.

A total yield of 27 mg protein (BR) per Titer of broth culture
was obtained with the ribosomal protein. A1l attempts to resolubilize
the protein material were unsuccessful. It was therefore deemed to
be of Tittle value in 1ymphocyte transformation, immunoelectrophoresis,

and gel diffusion precipitation,

P-2383 crude polysaccharide

P-2383 crude polysaccharide was recovered from the spent media

of broth cultures of P-2383 in a yield of 30 mg (dry weight) per liter.
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This material was composed of 13.6% protein (BR) or 34% protgin
absorbance. RNA content was 34% (absorbance) or 50% (orcinol).

Total carbohydrate was 22%.

P-2383  heat-extracted capsule

The heat-extracted capsule of P-2383 was recovered in a yield of
280 mg (dry weight) per liter of broth culture. Both this and the heat-
extracted capsule of P-1062 were a creamy white in color. It was
composed of 5.9% protein (BR) or 32% protein (absorbance).. RNA content

was 14% (orcinol) or 2.6% (absorbance). Total carbohydrate was 7.9%.

P-1062 heat-extracted capsule

P-1062 heat-extracted capsule of P-1062 was recovered at a
rate of 100 mg (dry weight) per liter of broth culture. It contained
6.5% protein BR) or 34% protein (absorbance). The RNA content was

88% (orcinol) or 8.4% (absorbance). Total carbohydrate was 20%.

P-2383 phenol-extracted endotoxin

P-2383 phenol extracted endotoxiﬁ was recovered at a rate of 10
mg (dry weight) per Jiter of broth culture. Total protein wa§ 3.1%
and 51% as measured by the Bio-Rad Assay and absorbance at 260-280 nm
respectively. RNA content was 51% {orcinol) or 3% (absorbance). It
must be presumed that the absorbance readings for protein content
are invalid for this preparation, Attempts to use lyophilization

instead of ultracentrifugation to concentrate this fraction led to
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an inferior preparation. The lyophilized material was poorly
soluble, essentially nonreactive in IHA tests, and completely non-

reactive in gel diffusion precipitation.

P-2383 saline-extracted capsule

The saline-extracted capsule of P-2383 was recovered at a rate
of approximately 15 mg (dry weight) per Roux flask. It was somewhat
insoluble following Tyophilization. Resolubilization was accomplished
by suspension in saline, HBSS, or M-199 followed by incubation at
37° C for 5-18 hr. This preparation was approximately 6% protein
(BR and absorbance). The RNA content was 20% (orcinol) or 9.8%

(absorbance).

P-2383 free-endotoxin

P-2383 free endotoxin was obtained in a yield of 50 mg (dry
weight) per liter of broth culture. This preparation was a light
brown in color reminiscent of the BHISY in which it was grown. It
appears that significant amounts of media constituents may have
contaminated it. It contained 32% protein (BR). Protein content
was 106% by absorbance which is obviously invalid. RNA content

was 2.0% (orcinol) or 6.2% (absorbance)

Indirect hemagglutination

The antigenic preparations found to be of use in the indirect
hemagglutination test were: 1) P-2383 phenol-extracted endotoxin,

2) heat-extracted capsular material from P-2383 and P-1062, 3)



64

P-2383 SR and 4) P-2383 crude polysaccharide.

1) Phenol-extracted endotoxin from P-2383 was readily coupled to
SRBC by treatment with 1% glutaraldehyde. A 260 ug (dry weight)
quantity suspended in 2.0 ml optimally sensitized SRBC. The
results of this test were read at 2 hr. and again at 18 hours.
The agglutination patterns were very stable with this antigen
preparation and no significant differences were observed be-
tween the two readings,

2) The heat-extracted capsular antigen from P-2383 optimally sen-
sitized SRBC at a concentration of 4.0 mg (dry weight) in a
reaction volume of 2 mi. The heat-extracted capsule of P-1062
was optimally sensitizing at a concentration of 0.6 mg (dry
weight). Both antigens coupled readily to SRBC when 1% glutar-
aldehyde was used as a coupling agent. Agglutination patterns
were read at 2 hours. This gave the most distinct pattern for
endpoint determinations. By 18 hr. the titers had decreased
significantly and patterns were difficult to interpret.

3) The P-2383 SR antigen optimally sensitized SRBC in quantities
of 2.0 to 2.3 mg (Protein basis, BR assay) in a reaction volume
of 2.0 ml. Increased concentrations of this material resulted
in a significantly decreased titer caused by hemolysis of the
SRBC. The results of the IHA test with the SR antigen were
read at 2 hours. Significant decreases in titer were
observed at 18 hours.

4) Crude polysaccharide optimally sensitized SRBC at a concentra-

tion of 3.5 mg in a 2.0 ml reaction volume. Agglutination was
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read at 2 and 18 hours, Either the sensitivity of SRBC
sensitized with this antigen was poor or 1ittle antibody is

formed in cattle against it.

Attempts to sensitize SRBC with other antigenic preparations

Lyophilized preparations of P-2383-saline-extracted capsule, P-2383
free endotoxin and P-2383 phenol-extracted endotoxin were found tolbe un-
satisfactory for the IHA test. An occasional low titer was observed
with hyperimmune sera.

Attempté to use the P-2383 CR and RNA-protein preparations in the
IHA tgst were unsuccessful, A low titer was observed with hyperimﬁune
sera. Significant hemolysis of SRBC occurred when these preparations
were added to the reaction mixture. For this reason, experimentation

with these fractions for use in indirect hemagglutination was Timited,

Indirect -hemagglutination titéers of hypérimmuné ¢attle seéra

The indirect hemagglutination titers of the hyperimmune sera used
in this investigation are presented in Table 2. The three sera
utilized throughout thjs investigation were produced in cattle by: 1)
multipTe intravenous injections of viable P-2383, 2) multiple subcu-
taneous injection of heat-killed P-2383 incorporated in aluminum
hydroxide gel, and 3) multiple intravenous injections of viab1e P—1062
The titers are expressed as the inverse of the highest dilution of
serum giving significant agglutination.

Repeated intravenous inoculation of calf #3 with viable cultures

of P-2383 resulted in relatively high titer serum. A titer of 320 was
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Table 2. Indirect hemagglutination titers of hyperimmune sera against
antigens isolated from Pasteurelia multocida, Sera were
produced by 1) multiple intravenous injection of viable P-2383,
2) multiple subcutaneous injection of heat-killed P-2383, and
3) multiple intravenous injection of viable P-1062. Sheep red
blood cells were sensitized with: 1) P. multocida P-2383 heat-
extracted capsule, 2) P-1062 heat-extracted capsule, 3) P-2383
SR antigen, 4) P-2383 phenol-extracted endotoxin, and 5) P-2383
crude polysaccharide. Titers are presented as the inverse of
the highest dilution showing positive agglutination. Values
represent the highest titers attained by the respective
immunization procedures.

JImmunization P-2383 P-1062 P-2383 P-2383 .  P-2383
heat- heat- SR phenol - crude
extracted extracted antigen extracted poly-
capsule- capsule endotoxin saccharide

Viable P-2383 320 1280 5120, 320 40

intravenously

Heat-killed 80 640 160 80 -0

P-2383 in '

aluminum

hydroxide gel

subcutaneously

160 80 10

Viable P-1062 80 160
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obtained aéainst SRBC sensitized with P-2383 heat-extracted capsule,
1280 against P-1062 capsule, 5120 against'P-2383 SR antigen, and 320
against P-2383 phenol-extracted endotoxin. Sheep red b]qod=ce11s sensi-
tized with P-2383 crude polysaccharide gave a titer of 40 against
hyperimmune serum genevated with viable P-2383.

Hyperimmune serum produced by subcutaneous injection of heat-killed
P-2383 in aluminum hydroxide gel was of lower titer than that generated
by the intravenous inoculation of viable P-2383. Titers of 80, 640, 160,
and 80 were observed when'P-2383 heat-extracted capsule, P-1062 heat-
extracted capsuie, P-2383 SR antigen, and P-2383 phenol-extracted endo-
toxin were used to sensitize SRBC, respectively. No indirect hemagglu-
tination was observed .with SRBC sensitized with P-2383 crude polysaccharide,

Hyperimmune serum produced commercially by intravenous inoculation
of viable whole broth cultures of P-1062 presented the lowest titers
observed of the three hyperimmune sera. Titers of 80, 160, 160 and 80
were observed when P-2383 heat-extracted capsule, P-1062 heat-extracted
capsule, P-2383 SR antigen, and P-2383 phenol-extracted endotoxin
respectively were used to sensitize SRBC. A titer of 10 was observed
with P-2383 crude polysaccharide sensitizéd SRBC.

‘ Indirect hemagglutination titers of sera from Groupf] calves:
before and after immunization are presented in Table 3. Preimmunization. -
titers for each calf are-éompared to the highest postimmunization titers
obtained from bleedings within 30 days following antigen administration.
Titers are presented as the inverse of the highest dilution of serum
showing positive agglutination. Foliowing an overnight soaking in

Tris HC1-MgCl, buffer at 5° C, the pellet (CR) was resuspended by gentle



Table 3.

Indirect hemagglutination titers of sera from Group I cattle before and after immunization.

Titers are given as the inverse of the highest dilution of serum demonstrating positive
agglutination. Values represent the highest titer of two serum samples obtained prior to
immunization compared to the highest titer of 8 serum samples obtained during a 30 day

. period following immunization. Calf #2 served as an unvaccinated control, Calf #3 was

injected twice intradermally with viable Pasteurella multocida P-2383. Calf #5 was
injected with Freund’s complete adjuvant subcutaneously followed 2 months later by an
intravenous inoculation of heat-killed P-2383 mixed with ground Mycobactérium tuberculosis

H-37RA. Calf #7 was injected once subcutaneously with freeze-thawed P-2383 in Freund’'s
complete adjuvant. Calf #2 served as a control throughout the investigation. At no-time
was this calf observed to have a titer against any of the antigens.

TEST ANTIGENS

P-2383 P-2383 P-1062 P-2383 P-2383
heat- SR heat- phenol- crude
) extracted antigen extracted extracted polysac-
Animal- Serum capsule capsule endotoxin  charide
Calf #2 Control 0 0 0 0 0
Calf #3 Pre-immunization 0 0 10 0 0
Post-immunization 0} 40 10 0 0
Calf #5 Pre~immunization 0 0 0 0 0
Post-immunization 0 0 0 0 0
Calf #7 Pre-immunization 0 0 0 0 0-
Post-immunization 0 0 0 0 0

89
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pipetting.
Calf #2 served as an unvaccinated control. Calf #3 was injected

twice intradermally with viable Pasteurella multocida P-2383..

Calf .#5 was injected with Freund's complete adjuvant subcutaneously
followed 2 months later by an intravenous inoculation of heat-killed

P-2383 mixed with ground Mycobactérium tuberculosis H-37 RA. Calf

#7 was injected once subcutaneously with freeze-thawed P-2383 in

Freund's complete adjuvant.

Viable Pasteurella multocida P-2383 injected intradermally in two
doses was the only treatment which generated a titer against any of
the antigens used in the IHA test. A titer of 40 was observed when
P-2383 SR antigen was utilized to sensitize SRBC. The titer observed
with the heat-extracted capsule of P-1062 was 10 both before and after
injection of viable P-2383 intradermally. The titers against all
other antigens utilized in the IHA test were zero,

Injection of Freund's complete adjuvant followed 2 months. later
by intravenous injection of heat-killed P-2383 mixed with 10 mg of

ground ‘Mycobacterium tuberéulosis H-37RA failed to induce detectable

tevels of antibody.
Freeze-thawed P-2383 incorporated into Freund's complete adjuvant
and injected subcutaneously in one dose faiied to generate any

demonstrable antibody.
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Antibody titers produced in. group 2 catt]Q

Table 4 presents the results of the indirect hemagglutination
tests for the cattle in Group 2. Pre-immunization and highest post-
immunization titers for each calf are presented for edch antigen.

Intradermal injection of viable Pasteurella multocida P-2383, P-2383

crude ribosomes and P—2383 RNA-protein antigen generated increased
antibody titers in the majority of cattle to fourrof the five antigens
used in the‘IHA test. Titers again;t P-2383 crude polysaccharide
were generated in only four of ten calves. The maximum response to

this antigen was a titer of 10.

Mean-serum indirect hemagglutination titers of cattle in"groéup 2

The mean indirect hemagglutination titers for cattle injected
intr&dérma]ly with viable Pasteurella multocida p-2383, P-2383 crude
riboso%es (CR) or P-2383 RNA-protein are presented in Table 5. Sheep
red blood cells (SRBC) were sensitized with P-2383 heat-extracted
capsule, P-1062 heat-ektracted capsule, P-2383 SR antigen, P-2383

phenol-extracted endotoxin, or P-2383 crude polysaccharide. Titers

were read as the inverse of the highest dilution of serum giving positive

agglutination. The highest titer observed prior to immunization s
compared with the highest titer seen within 30 days following
immﬁnization; The calves were divided into three treatment groups
based on the antigen injected. The mean pre-immunization titer for
each group is compared to the mean highest post-injectibn-titér for

each group.




