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Enzyme-linked immunosorbent assays (ELISA) were developed to

detect rabbit antibodies against Pasteurella multocida. Antigens

for ELISA were prepared from 2.5% saline extracts of P. multocida

by chromatographic methods. From a crude saline extract of a type

3, 4 isolate designated as R11146, two protein peaks were obtained

by gel filtration with Sephadex G-200. The first peak produced a

single precipitin line with rabbit anti-whole cell or anti-purified

type 3 antigen sera. The first peak was further purified by DEAE-

cellulose chromatography. Four protein peaks were obtained, and

all of them contained a single identical antigen. The purified

antigen contained two protein species of molecular weights of

44,000 and 25,500. The purified antigen was attached to 96 well

microtiter plates, and an ELISA was developed by the use of alka-

line phosphatase-conjugated sheep anti-rabbit IgG to detect anti-

bodies. Six Pasteurella-free rabbits were intranasally infected

with R11146 isolate and antibody responses were measured by the



ELISA. High titers ranging from 1:10 3
to 1:10

4
persisted for

longer than 96 days after the infection, while the titers of all

the preinoculation sera were lower than 1:10. A similar surface

antigen was also purified from a type 12 isolate, R040. Three

protein peaks were obtained from crude extract by gel filtration

with Sephadex G-200. The first peak contained a major antigen. In

some instances, crude extract was concentrated by ultracentrifugation

prior to the gel filtration. A major protein component of molecular

weights 42,000 and minor ones of 25,000 and 110,000 were present in t

the first peak fraction. The antigen purified from a type 12

isolate showed antigenic cross-reaction with the purified antigen

from a type 3, 4 isolate. An ELISA was developed with the purified

type 12 antigen, and used for detecting antibodies in rabbits

intranasally infected with the type 12 strain. Titers of ELISA

ranging from 1:10
4

to 1:10
5
were obtained for longer than 77 days

post inoculation. The preinoculation sera showed titers of less

than 1:50. The results indicate that the purified antigen is

useful to detect antibodies against P. multocida in rabbits infected

with type 3 or type 12 strains.
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Assay to Detect Antibodies Against

Pasteurella multocida in Infected Rabbits

Chapter I

Literature Review



2A. Pasteurella multocida

Pasteurella multocida is the causative agent of fowl cholera,

and of many other diseases. For many years the nomenclature of

the organism has been accepted widely (Rosenbusch and Merchant,

1939). P. multocida is a Gram-negative rod or coccobacillus,

occuring singly, in pairs, and occasionally as chains or filaments.

The organism is indole-positive, urease-negative, oxidase-positive,

shows an acid butt and acid slant in triple sugar iron, and pro-

duces neither gas nor H2S. P. multocida grows on sheep blood agar

plates, producing no hemolysis either aerobically or anaerobically,

but does not grow on MacConkey agar. The optimal growth temperature

is 37
o
C, and the optimal pH range is 7.2-7.8. In liquid media

maximum growth is obtained in 16-24 hours. Mucoid, smooth or

rough colonies are observed on agar plates. The relationship

between colonial variation and bacterial virulence has been dis-

cussed by Carter and Bain (1960). Cultures initiated from mucoid

colonies vary in virulence for mice, from highly virulent to only

weakly so. Cultures of smooth, irridescent variants are almost

invariably highly virulent for mice, and smooth, nonirridescent

colonies also produce highly virulent strains for mice. Rough

variants are low in their virulence for mice. Although virulence

of the various colonial types for mice is roughly comparable,

virulence for other animal species varies considerably.

Pathogenicity or virulence of P. multocida in fowl cholera is

complex and variable, depending on the strains of P. multocida and

the host species, variations within the strain or host, and the
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conditions of contact between host and organism. Manninger (1919)

observed that the virulence of P. multocida was associated with the

presence of a capsule. Studies have been focused on the resistance
of P. multocida to phagocytosis or killing by polymorphonuclear

leukocyte functions (Maheswaren SK, et al, 1979; David BD, et al,

1973; Densen P, 1980). In the case of P. multocida capsular type

A, a major virulence factor was considered to be hyaluronic acid,

based on the observation that the loss of virulence was associated

with loss of the ability of a virulent strain to produce a capsule

(Heddleston et al, 1964). One recent study suggested that the

inhibitory activity could not be attributed to hyaluronic acid, but

rather to a heat-stable,
saline-extractable capsular material that

may be structurally associated with hyaluronic acid (Hyoik et al,

1983).

Pasteurellosis has frequently been reported from chickens,

turkeys, geese, and ducks. Turkeys are much more susceptible to

infection with P. multocida than are chickens, and mature chickens

are more susceptible than young chickens (Heddleston, 1962).

Hemorrhagic septicemia is one of the most important cattle diseases

caused by P. multocida in Africa,.the Middle East, and some parts

of Asia. Fleas (Daubney et al, 1934) and ticks (Macadam, 1962)

have been considered as vectors of hemorrhagic septicemia in cattle.