Table 4. Comparison of indirect hemagglutination titers before and after intradermal injection
of viable Pasteurella multocida.P-2383, crude ribosomes from P-2383 or RNA-protein firom
P-2383. Antigens used to sensitize sheep red blood cells were P-2383 heat-extracted

" capsule, P-2383 SR, P-1062 heat-extracted capsule, P-2383 phenol-extracted endotoxin. or

P-2383 crude polysaccharide. Titers are given as the inverse of the highest dilution
of serum showing positive agglutination. The highest  titer prior to antigen injection
is compared to the highest titer after antigén injection for each animal. All sera were
obtained prior to 30 days post-injection.

TEST ANTIGEN

© P-2383 P-1062 p-2383 p-2383
heat- heat- phenol- crude
extracted p-2383 extracted extracted - polysac-

Anti capsule SR capsule endotoxin charide
gen b -
injected Pre-12 Post-I° Pre-I Post-I Pre-I Post-I Pre-1 Post-I Pre-I Post-I
intradermally Calf # Titer Titer Titer Titer Titer Titer Titer Titer Titer Titer
: 3 0 0 0 40 10 10 0 0 0 0
55 0 40 0 40 0 80 0 40 0 0
Viable 57 0 80 0 40 20 320 20 40 0 10
P-2383 61 10 80 10 80 20 160 10 80 0 0
72 0 20 0 0 0 80 0 40 0 10
P-2383 56 10 80 10 80 20 320 10 40 0 0
crude 62 10 20 10 20 20 40 0 20 0 0
ribosomes 67 10 20 10 10 10 . 10 0 80 0 10
P-2383 64 10 20 10 20 10 40 0 20 0 0
RNA- 68 10 40 0 80 20 20 ° 10 80 0 10
protein 71 10 20 10 20 0 10 10 40 0 0

aHighest titer observed prior to injection of a calf with the antigen indicated.

bHighest titer observed following antigen injection.

LL



Table 5.

Mean indirect hemagglutination titers of sera from calves immunized intradermally with
viable Pasteurella multocida P-2383, crude ribosomes (CR) from P-2383, or RNA-protein
from P-2383. Sheep red blood cells were sensitized with P-2383 heat-extracted capsule,
P-1062 heat-extracted capsule, P-2383 (SR), P-2383 phenol-extracted endotoxin or P-2383
crude polysaccharide. Mean pre-immunization serum titers are compared to the highest
mean post-immunization serum titers seen within 30 days following immunization. Calves
are grouped by the antigen with which they were immunized. N equals the number of calves
in each group,

TEST ANTIGEN
Antigen Used to Sensitize SRBC

P-2383 P-1062 p-2383 P-2383
heat- heat- phenol - crude
Antigen No. extracted extracted P-2383 extracted po]ygac-
Injected calves Serum capsule capsule SR endotoxin charide
Viable P-2383 4 pre-injection 2 10 2 . b6 0
post~injection 44 128 32 40 4
Crude Ribosomes 3 pre-injection 10 17 10 3 0
post injection 40 123 . 37 47 3
RNA~Protein 3 pre-injection 10 10 7 7 0

post-injection 27 23 47 47 3

el
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Four calves (n = 4) received viable whole-broth cultures of
P-2383 intradermally in two doses. The mean post-injection titers
were: 1) 44 when P-2383 heat-extracted capsule was used to sensitize
SRBC, 2) 128 against P-1062 heat-extracted capsule, 3) 32 against
P-2383 SR antigen, 4) 40 against P-2383 phenol-extracted endotoxin
and 5) 4 against P-2383 crude polysaccharide.

The intradermal injection éf P-2383 crude ribosomes (CR)
generated IHA antibody titers of 1) 40 against P-2383 heat-extracted
capsule, 2) 123 against P-1062 heat-extracted capsule, 3) 37
against P-2383 antigen, 4) 47 against P-2383 pheno]-ektracted
endotoxin, and 5) 3 against P-2383 crude polysaccharide. Three
calves received the CR antigen intradermally in 2 doses,

The intradermal 1nje§tion of P-2383 RNA-protein antigen
generated mean IHA antibody titers of: 1) 27 against P-2383 heat-
extracted capsule, 2) 23 dgainst-P-]OSZ heat-extracted capsule, 3)
47 against P;2383 SR antigen, 4) 47 against P-2383 phenol-extracted
endotoxin, and 5) 3 against P-2383 crude polysaccharide. Thfee
calves were injected intrﬁderﬁa]]y with the P-2383 RNA-protein

antigen in two doses.

Statistical comparison of mean indirect hemagglutination titers of

cattie in Group 2

Table 6 presents a comparison of the mean IHA titers observed

before and after intradermal injection of viable Pasteurella multocida

P-2383, crude ribosomes (CR) from P-2383, or RNA-protein antigen from



Table 6.

Comparison of mean pre-injection indirect hemagglutination titers of all cattle in Group 2

- to the highest mean post-injection titers of Group 2 cattle injected with viabie

Pasteurella multocida P-2383, crude ribosomes from P-2383 and RNA protein from P-2383.

Antigens used to sensitize sheep red blood cells were P-2383 heat-extracted capsule, P-
1062 heat-extracted capsule, P-2383 SR antigen, P-2383 phenol-extracted endotoxin, or P-
2383 crude polysaccharide., Titers are given as the mean + Std error of the mean. N
equals the number of individual animal titers. The two highest post-injection titers ob-
served with each animal were used to compute the mean titer. Al] titers of 10 or less
were assigned a value of 10. Standard error of the mean and level of significance (P}
were computed on the.log,, value of the titers. Level of significance was computed by
the analysis of variance procedure. * = < 0.05; ** = P < (.01,

Test
antigen

Mean pre-injection Mean post-injection Mean post-injection Mean post-injection
titer of all cattle titer of cattle in- titer of cattie in- titer of cattle

in group 2 + Std jected with viable jected with crude injected with RNA-
error of the mean P-2383 +.Std error ribosomes + Std error protein + Std error
n=_10 of the mean n = 8 of the mean n = 6 of the mean n = 6

P-2383 heat- 10 + 0 39 + T0%* 28 + 10% | 27 * 4**

extracted

capsule

P-1062 heat- 15 + 2 121 + 334+ 76 + 49 18 + 5

extracted

capsule

P-2383 SR

— r—

10 + 0 38 + 10%* 26+ 1 32 + 10*

P-2383 phenol- 11 # 1 38 # 7 30 # 17* 38 + 10%*

extracted
“endotoxin

P~2383 crude 10 + 0 10 + 0 10 + 0 10 +0

polysaccharide

b
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P-2383. The antigens used to sensjtize sheep red blood cells (SRBCY
were P-2383 heat-extracted capsule, P-1062 heat-extracted capsule,
P-2383 SR antigen, P-2383 phenol-extracted endotoxin or P-2383

crude polysaccharide. The two highest titers following injection of
the antigen were used to compute the mean titer. Cattle are

grouped by the antigen which they received. Titers are given

as the mean plus or minus the standard error of the mean. For
statistical evaluation, titers of 10 or less were assigned a value
of 10. Standard error of'the mean and significance Tevels (P) were
computed on the basis of the 10910 of the titers by the analysis of

variance procedure.

Viable Pasteurella muitocida P-2383 injected intradermally in
two doses to four cattle generated a highly significant (P < 0.01)
increase in titer against all antigens except P-2383 crude poly-
saccharide.

Crude ribosomes (CR) injected intradermally in two doses to 3
cattle generated a significant (P < 0.05) antibody response to the
P-2383 heat-extracted capsule and to the b-2383 phenol-extracted
endotoxin. The mean titer against P-1062 heat extracted capsule was
76 but this titer proved not to be a statistically significant
increase. A significant increase in mean antibody titer against the
P-2383 crude polysaccharide was not observed. |

The P-2383 RNA—proteih antigen injected intradermally in two
doses stimulated a highly significant (P < 0.001) increase in mean

antibody titer against the P-2383 heat~extraéted capsule and P-2383 .
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phenol-extracted endotoxin., A significant increase in mean antibody
titer was observed for the P-2383 SR antigen. The titers against
P-1062 heat-extracted capsule and P-2383 crude po]ysacchafide were

not significantly. increased.

Gel diffusion precipitation

Phoyographs of the gel diffusion precipitation plates are
presented in Figures 1-6. An attempt has been made to assign a number
to each precipitin iine to simplify the presentation of results. The
bresence bf_absenCe 6f precipitin 1ines in the photographs was
“mafkedly depeﬁdent upon. the gime photographs were taken f0110wing
p]acement:qf antigens.anq-antisera in the wells. Thus, some
precipitin Tines were observed early only to be obscured later by
.-—HOQ§pécifiC ﬁfécipita@ioﬁ;- This nonspecific precipifation‘was-
obserﬁed as a clouding of‘thé aéar around the antigen wells and
Vafiéd»markedly between antigen preparations. Other precipitin
lines Wereiélow to develop and cqu1d not be visualized until 72-96
. hours. |

Figures 1 and 2 are photographs of gel diffusion precipitin
plates in which antiserun produced by the injection of viable P-1062
was placed -in the center wells. In Figure 1, starting at the top
and movinj clockwise, the antigens in the outer wells are crude
ribosomes from P-2383 (CR), superﬁatant from the P-2383 ribosomes
(SR), RNA-protein from P-2383 (RP), heat-extracted capsule of P-2383
* (HE-2383), heat-extracted capsule of P-1062 (HE-1062), and phenol-
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Figure 1.

Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well contained serum (C)

produced by intravenous injection of viable P-1062. The
antigens in the outer wells were 1) Crude robosomes from
P-2383 (CR), 2) Supernatant from the crude ribosomes (SR),
3) RNA-protein from P-2383 (RP), 4) Heat-extracted capsule
of P-2383 (HE-2383), 5) Heat-extracted capsule of P-1062
(HE-1062) and 6) Phenol-extracted lipopolysaccharide

from P-2383 (PE).
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Figure 2.

Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well contained serum (C)

produced by multiple intravenous injection of viable P-1062.
The antigens in the outer wells were 1) Crude ribosomes from
P-2383 (CR), 2) Heat-extracted capsule from P-2383 (HE-2383),
3) RNA-protein from P-2383 (RP), 4) Heat-extracted capsule
from P-1062 (HE-1062), 5) Supernatant from crude ribosomes

(SR), and 6) Phenol-extracted 1ipopolysaccharide from P-2383
(PE).
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extracted 1ipopolysaccharide from P-2383 (PE). In Figure 2, starting
at the top and moving clockwise the antigens in the outer wells are
CR, HE-2383, RP, HE-1062, SR and crude polysaccharide from P-2383
(CP).

The antiserum produced by injection of viable P-1062 was observed
to give the clearest pattern of precipitin Tines on gel diffusion
precipitation. In Figure 1, a precipitin Tine appears near the
antigen well of the RP pfeparation which is designated Tine number 1.
This Tine was present in the CR fraction and, because of subsequent
nonspecific clouding of fhe gel could only be observed within 36 hr.
after the antigen was placed in the weli. Antigen #1 was present in
the heat-extracted capsules of P-2383 and P-1062 and in the phenol
extract of P-2383 (PE) although the precipitin 1ines did not photo-
graph we]T; Line #] was the predominant precipitin 1ine observed
with the phenol-extracted lipopolysaccharide and thus in all
likelihood represents the endotoxin component of P-2383. Direct
observation of the gel diffusion precipitin plates occasionally re-
vealed the presence of two precipitin Tines within line #7 of the PE
fraction, | |

‘Figure T illustrates thg presence of two precipitin lines in the
RP preparation designated 2 and 3. These lines are essentially
superimposed but can be observed as two distinct entitiés one of
which (3) Q%vesla line of identity with a line in the SR and CR
preparations and one (2) which is contained only in the CR and RP

preparations,
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A distinct difference is observed in the appearance of antigens 2
and 3 between the CR and RP preparations. The two precipitin Tines
are well-separated in the CR preparation and are superimposed in the
RP ffaétion. This apparently represents different concentrations
of antigen 2 in these fractions. Precipitin Tines 2 and 3 were not
observed in any of the other bacterial fractions. Another interesting
‘point is demonstrated in Figure 2.- Precipitin 1ine 2 as it appears in
the CR fraction is composed of two distinct antigens. The second
component of this pfecipitin line is observed in the upper right of
the plate. If one now observes the same area in Figure 1, these two
compdnents'can be visualized albeit not as distinctly as in Figure 2.

Pkecipitin’]ﬁne 4 can be observed clearly in Figure 2. The .
antigen represented by this line is apparently unique to the CR
fraction aithough this distinction is not readily evident in
Figure 1. The possibility exists that this antigen may also be
present in the RP preparation at a different concentration. Also,
thgre is some indication that two distihct antigens méy be
répresentgd'in this precipitin line.

Antigens 5 and 6 are observed as two precipitin lines in the RP
fraction in Figure 1. The distinction between these two components
is blurred in the CR'fraétion, although two precipitin lines can be
observed. It éppears that onTy one of these antigens is represented
in the SR fraction, however, whether antigen 5 or 6 is the antigen
present is unclear. At Teast one of these antigens is also present

in.the heét-extracted capsules of P-2383 and P-1062 and possibly in the
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crude polysaccharide of P-2383. This 1ine was extremely weak and.did
not photograph well.

Antigen 7 is clearly visualized in the RP fraction in Figure~2
near the antiserum well. This component was also readily observed in
the SR fraction.v The CR fraction apparently contained a lesser amount
of this antigén as can be observed fn Figure 1. This antigen was not
observed in the other bacterial fractions.

Figures 3 and 4 are photographs of gel diffusion precipitin
plates in which antiserum produced by the injectiﬁn of viable P-2383
was placed in the center Qel]. The antigens are arranged in the
outer wells in a fashion identical to that in Figures 1 and 2,
respectively. Figufe é was photographed at an early stage following
aqdition of the antigens and antiserum to the respective wells, thus
the precipitin lines are not as distinct.

In the CR fraction, precipitin 1ines 1 through 6 were observed
although they photographed poorly in Figures é and 4. A major problem
observed with the homologous P-2383 antiserum was the présencehof a
rather diffuse precipitation reaction. This appeared only in the CR,
SR, RP and phenol-extracted antigens. Within this diffuse precipita-
tion band, separate precipitin 1ines were discerned in the CR, SR
and RP fractions. Thus, it appears that a multiplicity of antigens
is present within these fractions as represented by the diffuse
precipitation bands.

The presence of a portion of either antigen § or 6 in the P-1062

heat-extrated capsule is demonstrated in Figure 4. This reaction
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Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well contained serum (A)

produced by multiple intravenous injection of viable P-2383.
The antigens in the outer wells were: 1) Crude ribosomes
from P-2383 (CR), 2) Supernatant from the ribosomes (SR),

3) RNA-protein from P-2383 (RP), 4) Heat-extracted capsule of
P-2383 (HE-2383), 5) Heat-extracted capsule of P-1062

(HE-1062), and 6) Phenol-extracted lipopolysaccharide from
P-2383 (PE).
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Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well contained serum (A)

produced in cattle by multiple intravenous injection of

viable P-2383. The antigens added to the outer wells were

1) Crude ribosomes from P-2383 (CR), 2) Heat-extracted capsule
from P-2383 (HE-2383), 3) RNA-protein from P-2383 (RP), 4)
Heat-extracted capsule from P-1062 (HE-1062), 5) Supernatant
from crude ribosomes (SR), and 6) Phenol-extracted 1ipopoly-
saccharide from P-2383 (PE).
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was relatively weak, however,

Precipitin lines 1,v2-3, and 5-6 were observed to form in the RP
preparation against the homologous antiserum produced by injection of
viable P-2383. The precipitin line representing antigen 7 is in all
probability obscured in the diffuse precipitin band. Precipitin
Tines 3 and 5;6 were obsgrved in ‘the SR fracgion. Again, precipitin
line 7 may be present but is obscured.

"Figures 5 and 6 are photographs of gel diffusion precipitin
plates in which bovine antiserum to heat<killed P-2383 was placed in
thé center welis. The antjgeng‘are arranged identically to Figures
1 and 2, respective]y. Figure 5 was photographed at an early stage
fo]]owfﬁg édd{tion of the respectiﬁe antiserum and antigens to the
proper wells,  Figure 6 is'a photograph taken at a later stage.
"Precipitin lines 1-6 were'observed to form in the CR fraction against
this antiserum, The‘difoSe precipitin Tine§ observed to form against
the serum produced by injection of viable P-2383 were not as pro-
nouncéd as with the serum ﬁroduted by injection of heat-killed organisms
The patterns.of precipitin lines observed with the RP fraction indi-
cated the presence of antigens 1, 2-3, 5-6 and possibly 7. The SR
fraction demonstrated antigens 3, 5—6 and 7. In Figure 6 antigen 7
s observed to be more diffuse than it appeared in F%gure 1. The
pheno]7extracted.1ipoﬁofysaécharide in Figure 5 demonstrates a
diffuse band similar in position to that which appears in Figure 3.
The line of partial identity observed in Figure 3 between this band
" and precipitin lines 5-6 isfhot as readily apparent in Figure 3.

Weak précipifin'lineé were formed against the heat-extracted
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Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well (B) contained serum
produced by multiple subcutaneous injection of heat-killed
P-2383 incorporated in aluminum hydroxide gel. The antigens
in the outer wells were: 1) Crude ribosomes from P-2383
(CR), 2) Supernatant from the ribosomes (SR), 3) RNA-protein
from P-2383 (RP), 4) Heat-extracted capsule of P-2383
(HE-2383), 5) Heat-extracted capsule of P-1062 (HE-1062),
and 6) Phenol-extracted Tipopolysaccharide from P-2383 (PE).
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Gel diffusion precipitation analysis of the antigens of
Pasteurella multocida. The center well contained serum (B)

produced in cattle by multiple subcutaneous injections of
heat-killed P-2383 incorporated in aluminum hydroxide gel.

The antigens in the outer wells were: 1) Crude ribosomes from
P-2383 (CR), 2) Heat-extracted capsule from P-2383 (HE-2383),
3) RNA-protein from P-2383 (RP), 4) Heat-extracted capsule
from P-1062 (HE-1062), 5) Supernatant from crude ribosomes

ESR%, and 6) Phenol-extracted 1lipopolysaccharide from P-2383
PE).
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capsules of P-2383 and P-1062 and the crude polysaccharide of P-2383.
These weak precipitin 1inés were dfscerned with difficulty on the

gel diffusion plates. It appeared that all three preparations
contained antigen 1. The heat-extracted capsular preparhtions
contained antigens which gave precipitin bands in the area of lines

3 and 5-6. None of the precipitin Tines observed with these three

fractions was readily appérent and as such did not photograph well.

. Immunoelectrophoresis

.Diagrams of the immunoelectrophoretic analyses of- the antigens
of P. muTtocida are presénted in Figures 7-9. The antigen added to
each of the wells is indicated to the left of the well. Antigens
examihgd were P-2383 crude ribosomes {CR), P-2383 RNA-protein (RP),
P—2383:supernatant from the ribosomes (SR), P-1062 heat-ext;acted.
capsule (HE-1062), P-2383 heat-extracted capsule {HE-2383) and -P-2383
phenol-extracted Tipopolysaccharide (PE). Antigens were applied to. the
wells of the immunoelectrophoresis plates and electrophoresed as
described in materials and methods. Antisera were then added to each L
of the troughs,. Figures-7, 8, and 9 are diagrams of the immuno-
precipitin bands obsebved with antiserum produced by immunization of
cattle with viable P-2383, heat-killed P-2383, and viable P-1062
respectively. In an attempt to simplify discussion, each of the
precipitation bands has been assigned a letter,

. Figure 7 represents the immunoelectrophoretograms observed with

antiserum produced by multiple intravenous injection of viable P-2383,
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A complex of antigen labeled A, B and C was observed in both the CR and
RP-fractions. One of thése antigens appeared to be absent,in‘the SR
fraction, This antigen was thus probably identical to antigen 2 as ob-
Served in the gel diffusion precipitation test, This missing antigen
appeérs to be antigen A. The A, B, C complex was not observed.in the

immunoelectrophoretograms of the heat-extracted antigens.

Antigen D aﬁpeared in the Rb and SR fractions but not in the others.

This antigen may be identical to antigen 7 as observed in the gel dif-
fusion precipitation analyses. Antigen.7 appeared in the CR fraction on

gel diffusion precipitation; however, its position indicates a lower

concentration was present in the CR fraction. Thus it may not appear in

the immuncelectrophoretograms.

Aritigen E in Figure 7wis unique to the RP fraction of P-2383,

The relationship of this antigen to those observed on gel diffusion
precipitation could not bé ascertained..

Antigen F or components of it were observed in all of the antigenic
._fractjons analyzed on immunoe1ectrophoresis ekcept the SR fraction,
This antigen probab1y-repre§ents antigen 1 as oEserved in gel diffusion
precipitation. It contains few charged groups at pH 8.2 as indicated
by its poor -movement in the immunoelectrophoretogram and diffuses
throﬁgh the agarose gel vefy poorly. These characteristics are con-
sistent with a high molecular weight lipopolysaccharide moiety. Within
~ the area defined by the F antigen, the presence of two separate
components was observed in the CR fraction,

Figure 7 iTlustrates the présence of a long diffuse trail of
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heterogeneous material which formed é precipitate on the immunoelectro-
phoretogram. Thi§ precipitate was labeled G. It probably represents
the diffuse precipitation observed on some of the gel diffusidn
precipitin plates. The G component(s) was most pronounced in the

CR fraction and less so in the SR and heat-extracted capsules of

P-2383 and P-1062, This diffuse band did not appear in the RP or
phenol-extracted 1ipopolysaccharide preparatidns.

Figure.8 represents the immunoelectrophoretograms of the antigens
of P, muitocida as they appeared when antiserum produced by immunization
- of cattle with heat-killed P-2383 was placed in the troughs. The

appearance af these immunoelectrophoretogram was essentially

similar to that diagrammed in Figure 7 with one exception: an
additional antigen (H) appears in the CR and RP fractions. This
antigen was observed to be relatively weak. The presencezof it in
Figure 8 and absence of it in Figure 7 either represents a clarification
of the lines because of a‘Tack of a hazy precipitate or a quantitative
difference‘in the amoun£ of specific antibody present in each of the
homologous antisera. |

Figure 9 illustrates the electrophoretogram of the antigens of

P. multocida observed when antiserum generated by the intravenous
inoculation of cattle with viable P-1062 was placed in the troughs of
“the immunoelectrophoresis plates. No major differences existed
between this immunoelectrophoretogram and those of the homo]pgous
sera, The E antigen was absent from the RP preparation and the H

antigen was not readily apparent in the same fraction.
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Figure 7.

Diagrammatic illustration of immunoelectrophoretograms
analyzing the antigen content of several fractions isolated
from Pasteurella multocida. Antigens added to the wells and
electrophoresed were: (T) P-2383 CR antigen (CR), (2) P-2383
RNA-protein antigen (RP), (3) P-2383 SR antigen (SR), (4)
P-1062 heat-extracted capsule (HE-1062), (5) P-2383 heat
extracted capsule (HE-2383), and (6) P-2383 phenol-extracted
Tipopolysaccharide (PE). The antiserum added to the troughs
was produced in cattlé by multiple subcutaneous injections of
heat-killed P-2383 incorporated in aluminum hydroxide gel,




91

F
R O
¥/
B D ]
/_G"“\
: SR O.’ R C *vl?‘:,"i_:;{:
\__/
HE 1062 (eeeswwt i
HE 2383 o erendy? WA R0 00
e O
Figure 8., Diagrammatic illustration of immunoelectrophoretograms

analyzing the antigen content of several fractions jsolated
from Pasteurella multocida. Antigens added to the welis and
electrophoresed were: (1] P-2383 CR antigen (CR), (2) P-2383
RNA-protein antigen (RP), (3) P-2383 SR antigen (SR), (4)
P-1062 heat extracted capsule (HE 1062), (5) P-2383 heat
extracted capsule {HE 2383), and (6) P-2383 phencl-extracted
lipopolysaccharide (PE}. The antiserum added to the troughs
was produced in cattle by multiple intravenous inoculations
of viable P-1062.
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Figure 9. Diagrammatic illustration of immunoelectrophoretograms

analyzing the antigen content of several fractions isolated

from Pasteurella multocida. Antigdens added to the wells and -

electrophoresed were: (1) P-2383 CR antigen (CR), {2)
P-2383 RNA-protein antigen (RP), (3) P-2383 SR antigen (SR),
(4) P-1062 heat extracted capsule (HE-1062), (5) P-2383 heat
extracted capsule (HE-2383) and (6) P-2383 phenol-extracted
lipopolysaccharide (PE). The antiserum added to the troughs
was produced in cattle by multiple intravenous inoculations
of viable P-2383.
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Lymphocyte-b]astogenesis

Selected antigens were tested in lymphocyte cultures to evaluate
their toxicity and bTastogénic activity. It became evident from
preliminary experimentat%on that a screening procedure to limit the
number of antigens and the number of concentrations of antigens was
essential. An outbreak of pneumonia from which a Type A Pasteurella
multocida was isolated occurred in a group of 6-7 month old Holstein-
Fresian dairy calves beTonging to Iowa State University. PeripheraT
blood 1ymphocytes were isolated from these animals and used to screen
the various antigens, If antigens were found to routinely suppress
1ymphocyte blastogenesis below a stimulation index of 0.8, they were
diluted further. Concentrations observed to give the highest stimula-
tion indices for a given antigen were subsequently used in the latér
Group 1 investigatﬁonsl Antigen preparations were added to the
investigation or deleted from it as indicated by lack of response.

The results of the Tymphocyte bTastogenesis investigation for
calves 2, 3, 5, and 7 (Group 1) are presented in Tables 7 and 8.

The ability 6f P. multocida P-2383 crude polysaccharide, P-2383
phenol-extractéd endotoxin, P-2383 saline-extracted capsule, P-2383
free endotoxin, P-2383 crude ribosomes (Cr) and P-2383 RNA-protein to
stimulate a blastogenic résponse in Tymphocyte cultures of calves in
Group 1 is presented in Table 7. The amount of each antigen added to
each well of a microtiter plate is given. The values Tisted are
mean stimulation ipdices plus or minus the standard error of the mean.
The number of observations in each group (n) is given. Mean stimulation

indices are reported for the control group which includes all
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observations from calf #2 plus all observations on calves 3, 5 and 7
prior to antigen injection, Calf #3 received viable P-2383 intra-
dermally in two doses., Calf #5 received a subcdtaneous injection
of Freund's complete adjuvant followed two months later by a single
intravenoﬁs inoculation of heat-killed P-2383 mixed with 10 mg of

ground Mycobacterium tuberculosis H-37RA. Calf #7 received freeze-

. thawed P-2383 incorporated in Freund's complete adjuvant in a single
subcutaneous dose. Significance levels (P) were computed on the 10910
value of the stimulation indices by the analysis of variance procedure.

Viable P-2383 injected intradermally was the only antigen to
stimulate a highly significant (P < 0.01) blastogenic response in the
bovine lymphocyte cultures. The stimulation index for the 25 ﬁg Tevel
(protein bésis, BR) of the P-2383 RNA-protein antigen was 4.2 + 0.74.
The 50 ﬂg level of RNA-protein gave a stimulation index of 3.3 + 1.25,
The .25 ﬁg level of the P-2383 CR antigen produced a mean stimulation

index of 4.2 + 0.49 while the 50 ug level produced ‘a mean stimulation

index of 2.4 + 0.78. By analysis of variancé, the blastogenic ' !
response to the 50 ug level of RNA protein, and 25 ﬁg and 50 ﬁg Tevels
of CR antigen were not significant.

Injection of Freund's complete adjuvant followed by intravenous

administration of heat-killed P-2383 plus ground M. tuberculgsis did

not stimulate a significant blastogenic response in bovine lymphocyte
cultures,
Administration of freeze-thawed P-2383 incorporated in Freund's

complete adjuvant did not stimulate a significant blastogenic response

to any of the antigens 1isted in Table 7.




Table 7.

Ability of P. multocida P-2383 crude polysaccharide, P-2383
phenol-extracted endotoxin, P-2383 saline-extracted capsule,"
P-2383 free endotoxin, P-2383 crude ribosomes and P-2383
RNA-protein to stimulate a blastogenic response in cultures

of lymphocytes from cattle in Group I. The antigens and the
amounts added to each well of a microtiter plate are listed.
The values given are mean stimulation indices plus or minus

the standard error of the mean. N equals the number of ob-
servations in each group. Mean stimulation indices are given
for the control group which includes all observations from
calf #2 plus-all observations on calves 3, 5 and 7 prior to
antigen injection. Calf #3 received viable P-2383 intradermally
in two doses. Calf #5 received a subcutaneous injection of
Freund's complete adjuvant. This was followed 2 months later
by an intravenous administration of heat-killed P-2383 mixed
with ground Mycobacterium tubéerculosis H-37RA. Calf #7
received freeze-thawed P-2383 incorporated into Freund's com-
plete adjuvant. Significance levels (P) were calculated on the

‘logyy of the stimulation indices by the analysis of variance

procedure. ** = P < (0,01,

18 g

20 g 20 g 20 g
P-2383 P-2383 P-2383 p-2383
crude phenol-~ saline- free
poly- extracted extracted endotoxin
saccharidé "~ ¢apsule capsule
Control 0.9 +0.25 1.2 + 0.44 1.5 + 0.44 1.2 + 0.26
Calf #3 1.6 +0.77 0.5 + 0.18 1.2 + 0.25 0.8 + 0.15
Calf #5 1.2+0.3 0.7+0.25 1.1 +0.31 1.3 +0.23
Calf #7 0.6 + 0.07 0.4 + 0.7 0.9 +0.08 1.1 + 0.36
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25 g 50 g 25 g 50 g
P-2383 P-2383 P-2383 P-2383
CR RNA- RNA-
protein protein
2.1 +0.67 0.9 +0.18 +0.29 1.2 +0.20
4.2+ 0.49° 2.4 +0.78 +0.74% 3.3+ 1.25
2.2 + 0.88 + 0.56 +0.70 2.4+ 0.9
1.6 + 0.44 + 0.29 +0.47 1.3+ 0.56
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The ability of the Pasteurella multocida P-2383 heat-extracted

capsular material to stimulate a blastogenic response in cultures

of bovine lymphocytes is presented in Table 8. The level of heat-

extracted antigen added to each well of a microtiter plate is given.

The mean stimulation indices plus or minus the standard error of

the mean arellisted for the control group and for calves 3, 5 and 7.

The number of observations (n) for the control group includes all

observations for calf #2 plus all observations on calves 3, 5, and 7

prior to antigen injection. Significance levels were computed on the

10910 of the stimulation indices by the analysis of variance procedure.
Heat-extracted capsular antigen from P-2383 was unable to

stimulate blastogenesis in lymphocyte cultures in any of the calves

in Group 1. Levels of heat-extracted capsule added to each well of

a microtiter plate ranged from 4 ug to 186 ug (dry weight). Amounts

above 186 ﬁg routinely resulted in a marked depression of Tymphocyte

blastogenesis and were discontinued in the early stages of the investi-

gation.

Lymphocyte blastogenesis: Group 2 cattle

The results of the lymphocyte blastogenesis investigations on
cattle in Group 2 are presented in Tables 9 and 10.

The abilities of Pasteurella multocida P-2383 saline extracted

capsule, P-2383 phenol-extracted endotoxin, and trichloroacetic acid
(TCA) extracted antigen to stimulate a blastogenic response in

cultures of lymphocytes from calves in Group 2 are presented in Table 9.




Table 8.

B1astogen1c response of lymphocytes from Group I heat-extracted capsular antigen from
P-2383. The Teve]l of heat-extracted antigen added to each well of a microtiter plate
is 1isted. The mean stimulation indices plus or minus the standard error of the mean
are given for the control group and calves 3, 5 and 7. N equals the number of observa-
tions in the control group and for each calf. The mean stimulation indices for the
control group include all observations from calf #2 plus all observations on.calves 3,

.5 and 7 prior to antigen injection. Calf #2 acted as the negative control. Calf #3

received viable P-2383 intradermally in two doses. Calf #5 was injected subcutaneous1y

-with Freund's complete adjuvant. Two.months Tater heat-killed P-2383 mixed with ground

Mycobacterium H-37RA was administered 1ntravenous1y Calf #7 received one dose of
freeze-thawed P-2383 incorporated into Freund's complete adjuvant. Significance Tevels
(P) were calculated on the logycof the st1mu1at1on indices for each observation by

the analysis of variance procedure, =P < 0.05. ** =P < 0.01.

Level of heat-extracted capsule

n 186 ug 93 ng 37 ug : 18 ug 4 ug
Control 8 1.2+0,27 1.4+0.35 1.5+0.35 1.6+0.35 1.3+0.29
- Calf #3 3 0.8 +0.05 1.1 +0.12 1.0 + 0.13 0.7 + 0.18 1.1 + 0.36
Calf #5 5 1.3 +0.18 1.4 +0.32 1.3 £ 0.15 1.2 +0.23 1.5 + 0,17
Calf #7 5

1.2 +0.18 0.9 + 0.26 0.9 + 0.26 0.8 +0.23 0.8 +0.23
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Table 9,

Ability of Pasteurella multocida P-2383 saline extracted capsule, P-2383 phenel-extracted
endotoxin, and P-2383 trichloroacetic acid (TCA)-extracted antigen to stimulate a blastogenic
response in cultures of bovine lymphocytes from Group 2 calves. The antigens and amounts
added to each well of a microtiter plate are listed. The mean stimulation indices plus or
minus the standard error of the mean are given for the control observations and for cattle
receiving viable P-2383 intradermally, P-2383 crude ribosomes intradermally and P-2383
RNA-protein intradermally. Each group of animals receiving a particular antigen is divided
into three periods on the basis of the number of days following injection of the antigen.

N equals the number of observations in each group. The control group consists of all
observations on all Group 2 cattle prior to injection® of antigen. -Level of significance
(P) was computed on the logio value of the stimulation indices by the analysis of variance

procedure. * =P < 0.05. ** =P <0.01.
25 ug 50 ug 9 ug 18 ug 1:500 1:1000
Days saline- saline- phenol- phenol - TCA TCA-
post extracted extracted extracted extracted extract extract
injection capsule capsule endotoxin endotoxin
Controls 0 0.8 +0.07 1.2+0.15 1.3 +0.15 1.1 +0.14 0.9 +0.08 0.9 +0.12
n= 55 55 . 54 54 41 41
*
Viable P-2383 1-14 2.3 1_6.90 2.8+ 1.06 1.7 +0.48 3.0+ 1.26 0.9+ 0.13 0.7 +0.09
=8 ’
15-20 0,9+0,7 1,5+0.28 1.2+0.,16 1.9 +0.35 0.9 +0.08 0.8 +0.10
n=2=8
> 20 1.0 +0.10 1,6 +0.28 1.6 +0.28 2,2 + 0.76 0.7 +0.11 0.7 + 0.09
n=29
P-2383 crude 1-14 0.9+0.14 1.8+0,57 1.8+0.64 2.4+ 1.5 0.8 +0.17 0.7 +0.7]
ribosomes n=7
15-20 0.7 +0.9 1.2+ 0.9 +0.40 1.0 +0,78 0,9 +0.23 0,8 +0.20
n=7
1.1 +0.32 1.9+0.62 1.6 +0.28 1.1 +0.18 0.7 +0.19 0.7 +0.27



pP-2383 1-14 0.9 +0.12 2.8 + 1.1.8' 1.9 i0.71 2‘..2 +1.25 0.8 +0.16 0.7 + 0.20
RNA- n=2_§8 -

protein 15-20 0.7 +0.09 0.8 +0.13 1.1+0.35 1,9 +0.79 0.8 +0.08 0.6+ 0.10
n=2=8
> 20 1.2 +0.7 1.8+040 2.0+0.45 2.2 +0.67 1.0+0.18 0.8 +0.09
n= 7

001
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The antigens and amounts added to each well of a microtiter plate
are stated., Values reported are mean stimulation indices plus or
minus the standard error of the mean. Cattle were injected intra-
dermally with either viable P-2383, P-2383 crude ribosomes (CR), or
P-2383 RNA-protein. The mean stimulation indices were grouped into
three time periods on the basis of the number of days following the
Tast injection of antigen. The number of observations in each group
(n) is given. Data in.the control group consist of observations on
Group 2 cattle prior to injection of antigen. The Tevel of signifi-
cance (P) was computed on the 10910 vaiue of the stimﬁ]ation indices
by the analysis of variance procedure,

Injection of viable P-2383 intradermally resulted in a highly
significant (P < 0.01) stimulation of Tymphocytes against the saline-
extracted capsule of P-2383 at the 25 ug level during days 1-14. The
mean stimulation index for this level of the antigen was 2.3 + 0.90.
The 50 ug level for this same time period had a mean stimulation
index of 2.8 + 1.05 but this did not reach significance.

P-2383 phenol extracted endotoxins gave a mean stimulation index‘
at the 18 ug Tevel of 3.0 + 1.26 during days 1-14. This also did not

reach significance.

The intradermal injection of P-2383 crude ribosomes did not result

in any significant sensitization of bovine lymphocytes to saline-
extracted capsule, phenol-extracted endotoxin or TCA-extracted
endotoxin during any of the post-injection time periods. A mean

stimulation index of 2.4 + 1,55 was observed for the 18 ug level of




102

pheno]—extrac;ed endotoxin.

The intradermai injection of P-2383 RNA-protein resulted in
significant (P < 0.05} sensitization of peripheral bovine 1ympho-
cytes to the sa1ine-extractea capsule and pheno]-extracted endotoxin
during the timg period from 20 days on. Both the 25 and 50 pg 1eye1s
of the saline-extracted capsular antigen produced significant
stimulation although the mean stimulation indices were only 1.2 + 0,17
and 1.8 + 0.40 respectively. The days 1-14 mean stimulation index for
tﬁe 50 ug level of the same antigen produced a mean stimulation index
of 2.8 + 1,18 but this did not approach significance.

| The pHenol-extracted endotoxin produced mean stimulation indices
for bovine lymphocyte cultures of 2.0 + 0.45 and 2.2 + 0.67 for the
9,0 and 18 ﬁg Tevels, Only the latter was significant (P < 0.05).

The Fesponse of lymphocytes from cattle in Group II to Pasteurella
maltocida P-2383 crude ribosome (CR), P-2383 supernatant from the
ribosomes (SR), and P-2383 RNA-protein to stimulate blastogenesis
in cultures of lymphocytes from cattle in Group 2 is presented in
Table 10. The antigens and amounts added to each well of a microtiter
plate are given. The mean stimulation indices plus. or minus the
standard error of the mean are listed. Cattle in Group 2 received
either viable P-2383 intraderma11&, P-2383 crude ribosomes intra-
dermally or P-2383 RNA—pfotein intradermally. Animals are grouped on
the basis of the antigen injected and each group is divided into three
time periods on the basis of the time following antigen injection.

The number of observations (n) in each time period is given. The




Table 10,

Blastogenic response of Tymphocytes from Group II cattle to
Pasteurella multocida P-2383 crude ribosomes (CR}, P-2383
supernatant from the ribosomes (SR), and P-2383 RNA-protein

to stimulate blastogenesis in cultures of lymphocytes from
cattle in Group II. The antigens and the amounts added to each
well of a microtiter plate are reported. The mean stimulation
indices plus or minus the standard error of the mean are given
for the control observations and for cattle receiving viable
P-2383 intradermally, P-2383 crude ribosomes intradermally,
and P-2383 RNA-protein intradermally. Each group of animals
receiving a particular antigen is divided into three time
groups on the basis of the number of days following the in-
jection of the antigens. N equals the number of observations
in each group. The control group consists of all observations
on Group IIcattle prior to injection of antigen. Levels of
significance (P) were computed on the logy value of the stimu-
lation indices by the analysis of variance procedure.

* =P <0.05. ** =P < (,0].

Days
post-
infection 25 g CR 50 g CR 25 g SR
Controls 0 0.9 + 0.13 1.0 +0.2 1.1 + 0.11
n = 55 55 55
Viabie P-2383 ~14 1.3 +0.36 1.1 + 0.21 2.7 +1.42
=8
15-20 0.9 + 0.07 1.1 + 0.20 1.0 + 0.14
=8
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25 ¢ 50 g

RNA- RNA-
50 g SR protein protein
0.8 + 0.08 1.7 + 0.66 0.8 + 0.07
55 55 55
1.4 + 0.62 2.3+ 0.78 1.7 %+ 0.3*
0.9 +0.14 1.3 +£0.17 1.2 + 0.17
0.9 +0.11. 2.0 + 0.64 1.2 +0.19
0.8 + 0.15 1.1 +0.16 1.0 + 0.10
0.7 + 0.14 2.2 + 1.21 0.8 +0.13
1.8 + 0.67 1.9 + 0.83 3.0 + 1.44%*
0.7 +0.10 1.1 + 0.14 0.8 + 0.15
0.9 +0.15 0.9 +0.72 0.9 +0.17
2.4 + 0.82%% 4.2 + 1.84%% 3.3 + ] .76%*
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control déta consist of all observations on Group 2 cattle prior to
antigen injection. Levels of significance (P) were computed on
the 1og]0 value of the stimulation indices by the analysis of
variance procedure.
P-2383 RNA-protein stimulated a significant (P < 0.05) blastogenic
response in cattle injected intradermally with viable P-2383 during
the 1-14 day post-injection period. Mean stimulation indices of 2.3 +
0.78 and 1.7 + 0.30 were observed for the 25 and 50 ug Tevels of RNA-
protein. The SR antigen produced a mean stimulation index of 2,7‘i
1.4 at the 25 ug level but this was not statistically significant.
Significant gtimulation of sensitized peripheral blood lymphocytes
was not observed with the 50_#9 Tevel of SR or the 25 and 50 ug levels
of the CR antigen at any time period.
P-2383 RNA-protein antigen stimu]ated a highly significant (P < 0.01)
blastogenic response in cattle injected intradermally with the CR
antigen during the >-20 day time period. ' The mean stimulation index ‘
was 3,0 + 1.44. The mean stimulation index for the SR antigen during
the same time period was 2.7 + 1.30 at the 25 ug level., This did not
reach significance.

" The CR antigen, RNA-protein antigen and SR antigen all stimulated
bovine lymphocytes at highly significant (P < 0.01) levels in cattle
injected with RNA-protein intradermaily. A1l significant stimulation |
occurred in the > 20 day fime period., The mean stimulation indices for
the 25 and 50 ﬁg fevels of CR antigen were 1.8 + 0.33 and 1.9 + 0.36

respectively. The 25 ug level of SR antigen produced a mean stimulation ] ‘
|
]
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index of 2.3 + 0.66 which was significant (P < 0.05). The 60 ug
level of the same antigen produced a mean stimuiation index of 2.4 + 0.82
which was highly significant (P < 0.01).

The RNA protein antigen produced the highest mean stimpTation
indices of the three antigens presented in Table 10. Values of 4.2 +
1.84-and 3.3 + 1.76 were observed for lymphocyte cultures from calves
injected intradermally with P-2383 RNA-protein antigen when either
25 or 50 ﬁg of P-2383 RNA-protein antigen.was added to each well of
the multiwell plate. Both values were highly significant (P < 0.01),
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DISCUSSION

Prior to commencing a discussion of the investigation described
herein, it was believed advisable to provide those uninitiated to the
' various typing schemes a brief review of those schemes utilized in this
discussion. This 1ist is in no way complete and is an extreme over-
simplification but hopefu]]y, will contribute to the understanding of
the discussion at hand. Carter's (1967a) typing scheme has been the
most widely utilized in the literature and a majority of the discussion

wil]l utiiize this scheme.

Carter's : Species Affected Disease
Serotype A Cattle Pneumonic
Rabbits Pneumonic
Avian Fowl Cholera
B&E Cattle and Buffalo Hemorrhagic
Septicemia -
D Porcine | Pneumonic and
Turbinate
Infections
Robert's
Serotype I Cattle and Buffalo Hemorrhagic-
Septicemia
II . Encompasses elements of Carter's Types
A & D but are not well correlated
111 (Brogden et al., 1977).

Heddleston's

Serotypes 1-16 Pertains only to avian Pastéurella multocida

and thus subdivides Carter's Type A avian
isolates.
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The goal of this investigation was to elucidate the mechanisms
involved in the immune responses of cattle to Serotype A Pasteurella
multocida. Until very recently, definitive investigations of immunity
to P. multocida have involved serotypes other than Type A or species
other than the bovine. A comparative dearth of information exists in
this area as a result. Both humoral and cell mediated responses have
beeri postulated as the mechanism of resistance of cattle to P. multocida
(Carter 1967b, Collins 1977, Maheswaran and Thies 1979). The humoral
response in other species has been well documented by other workers
(Carter, 1967b), while the humoral response of the bovine has been
demonstrated but not extensively studied (Carter 1955, Heddleston et al.,
1962). An attempt has been made to evaluate both the humoral and cell-
ular responses of cattle to this bacterium using more definitive
immuno1ogfca1 and immunochemical methods which have become available in
recent years.

Investigation of the humoral response to the antigens of P.
multocida hinges upon the ability to produce relatively pure antigenic
materials and yet maintain antigenicity. Several methods of antigen
extraction were employed with varying results. Phenol-water extraction
of P. multocida P-2383 yielded a fraction which gave two lines of
precipitation in a gel diffusion precipitin test. This is consistent
with the two precipitin Tines observed by MacLennan and Rondle (1957)
and Penn and Nagy (1974) for Types B and E P. multocida. The two
antigens of P-2383 phenol-water extracts were very similar in their

diffusion properties and on most occasions the lines tended to be
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indistinguishable from one another,

The antigens associated with the phenol-water extracts were also
observed in many of the other antigen prgparations. At least one of
them was present in the heat-extracted capsular materials from P-2383
and P-1062, the CR antigen, and the RNA protein antigen. No endotoxin
components were observed in the SR antigen.

| It is generally recognized that 1fpopo1ysaccharides of gram
negative bacteria produce a nonspecific blastogenic response in
lymphoéyte cultures (Oppenheim and Perry, 1965). However, reports
indicate some species differences in this response. Mouse Tymphocytes
respond nonspecifically with an aTmost entirely B cell stimulation;
however, human 1ymphocytes do not respond well to lipopolysaccharides.
In human lymphocyte cu]tures,‘Tipopolysaccharides stimulate only B
cells of ﬁensitized subjects and do so only in the presence of some
T cells; it, therefore, behaves Tike a T;dependent B cell antigen
(Oppenheim énd Perry, 1965; Ivanyi and Lehner, 1975). In this investi-
gation% phenol-waﬁer-extracted lipopolysaccharide of P-2383 was not
observed t0 generate a significant blastogenic response in bovine
1ymphocyte cultures. Thus, this lack of reactivity probably represents
a species difference similar to that observed in man, Also, a specific
blastogenic response of presumably sensitized bovine 1ymphocytes
could not be demonstrated. That this is probably a characteristic of
the bovine Tymphocyte and not of the Tipopolysaccharide itself is
indicated by the nonspecific response to the same Tipopolysaccharide in

mouse iymphocyte cultures (Unpub]ished data). Thus it appears that
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cattle may not respond to endotoxin with either a specific or non-
specific B cell stimulation., It must be cautioned, however, that

the lack of reactivity observed in bovine lymphocyte cultures towards
the Tipopolysaccharide moiety of P-2383 may reflect the relatively
degraded nature of this antigen. Heddleston and Rebers (1975)
observed that phenol-water extracts of P, multocida were incapéble
of inducing active immunity in mice, chicks and rabbits, Their
investigations demonstrated that a protein moiety found associated
with their free endotoxin was essential for immunogenicity. The
absence of this protein moiety in the lipopolysaccharide of P.
multocida may also affect the blastogenic response observed in the
bovine, Therefore, any concrete conclusion on the reactivity of
lipopolysaccharide of P. multocida in the bovine immune §ystem must
take into account the presence of a protein moiety which may alter this
reactivity.

Free endotoxin from P-2383 was not extensivé]y studied in the
investigation. As would be expected from an endotoxin type material,
it demonstrated a nonspecific potentiation of b]éstogenesis in bovine
Tymphocyte cultures., This effect was quite erratic and of a Tow
order, Stimulation indices for control calves were observed to range
from below 1.0 up to 5 or 6. The particular preparation utilized was
not useful in indirect hemagglutination. Preparation of this material
by”u1trafi1tration of whole broth cultures probably ensured the
inclusion of high molecular weight media constituents. Thus, any

‘blastogenic response could riot have been directly attributed to the
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free endotoxin present in this material. The presence of this low
order response, however, does lend.credence to the hypothesis that
bovine lymphocytes may behave similar to human lymphocytes when
relatively undenatured endotoxin preparations are utilized. A

protein moiety associated with the Tipopolysaccharides oflg,'muTtOCida
may, therefore, be essential to stimulate blastogenesis of bovine
lymphocytes.

Maheswaran et al., (1975) demonstrated a specific blastogenic
response in cultures -of turkey Tymphocytes with a free endotoxin
preparation from agar grown P-1059. Maximum stimulation, observed at
4 ng/culture, gave the poorest blastogenic response of the antigens
which they investigated. The presence of ‘a specific blastogenic
response in senisitized turkey Tymphocytes serves to point out the
marked species differences in reactivity which may occur.

It must be pointed out that the requirement of -a relatively pure
antigenic entity is probably not met by free endotoxin. This material
is of a particulate nature (Ganfie]d et al., 1976). It is apparently
composed of relatively undenatured cell wall material and, therefore,
would be expected to contain some capsular po]ysaccharide.and possibly
other antigenic moieties. Thus, it would appear premature to ascribe
a specific blastogenic response to the 1lipopolysaccharide-protein
entity of P. muitocida.

The use of TCA-extracted endotoxin offered no advantages over the
phenol-water extracted material. The difficulty in obtaining this

fraction in quantities sufficient for investigation 1imited its
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applicability in serologic tests. Extensive use of this preparation
in lymphocyte blastogenesis investigations proved disappointing.
At no time was a dramatic response observed with this antigen. It
therefore appears that weak TCA extraction of P-2383 either 1) de-
natures a component of the bacterium responsible for a blastogenic
response or 2) does not extract such a component from the cell walls
of P-2383. Which of these two situations is occurring is not known
af this time and is worthy of further investigation.

The saline extracted capsular antigen was observed to be only
slightly reactive in indirect hemagglutination and nonreactive in
gel diffusion precipitation and immunoelectrophoresis. It did, however,
elicit a specific blastogenic response in bovine lymphocyte cultures,
albeit to a Jow degree. A mean stimulation index of 2.3 + 0.9 was
observed between days 1-14 following injection of viable P-2383.
In addition, a response deemed to be significant by analysis of
covariance but of very low order was observed in cattle which received
the P-2383 RNA protein preparation intradermally. This response was
observed late (> 20 days) in the post~injection period. A specific
blastogenic response, therefore, is present in lymphocyte cultures of
cattle sensitized with either the viable P-2383 or the RNA-protein
antigen of this bacterium, Again, it must be emphasized that the
nature of the antigen or antigens giving rise to this response is
unknown since the saline extract contains both endotoxin and poly-
~saccharide mofeties and possibly other baéteria] components as indicated

by Penn and Nagy (1974).
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It is interesting to note that the CR preparation injected :
intradermally into cattle did not sensitize Tymphocytes to the saline-
extracted antigen. The only easily detected difference between the
CR and the RNA-protein preparations was the presence of the E antigen
as observed in the immunoelectrophoretograms. However, it would be
extremely premature to assign the role of a specific sensitizing antigen

to this entity. There may be other qualitative as well as quantitative

differences not apparent in these two preparatioﬁs. : !
The "capsular" preparations of P-2383 and P-1062 obtained by heat-

extraction were readily demonstrated to contain antigenic materials by

the IHA test. Analysis of these materials by gel diffusion precipita-

tion and immunoelectrophoresis, however, proved difficult. Both

materials probably contain.endotoxin and capsular polysaccharides.

Weak precibitation‘1ines were observed on gel diffusion hrecipitation

which corresponded to the position of the endotoxin 1ines present in

the phenol-water extracts. The capsular éxtracts appeargd to share

at least one other component with the CR, SR and RNA-protein antigens. .

This may correspond to capsular polysaccharides which theoretically

should be present in most of these fractions. A lymphocyte blastogenic

‘response wés not generated by most of these fractions. Lymphocyte

blastogenesis was not demonstrated with the heat-extracted capsule of

P-2383. This is contrary to the findings of Maheswaran, et al., (1975)

with turkey Tymphocytes. Their investigation found a highly specific

blastogenic response to this type of antigen. Differing results between

these two investigations may indicate: 1) a difference between the

antigenic makeup of the Pasteurella strains involved or 2) differences
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between the responses of turkeys and cattle to this component of
P. multocida.

A major problem observed in this investigation was the toxicity
associated with the heat-extracted capsular preparation. The capsular
material was demonstrated to be more toxic to bovine peripheral blood
lymphocytes than any other fraction studied. At higher concentrations,
stimulation indices below 1.0 and often less than 0.5 were observed.
The toxicity of such capsular extracts is interesting to note in Tight

of the demonstrated toxic. effects exhibited by Pasteurella hemolytica

on alveolar macrophages (Markham and Wilkie (1980). Heat-extracted
capsular antigen of P-2383 was demonstrated to markedly inhibit the

iodination reaction of bovine polymorphonuciear leukocytes in vitro

(Unpublished data). The relationship of the demonstrated toxicity of
thjs preparation to its importance as a protective immunogen warrants
clarification..

Crude polysaccharide prepared from spent culture media of P-2383
demonstrated a Tow order of reactivity in all assays for antibody. |
Miller et al., (1975) observed that their crude polysaccharide

antigen isolated from Hemophilus somnus also demonstrated little

serologic reactivity in cattle. This fraction received extensive
chemical and physical treatment. One hypothesis is that such .treatment
may have altered the chemical or physical makeup of this material
resulting in lowered antigenicity. Another hypothesis is that cattle
may not form significant amounts of an?ibody to the polysaccharides of

P. multocida. Bush and Kaeberle (Unpublished data) have demonstrated
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that such a situation exists with Hemophilus somnus in cattle.

Rabbits were observed to readily produce demonstrable antibody to a
crude polysaccharide material prepared similarly to the one utilized
in this work. Cattle, however, produced no demonstrable antibody to
the same crude polysaccharide. Schutze (1932) demonstrated that

different components of Yersinia pestis were responsible for immunity

in different animal hosts. Thus, direct extrapolation of data
obtained in species other than cattle may not be entirely valid.

Investigations in which certain properties héve been ascribed
to the capsular polysaccharides of P. multocida have been misleading.
To this author's knowledge, no purified polysaccharide component of
P. multocida yielding only'a single precipitin line on both gel
diffusion-precipitation and immunoelectrophoresis has yet been
jnvestigated in cattle.

Historically, the role of protective immunogen has been ascribed
to either the capsular polysaccharide or the 1ipopolysaccharide moiety
of P. multocida. Indeed, one, or both, may very well be the protective
immunogen in septicemic types of pasteurellosis. However, Mukkur
and Nilakantan (1969) and Alexander and Soltys {1973) have indicated
that such a relationship between protection and the Tevels of antibody
fractions may not exist in hemorrhagic septicemia and fowl cholera. It
was observed that the antibody titers against these fractions obtained-
in their investigations had a negative correlation with protection.
Animals with higher antibody titers were observed to have less

protection against challenge with P. multocida than animals with lower
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titers. The majority of investigations, however, indicate that
immunity to-P. multocida is humoral in .nature in septicemic pasteurel-
losis. The exact nature of this immune response and knowledge of
which antigens are protective remains unclear at present.

The nature of an effective immune response of the bovine to
pneumonic pasteurellosis may represent a completely different situation
from that observed in septicemic types of pasteurellosis. Such con-
siderations are of importance in light of the possible toxicity of the
capsular polysaccharide and 1ipopolysaccharide antigens. Such a
situation is indicated by the toxicity associated with the heat-
extfacted capsule of P-2383 in cultures of bovine lymphocytes. In
addition, large amounts of capsular polysaccharides may interfere with
the immuno]ogica1'response of the bovine to other antigenic materials.
Nakashima et al. (1971) demonstrated a decreased serum antibody
response in mice to bovine serum albumin (BSA) when capsular poly-

saccharides of Klebsiella pneumoniae were injected 3 to 30 days

prior to injection of BSA. In cattle, stress has been associated with
so-called "vaccine breaks" in which recently vaccinated animals are
affected with pneumonic pasteurellosis. Such stress factors may
include a nonspecific immunosuppression caused by the capsular or ce]i
wall compohents of commercial bacterins. Definitive proof for such a-
theory has yet to be demonstrated.

Crude polysaccharide from P-2383 was also lacking in ability to
stimulate a blastogenic response in cultures of bovine lymphocytes.

This material was not included in later work for this reason. This
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fraction possessed toxicity similar in nature to that observed with
the heat-extracted capsular preparation of P-2383 in lymphocyte
cultures,

The CR, SR and RNA-protein fractions of P-2383 presented the most
complex antigenic makeup of the bacterial fractions utilized in this
investigation as observed in gel diffusion precipitation and immuno-
electrophoresis. Whether this distinction is qualitative or quantita-
tive in nature is difficult to assess in Tight of the relatively poor
and ill-defined reactions observed with the other antigens employed in
thése tests. Of all the antigens studied, the CR, SR and RNA-protein
preparation, were subjected to the least chemical and physical de-
gradation. This in all probability preserved the antigenicity observed
with these materials and facilitated their study.

The CR and RNA-protein preparations were clearly observed to
contain lipopolysaccharide-like materials by gel diffusion precipitation.
The methods by which these fractions were prepared ensured the inclusion
of endotoxin. The ultracentrifugation of the CR antigen at 108,000 g
is similar to accepted procedures for préparation of endotoxin as is
the ethanol precipitation employed in production of the RNA-protein
antigen (Staub, 1967). Attempts to reduce the amount of endotoxin
present in these preparations by centrifugation of the disrupted
bacteria at 65,000 g for 1 hr. were only partially successful. The
SR preparation did not contain any demonstrable endotoxin as observed
in gel diffusion precipitation.

The CR, SR and RNA protein fractions were observed to contain
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components on gel diffusion precipitation which formed 1ines of

identity with thé heat-extracted capsular materials of P-2383 and P-1062,
although the exact relationship could not be clearly defined. Tﬁe use
of immunoelectrophoresis was of no assistance in elucidating the
relationship of these antigens. Presumably the CR, SR and RNA-protein
fractions, should contain capsular constituents since no effort was

made to exclude these materials. The relatively sharp, well-defined
antigenic makeup of the CR, SR, and RNA-protein fractions compared with
the heatnextracted capsules may result from the 1nc]ustn of interfering
materials in the latter. Carter (1967b) has indicated that the capsule
of Type A P. multocida contains large amounts of hyaluronic acid. This
or possibly other constituents may be released more readily upon heating
of the bacteria. Such nonantigenic moieties may interfere . with either:
1) the diffusion of the antigens in the heat extracts Teading to a
blurring effect or 2} the precipitation reaction between the antigens
and antibodies in the system. The difference in these antigens may

also result from a low concentration of specific antigens in the heat
extracts. Concentration of these fractions by removal of water resulted
in an increasingly viscous material which was of no use in either gel
diffusion precipitation or immunoelectrophoresis, That a higher con-
centration of antigens in the SR fraction was responsible for the

clear pattern of precipitin 1ines is a hypothesis not supported .by the
indirect hemagglutination results. Although such relationships are

not entirely quantitative, it required a Targer volume of the SR

fraction to sensitize SRBC than it did of the heat-extracted capsular
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preparations. Thus, either more of tHe specific antigen(s) were
present in the latter or it was present in a state which was more
readily coupled to SRBC. Last]& an obvious explanation of the
dffferences between these fractions may be that the antigens are not
the same. As observed in the gel diffusion precipitation tests,
there is no conclusivé demonstration of identity. A more definitive
coﬁparison awaits the clarification of the antigenié makeup of the
heat-extracted capsular materials.

Differences were observed between the antigenic makeup of the CR,
SR and RNA-protein antigens of-P-é383-on gel diffusion precipitation
and immunoelectrophoresis, By immuncelectrophoresis, antigen D was
observed to be present in the SR and RNA-protein preparations and absent
~ fram the CR preparation. Thus, it appears that the D antigen is of
relatively low molecular weight since it was not present in the CR
pellet obtained on ultracentrifugation.

Other marked differences were demonstrated between these fractions.
Overall, the SR preparation contaihed only three antigens compared with
at least 5 and possibly more associated with the CR and RNA-protein
preparations. The SR preparation-lécked antigen A as observed in
immunoelectrophoresis. The absence of antigen A in the SR preparation
and its presence in the ultracentrifuged CR prepération indicates that
this antigen has a relatively high molecular weight. The great
mobitity of this antigen when eTectrophéreséd indicates the presence
of a large number of negatively charged groups. Both conditions are

consistent with a Targe molecular weight polysaccharide moiety. It is
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of interest to note that, in the absence of antigen A, a highly
significant blastogenic response was generated in lymphocyte cultures
of cattle injected intradermally with the RNA-protein preparation.
Stimulation indices of 2.3 + 0.66 and 2.4 * 0.22 were observed for the
25_ﬁg levels of SR antigen in cattle immunized in£raderma11y with the
RNA-protein preparation. This compares with values of 4.2 + 1,84 and
3.3 + 1.76 for the RNA-protein preparation at the same dosage rates
respectively and in the same cattle during the same time period. The
CR fraction which contained the A antigen gave stimulation indices of
1.8 + 0.33 and 1.9 + 0.33 respectively for the 25 and 50 ug Tevels.
Thus, this specific blastogenic response must be generated by a
component other than the A antigen. This narrows the choice down to
the B, C, and D antigens as observed in the immunoelectrophoretograms.
However, it must be cautioned that more than one of these antigens
may be-involved in such a response. It is also of great interest to
note that a specific blastogenic response occurred in the absence of
the high molecular weight, endotoxin-1ike material observed in the
RNA-protein preparation. It appears, therefore, that the entire
blastogenic response cannot be attributed to a T cell dependent, B
cell blastogenesis caused by lipopolysaccharides similar to that
described in cultures of human lymphocytes (Oppenheim and Perry,
1965).

| The SR preparation contained the B and C antigens as indicated
by the immunoeltectrophoretograms. Prince and Smith (1966a, b)

observed an antigen which moved electrophoretically very similar to
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either of these two antigens. They labeled this the B antigen and

demonstrated its existence in all Pasteurella multocida as a heat stable,

type specific antigen. Their B antigen was demonstrated to be
polysaccharide in nature. The resemblance between the B and C
antigens of P-2383 and the B antigen of Prince and Smith is, at best,
superficial. Further investigation must be carried out to define the
rélationship between these antigens.

The presence of antigens B and C in the immunoelectrophoretograms
of all three fractions was of great interest. Their presence in both
the supernatant and pellet from the disrupted bacteria indicated that
these antigens exisfed in both Tow and high molecular weight forms.

Two explanations are readily apparent: 1) The antigens involved may
have been capsular polysaccharide or other cell wall constituents

which varied in their degree of polymerization and thus their molecular
weight. 2) The antigens may have been of uniform size and molecular
weight but a portion of them were found free in the éupernatant and the
rest were bound to other cellular constituents. Such constituents
could have been cell wall fragments or cellular organelles. The
possibility exists that a portion of the B and C antigens could have
been bound to the ribosomes of P-2383 and another portion of B and C
not bound. If this was true, then the B and C antigens are protein

in nature and represent proteins caught in the act of being synthesized
on the ribosomes. However, the work of Prince and Smith (1966a, b)

would indicate that at Teast one of these is polysaccharide in nature,
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The B and C antigens were highly mobile on immunoelectrophoresis
indicating the presence of a large number of acidic groups. This is
consistent with a polysaccharide entity. B and C could also have a
protein associated with them. Such a protein could form a portion

of the cell wall of P. multocida. Rebers and Heddleston '(1974).
indicate that a protein moiety is essential for immunogenicity of free
endotoxin which arises from the cell walls of P. multocida. The
presence of the B and C antiéens in both the CR and SR fractions
indicates that they must be present in an unbound form as well as

a constituent of or in assoéiation with other components, It appears
that the most likely explanation is that B and C are cell wall con-
stituents,

The D antigen was an_antigen observed in the imﬁunoe1ectrophoretoe
grams of the SR and RNA-protein preparations but not the CR preparation.
Thus, this may be an antigen involved in the superior blastogenic
response seen with the SR and RNA-protein antigens in bovine 1ymphocyte
cd]tures. The electrophoretic mobility of this antigen indicates it
to be low in charged groups. Precise definition of this antigenic
constituent must await further investigation.

Another readily apparent distinction between the CR, SR, and RNA-
protein preparations was the presence of the E antigen in the latter
as observed in the immunoelectrophoretograms. The presence of this
antigen only in the RNA-protein fraction may have some bearing on the
superior blastogenic response observed in bovine Tymphocyte cultures

in this investigation. Its exact role cannot be ascertained from the
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observed data and elucidation of its role must await purification
and characterization of this antigen. It can be noted from the
immunoelecfrophoretograms that antigen E did not move readily when
electrophoresed. Indeed it appeared to move in both directions from
the antigen well. It was, therefore, composed of molecular constituents
which have an isoelectric point near pH 8.2. It was observed to
diffuse readily through the agar indicating a molecular weight
similar to that of the D antigen. The indications are that this is a
protein antigen. |

One diﬁturbing point must be brought out concerning the E antigen.
Theoretfcally, it should be present in either the CR or SR fractions.
This 1is bécause the RNA-protein fraction has, as its starting material,
the raw material for the CR and SR fractions; nothing is discarded
and yet an additional anhtigen appears when starting material is pre-
cipitated with ethanol rather than ultracentrifuged. The only possible
explanation.is that this fraction may become aggregated with another
component of the CR preparation during ultracentrifugation. Thus, it
is not observed in the immunoelectrophoretograms of the CR fraction.
It is germaine to note here that minor variations did exist in the
positions of the other component antigens in the CR fractions when
compared to the SR and RNA-protein fractions. Also an H antigen
appeared in the CR.preparation which was not present in either the SR
or RNA-protein fractions. It is conceivable that this antigen may be

involved in such an aggregation effect. The aggregation of the E




124

antigen with another component could have conceivably altered its
iﬁmUnogenic and blastogenic capabilities. Thus, another intriguing
question is presented which is worfhy of further investigation.
Another ihteresting antigen was the G antigen observed in
immunoelectrophoresis of all preparations except the RNA-protein and
phenol-extracted endotoxins. This antigen appears to be identical
to the o antigen present in the immunoelectrophoretograms of Prince
and Smith (1966a, b). These investigators determined that this
antigen was not highly heat stable. The relative weakness of this
precipitin Tine in the immunoelectrophoretograms of the heat-extracted
capsules of P-2383 and P-1062 is readily explained in Tight of this
fact. The nature of this component is difficult to ascertain. It
moves extremely heterogeneously on electrophoresis. Thus, there must
be a marked variation in the number of charged groups on its con-
stituent antigens. It does not diffuse readily through the agar
as demonstrated by its formation of a line midway between the anti-
serum troughs. Thus, it may be assumed to be of a relatively high
molecular weight. One could reasonably expect a capsular or cell
wall polysaccharide bound to a variable amount of protein to behave
in this fashion. Prince and Smith (1966a, b) determined that this
antigen was susceptible to proteolytic digestion. The heat lability
and the susceptibility to proteolytic digestion of this antigen may
be a function of an accompanying protein moiety. Again, this is
merely speculation and definitive proof awaits further investigation.

It can be stated, however, that this antigen probab]y.p1ayed no role
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in the specific lymphocyte blastogenesis which was observed in this
investigation. Indeed, this antigen may be responsible for some or

all of the toxic effects observed with the various fractions. The
superior blastogenic response of bovine lymphocytes stimulated with

the RNA-protein preparation which apparently lacks the G antigen

could possibly be a result of the absence of this antigen. Thus, there
may have been a decrease in the amount of lymphocytotoxic material
present in the RNA-protein fraction.

The emp1oyment of the SR antigen in the indirect hemagglutination
test was of considerable value. It appeared to be the most sensitive
test of recent antigenic stimulatfon by P. multocida. Thus, it was of
use to screen animals for prior exposure. On gel diffusion precipita-
tioﬁ and immunoelectrophoresis the RNA-protein preparation was observed
to contain the same three antigens found in the SR preparation, Thus,
it must be assumed that the use of this fraction in the indirect
hemagglutination test should be successful. The CR preparations
should also be useful in this test. The major obstacle to their use
was their hemolyzing effect on sheep red cells. If this problem with
hemolysis could be overcome, both the CR and RNA-pfﬁtein fractions
should be able to specifically sensitize SRBC. The SR preparation
also was capable of causing enough hemolysis to interfere with the
coupling of this antigen to SRBC by glutaraldehyde. This effect was
minimized by carefully controlling the temperature of the reaction
mixture. At temperatures above 25° C the hemolysis occurred readily,

although to a low degree. The hemolysis superficially appears to be
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an enzyme mediated phenomenon. Gel electrophoresis has demonstrated
the presence of multiple protein bands in the SR fraction, some of
which may represent bacterial enzymes. It is, therefore, not
unexpected that one or more of these may act upon the red cell
membrane to produce a lytic effect.

It is also interesting to note that significant levels of antibody
were generated in cattle by intradermal injection of the CR and RNA-
protein preparations., Analysis of covariance revealed that no
difference existed between antibody levels generated by these two
preparations and the anfibody Tevel gengrated by intradermal injection
of viable P-2383. Two important facts are thus brought out: 1)} the
intradermal injection of cattle does generate a significant antjbody
response and 2) no differences were observed in the degree of this
response between those cattle receiving viable P, multocida or those
receiving the CR or RNA-protein preparations. On the basis of the
Timited results obtained in this investigation, it would appear that
intradermal 1njectiqn of cattle is capable of producing a good immune
response. With the present methods, large scale intradermal injections
of cattle would be laborious and time consuming, If a method for
rapid intradermal injections were avaiiable, such a route of inoculation
could be very useful. At the present time, however, intradermal
injections of cattle on a large séa1e are not feasible.

The use of the word "ribosome" may be a misnomer for the CR
preparation. This fraction was observed to contain many antigenic

materials, including endotoxin-like antigens and capsular antigens.
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In the absence of gel diffusion precipitation or immunoelectrophoretic
analyses of the ribosome preparation of Baba (1977) it is impossible to
compare the CR fraction with his material. It is of great interest

to note that immunogenicity of such ribosomal vaccines have been
attributed to the presence of ribosomal RNA. Youmans and Youmans

(1973), found that the protective activity of RNA from Mycobacteria

lies not in the single-stranded but in the double-stranded 235 RNA.
However, Baba (1977} found no protective effect at all in RNA from P.
multocida. A protein moiety is apparently essential for full immuno-
genicity. The RNA in the case of P. multocida is probably acting as an
adjuvant,

It is becoming increasingly apparent that the immune response to
P. multocida is not as straightforward as it is for many other
bacterial agents. In 1977, Collins reviewed the data available at that
time on the mechanism of the immune response to P. multocida. He
concluded that all evidence indicated the immune response was totally
humoral in nature. He based this conclusion on some excellent
studies of the growth of P. multocida in both immune and nonimmune
mice. However, his work raised some disturbing questions on the
nature of this humoral immunity,

Collins (1973) observed that in nonimmune mice, 98% of a
peritoneal challenge remained in an extracellular phase in peritoneal
washout cultures. The addition of immune serum prior to peritoneal
challenge resulted in 95% of the bacterial population becoming cell

associated. However, in the latter case, the rate of inactivation of




128

the phagocytosed organisms was not increased. In fact, viable counts
were observed to increase. The addition of penicillin was unable to
halt this increase in viable counts. Even macrophages taken from

the peritoneal cavities of demonstrably immune donors were unable to
halt the growth of viable bacteria. Thus, it appears that P. muTtocida
is capable of multiplying within peritoneal macrophages regardless

of the presence of specific opsonins and/or cells from immune mice.
Experimentation in our laboratory on the killing of P. multocida by
bovine polymorphonuclear Teukocytes (PMNs) in vitro indicated a

similar resistance to phagocytosis and killing (Unpublished data).

In the presence of immune serum and PMNs, fully virulent P-2383 were
observed to increase in numbers over cultures containing only immune
serum and bacteria. Multiplication of a blue dissociant of P-2383

in the presence of PMNs and immune serum was observed to be significantly
reduced.wﬁen compared to cultures of P-2383 and immune serum. By
dissociating from a fully virulent, iridescent form to a relatively
nonpathogen%c, blue form, P-2383 lost the ability to resist phagocy-
tosis and killing.

The implications of the above findings are disturbing in 1ight of
the demonstrated humoral immune response to P. multocida. Woolcock and
Collins (1976) indicated that, even in fully protected mice, dramatic
growth of P, multocida oﬁcurred in the Tivers and spleens of intra-
venously challenged mice. The numbers of viable bacteria recovered
from éach organ increased 10 to 50 fold over the number of challenge

organisms injected intravenously into a given mouse. Such growth
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occurred for up to seven hours in mice vaccinated subcutaneously with
two doseS of heat-killed P, multocida incorporated into either
Freund's complete or incomplete adjuvant. Mice vaccinated 16 days
prior to challenge with Tive BCG followed by 200 pg heat-killed P.
multocida 4 days prior to challenge demonstrated similar in Vivo
growth of P. multocida up to 18 hours following challenge. These
findings indicate that P. multocida is able to resist to some extent
the normal mechanisms utilized by phagocytic cells to kill ingested .
bacteria. It was concluded that immunity to P. multocida is humorally
mediated; however, there appear to be factors involved which have
not been explained, Heddleston and Watko (1965) and Bhasin and Biberstein
(1968) copc]uded that neither the agglutination nor passive hemaggtu-
tination reactions gave a true indication of immune status in vaccinated
birds subsequently exposed to virulent P, multocida. Alexander and
Soltys (1973), observed a negative correlation in turkeys in some
céses between serum agglutination titers and immunity to challenge.
Serum with a titer of 640 was found to be Tess protective than serum
with a titer of 160, In all instances, immunity to challenge was
greater at 35 days post immunization when antibody titers had fallen
off considerably than it was at 19 days post 1mmdnizétion when
agglutinin titers were at their peak.

Two conclusions can be drawn from the above discussion: 1) immune
sefum alone is not bactericidal to fully virulent serotype A P.
multocida and 2) immune serum does not significantly increase the

capacity of polymorphonuciear leukocytes to phagocytose and inactivate
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fully virulent serotype A P. multocida. In light of the observations
of Collins (1977) on the in vivo growth curves of P. multocida the
the nature of this humoral protection remains an enigma. The possi-
bility exists that.immunogens other than those reacting in the
agglutination and passive hamagglutination tests are impqrtant in the
immune response. P. multocida presents a very complex antigenic
mosaic as indicated by the gel diffusion and immunoelectrophoresis
results presented in this investigation., Prince and Smith (1966a, b)
and Baxi et al. (1970) also present evidence for the complexity of
the antigenic makeup of P. multocida. Many workers have concluded
that the protective immunogen is capsular in nature and others that
the.protective immunogen is the endotoxin moiety. The above results
indicate that perhaps neither may be responsible for protective
immunity in the species named.

The results presented in this investigation have demonstrated
the presence of a specific blastogenic response in bovine Tymphocyte
cultures to certain antigenic fractions of P. multocida. Cattle
immunized intradermally with viable P-2383, CR and RNA-protein
fractions were observed to have increased stimulation indices
particularly with CR and RNA-protein antigens. The presence of a
Tymphocyte blastogenic response in cattle indicates that the mechanism
of immunity to P. muitocida, although Tong considered to be entirely
humoral in nature, may also involve a cellular response. The results
presented here concur with those published by Maheswaran and Thies

(1979). Using whole blood cultures, these workers were able to
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demonstrate a highly specific response in immunized cattle to a
soﬁicated soluble fraction (SSF) of P, multocida. This fraction bears
a superficial resemblance to the starting material for the CR, SR

and RNA-protein antigens utilized in this investigation. The SSF was
prepared by sonication of viable P. multocida followed by centrifugation
to remove particulate debris. Such preparations undoubtedly preserve
antigenicity to a greater extent than can be maintained with other
extraction procedures. It would have been of significant interest if
the authors had related Bﬁastogenic responses with serological
responses in their cattle. It is also interesting to note that they
produced specific immunosehsitization through the administration of a
formalin-killed bacterin. In our preliminary studies, cattle immunized
with heat-killed bacterins incorporated in aluminum hydroxide gel,

did not demonstrate a blastogenic response to P. multocida antigens.

It must.be pointed out that the dosage rate of bacterin used in our
preliminary work was much Tower than that employed by Maheswaran and
Thies.

The presence of a possible cell-mediated response to certain
antigenic fractions of P, .muitocida is of importance in understanding
the entire mechanism of the immunity or susceptibility of cattle to P. .
multocida. Cell mediated responses have been demonstrated for such

bacterial agents as Mycobacteria, Listeria, Brucella and Salmonella

(Collins, 1974). Tizard and Ellicott (1974) were able to demonstrate

macrophage migration inhibition reactions to Pasteurella hemolytica

in mice. These authors were unable to demonstrate a delayed-type
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hypersensitivity to either lipopolysaccharide or 1ipoprotein antigens.
They did, however, elicit an Arthus reaction to these fractions. The
macrophage migration-inhibition is in contrast to the findings of
Collins and Mackaness (1968) who indicated that, for Salmonellae,
Tipopolysaccharide-containing cell wall antigens were not directly
involved in cell-mediated responses.

Cell mediated responses to such bacterial agents as Mycobacteria,

Salmonella and Listeria are much more apparent than those observed with

P. multocida. Challenge of immune hosts with- these agents Teads to a
predominantly mononuclear phagocytic cell response with little evidence
of a polymorphonuclear infiltration of lesions. Collins (1977) observed
that the response of immune mice to P. multocida was almost entirely
polymorphonuclear in nature. Thus, with a systemic cha]]enge, an
jmmune response involving mediation by specifically sensitized cells
of the mononucltear series was not observed.

The significance of the demonstrated lymphocyte blastogenic
response lies in the fact that such a response could be demonstrated
at all. Little evidence exists for a specific cellularly mediated
mechanism playing an important role in systemic infections by P.
multocida. However, in the immune response to aerogenic challenge such
a mechanism could play a significant role. In view of the data
available at this tfme, it seems somewhat naive to assume an
entirely humoral mediation of resistance. The historic dichotomy of
" the immune system has given way in recent years to a realization that

both cellular and humoral responses occur to many bacterial agents.
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wi£h Listeria and Salmonella infections in mice, both aspects of the
immune system-aré called into play. Ultimate responsibility for
é1{m1nation-of the batterium from the reticuloendothelial organs,
'howeder, rests with the specifically activated macrophage. A similar
sixuafjon involving ce11§ other than macrophages may exist with P.
mulfoc{da. It has been démonstrated thgt good protection cén be
obtained by transferring immune serum into normal mice and
cﬁicks {Collins, 19775. However, what is not indicated is the
longevity of such passive protection. In our work with passively
protected mice, the ﬁicé demonstrated good immunity up to 5 days
following challenge (Unpublished data). However, subsequent to this,
mortﬁiity was observed to increase dramatica]iy. The wofk of Collins
] and.wpo1COck (1976) and Woolcock and Collins (i976) is noteworthy
for its lack of chteria] counts on mice after 4-6 days post challenge.
It'w0u1d be of 1nterest; therefore, if a rebound of viable bacterial
counts were observed in the tissues of passively protected mice 7 or
more?days following challenge. If it occurs, such a'rebound|0f viable
batterial counts could reflect a decrease in the quantity of circulating
antibody in passively protected mice. This could be due to catabolism
of the immunoglobulins. Where adeduate Tong-term protection does
joccur de-novo antibody synthesis coup]ed with a cellular response.may
be respons1b1e for the ultimate clearance of the residual P, multocida
frqm.the reticuloendothelial organs,

fhe mechanism‘of immunity-to pneumonic pasteurellosis in cattle may

'bean 1i;t1e resemblance to that associated with systemic infections.
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in mice. Even in mice, circulating antibody, demonstrated to be fully
protective against intravenous challenge, was observed to be much less
effective against aerogenic challenge (Woolcock and Collins, 1976). In
both actively and passively immunized mice, an aerogeﬁic challenge of

EJ multocida was observed to multiply at an unrestricted rate for Tonger
periods of time than was observed with intravenous or intraperitoneal
challenge.

Collins (1977) observed that much higher numbers of viable P.
multocida were required for an effective aerogenic challenge of mice
versus an intravenous or intraperitoneal challenge. Thus, there
appears to be a great difference in the degree of protection when
"immune" animals are challenged by an aerogenic route versus other
routes. The nature of these differences have not been adequately
addressed to date. The primary mode of natural chalienge is certainly
not intraperitoneal or intravenous; it is aerogenic, While protection
against the hemorrhagic septicemia and fowl cholera entities of P.
multocida infections can be measured by such parenteral routes, the
only true measure of protection against pneumonic pasteurellosis is via
an aerogenic challenge. Once colonization of the bovine lung has
occurred and the host pulmonary immune reactions have been initiated,
the eventual outcome appears to rest with the pulmonary defenses and
not the systemic clearing mechanisms. Therefore, the production and

testing of Pasteurella multocida bacterins on the basis of systemic

challenge systems would appear inappropriate and possibly misleading.

The difficulties of establishing a reliable system for aerogenic
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challenge of cattle have been well-documented (Carter 1967b). Various
stress factors have been found to be essential to a successful cha]Ténge
with this organism, Stress factors such as prior'or concomitant
infection with another infectious agent, shipping, or injection of
corticosteroids have all been employed successfully.

Heddleston et al. (1962)‘and Hetrick et al. (1963) were able to in-
duce a febrile response and respiratory illness in calves receiving aero-
solized P, muTtocida and myxovirus parainfluenza 3 (PIS). Hetrick et al.
(1963) demonstrated a synergistic infection when PI3 was administered 2
days priof to, simultaneously, or 2 days following intratracheal inocu-
lation of P. multocida. Other investigators have found it necessary

to employ similar stressing agents to establish aerpgenié challenge routes

with the related agent, Pasteurella hemolytica. Collier (1968) was able
to effectively challenge éa]ves with E: hemolytica by an aerosol route
30 days subsequent to intratracheal inoculation of infectious bovine
rhinotracheitis virus, High febrile reactions and marked clinical signs
were observed in 4 of 4 calves following .the P, hemolytica challenge.
Gilmour et al. (1975) were able to effectively challenge Tambs with

an aerosol of P. hemolytica, It appears, therefore, that aerogenic
challenge routes are feasible if one is willing to accept the complica-
tions incurred by inclusion of a stressing agent within the experimental
model. The use of various stress factors and viral agents to assist

in establishing an aerogeﬁic challenge route in cattle is not without
merit, Stress factors associated with shipping are known to play an

important role in pneumonic pasteurellosis although- the mechanisms
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involved have not been elucidated {Carter, 1967a). In a&dition to IBR
and PIB'viruses, bovine viral diarrhea virus and aderoviruses have been
implicated as predisposing or synergistic agents, It appears,
therefore, that an experimentd] model inciuding various stressing
agents coupled with an aerogenic challenge of P. multocida is a far
more accurate measure of the protective response of cattle to various
immunizing agents when compared to systemic challenge of mice.

Attempts have been made to study the various aspeéts of the pulmonary
immune defense méchanisms. Two of the most important factors in the
resistance of a host to aerogenic bacterial infections are alveolar
macrophages and mucociliary clearance. Lung clearance studies have been
used by several workers to investigate respiratory defense mechanisms,

Green and Kass (1965) found that Staphylococcus albus was cleared from

from mouse Tungs more rap%d]y than either §. aureus or Proteus

mirabilis, Cold, as an environmental stress, was not found to affect
clearance rates, but wetting and exposure to cold significantly reduced
clearance. Sellers et al. (1961) and Kass et al. (1966) demonstrated
a severely impaired clearance of S. aureus subsequent to influenza
virus infection in mice.

Several workers have studied the clearance of gram negative
bacteria from the Tung. Green and Kass (1965) found that Pasteurella

pneumotropica was cleared from mouse lungs at a slower rate and with

more variability than was S. aureus. Jackson et al. (1967) demonstrated

that Pseudomonas aeruginosa multiplied rapidly for the first hour and

only then did clearance begin. This situation bears a resemblance to
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that of Pasteurella multocida in murine Tungs (Woolcock and Collins,

1976). P. multocida multiplies freely for several hours before onset
of bacterial clearance.

Investigations such as those described above point out the marked
variation in the ability of the mucociliary blanket and pulmonary
alveolar macrophages to clear various bacterial agents. Of.those agents
studied, virulent gram negative rods appear to resist such clearance
mechanisms. Such resistance to the normal pulmonary cliearance mechanisms
may involve specific cytotexic or immunosuppressive actions by com-
ponents of the bacterial agents involved. Markham and Wilkie (1980)
demonstrated that P. hemoiztica introduced into cultures of bovine
alveolar macrophages caused the release of 51CR. Culture supernatants
of P, hemolytica were observed to depress phagocytosis in alveolar
macrophages at’ Tow concentrations and exhibit cytotoxicity at high

concentrations, Schwab (1975) reviewed thé data available on the
suppression of the immune response by various microorganisms. Immune

suppression has been demonstrated for Group A Streptococci, Coryne-

bacterium parvum, Mycoplasma, Pseudomonas aeruginosa, Bordetella

pertussis, Klebsiella preumoniae and Escherichia coli. Specific

immune suppression by components of P, multocida would therefore not
be unexpected under certain circumstances.

Friend et al. (1977) presented evidence that systemic immunization
with P. hemolytica can result in a more severe pneumonia upon challenge
exposure, either naturally or experimentally, than that observed in

nonvaccinated cattle. The results of Markham and Wilkie (1980),
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indicate that bovine pulmonary antibody possessing opsonizing activity
for P, hemolytica, may Tead to death or damage of the pulmonary alveolar
macrophages following phagocytosis. Under such circumstances, specific
opsonizing antibody, rather than being beneficial, may enhance the
severity of the disease process rather than mediate protection. These
observations may in part explain the marked growth of phagocytosed P.
multocida i1n peritoneal macrophages demonstrated by Woolcock and

Collins (1976). These investigators demonstrated a similar increase

in viable bacteria within the lungs of immune mice. It would be of
great interest if specific opsonins were enhancing phagocytosis of P.
muTtocida in thé alveolar macrophage without an accompanying activation
of that macrophage. By such a mechanism, a detrimental effect would be
exerted on the immune response of the host. This would explain in part
the relatively poor protective immune response observed with formalinized
bacterins in bovine pneumonic pasteurellosis. If this is indeed the
case, alternate immunizing agents should be found or the practice of

vaccination of cattle with formalinized bacterins re-examined.
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SUMMARY

The objectives of this investigation were to: 1) 1isolate and
characterize various immunogenic fractions of Type A Pasteurella
multocida and 2) characterize the nature of the immune responses
of the bovine to these immunogenic fractions. A clinical isolate
(P-2383) and a strain commonly utilized for production of bacterins
(P~1062) were fractionated by various means. These fractions
were characterized chemically for proteiﬁ, ribonucleic acid and
carbohydrate content.

Serologic procedures to analyze the various fractions demonstrated
the presence of one or more immunogens in each fraction. Several of
the prepqrations contained multiple immunogens and many of the immunogens
were present in more than one fraction. The exact relationship of
many of the immunogenic moieties and their role in protective immunity
remains to be established.

Lymphocyte blastogenesis was utilized to investigate the role of
each of the preparations played in a possible cellular response.

It was demonstrated that at least three of the preparations were able
to stimulate a specific blastogenic response in cultures of bovine
peripheral blood Tymphocytes. These were the CR, SR and RNA-protein
fractions of P-2383. The saline-extracted capsular antigens of P-2383

stimulated a low level blastogenic response.
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The intradermal administration of viable P-2383, CR and RNA-
protein fractions‘e11cited significant humoral responses. In
addition a specific sensitization of the peripheral blood

1ymphocytes of the cattle so immunized was demonstrated.
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