Rabbits, mice, pigeons, and sparrows died of acute septicemia when

exposed intranasally to an isolate of P. multocida from an acute

case of fowl cholera, but rats, ferrets, guinea pigs, sheep, pigs,
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and calves did not show any clinical responses to the same organism

(Heddleston and Watko, 1963).

B. Serology and antigens of P. multocida.

Because of the ability of the organism to infect a broad host

range, serotyping of P. multocida and correlation of serotypes with

specific diseases have been continuing areas of study. The slide

agglutination method of Little and Lyon (1943) classified P.

multocida into three types, designated 1, 2 and 3. Roberts (1947)

identified four groups of P. multocida, types I, II, III, and IV,

by passive protection tests in mice. Later, an indirect hemagglutina-

tion test (HA) was derived by the adsorption of specific capsular

polysaccharide to erythrocytes (Carter, 1955); four identified

groups were designated types A, B, C, and D. The type C group was

later dropped and an additional serotype E was reported (Carter,

1961). Namioka and Murata (1961) reported a simplified slide

agglutination procedure for capsular typing of the strains, and

the discovery that somatic (0) antigen through the use of acid-

treated cells could compromise the differences in the virulence and

host specificity within capsular types. Heddleston (1972) described

a gel diffusion precipitin test for serotyping of avian strains of

P. multocida, using a heat - stable antigen extracted with formalinized

saline solution; five groups, types 1, 3, 4, 5, and 6, were grouped

as P. multocida associated with fowl cholera. Recently, 16 sero-

types have been reported. Though, numerous studies have been des-

cribed, a reliable correlation or equality between serotypes by
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different typing systems can not be made because of the antigenic

complexity of P. multocida and the nature of the antigens involved

in each test ( Brogden and Packer, 1979). Brogden (1980) studied

physiological and serological characteristics of P. multocida

isolates from various places and times by the use of heat-stable

somatic antigens. Over 90% of the rabbit isolates in this study

were either Heddleston's type 12 (67%) or type 3 (25%). Chengappa

et al, (1982) attempted to correlate somatic and capsular serotypes.

Ninety-four percent of the tested isolates were type A and 84% were

type 12. They suggested that type 12:A may be the predominant

serotype of P. multocida in rabbits in the United States. Lu

(1983) examined capsular and somatic serotypes of P. multocida

isolated from healthy and diseased rabbits. The results showed

that serotype 12:A was predominant, regardless of the state of

health of the host. Aneanalysis of antigens of P. multocida strains

has been made, and the presence of serologically active capsular

and somatic antigens mentioned by the investigators who studied

serotypes. Carter and Annau (1953) extracted type-specific "capsu-

lar" antigen from cells of P. multocida suspended in water and

heated at 56°C for 30 min, and found them to be polysaccharides.

Bain (1955) employed potassium thiocyanate to extract Roberts' type

I antigen, and on fractionation obtained a protective protein-poly-

saccharide complex and a polysaccharide that behaved as a hapten.

Their capacity to elicit some protection in mice is thought to be

due to the presence of protein components. Lipopolysaccharides of

Roberts' type I strains were investigated by Bain and Knox (1961).
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The phenol-extracted lipopolysaccharides (LPS) yielded galactose,

glucose, glucosamine and a heptose sugar. The preparations were

toxic, pyrogenic and antigenic in rabbits and mice. Further

studies have been performed by Rebers and Heddleston (1974).

Wesphal-LPS was compared with free endotoxins of P. multocida. A

LPS-protein complex was postulated to be present in the free

endotoxin, the immunologic specificity being determined by carbohy-

drate components of the LPS and the protein being required for

induction of immunity. Recently, one study indicated that substances

other than LPS are necessary to produce type specificity on the

basis of Carter's A, B, D or E typing system (Manning, 1984),

and that the use of LPS as an antigen in gel diffusion tests

eliminated cross-reactivity with reference antisera. However,

serotyping by the use of antisera against purified LPS resulted in

selective preference for LPS of type 12 even when type 12 antigen

was a minor one in the crude extracts. It was shown that the

protective antigen of Roberts' type I strains was protein in

nature and that the crude protein fraction contained polysaccharides,

lipopolysaccharides and nucleic acids as well as the protective

protein (Bain, 1955). The protein fraction, which was difficult

to separate from the other components, was immunogenic in mice

and buffalo. The protective antigens have been purified from 2.5%

saline soluble extracts of P. multocida types 1 and 3 by the use

of chromatographic method, and the involvement of protein and

carbohydrate components has been analyzed in those purified antigens

(Syuto and Matsumoto, 1982; Kajikawa and Matsumoto, 1984). In
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summary, the antigenic complexity of P. multocida has been investi-

gated by a variety of approaches, but further work is needed to

elucidate the relationship between antigenic structure and patho-

genicity and immunogenicity of P. multocida.

C. Pasteurellosis in rabbits

Pasteurella multocida infects domestic rabbits, producing a

variety of clinical signs, including rhinitis ("snuffles"), otitis

media, enzootic pneumonia, conjunctivitis, orchitis, pyometra, and

septicemia. Although it is not a serious disease, snuffles has

the highest morbidity among all the diseases of rabbits (Flatt,

1974), and economic losses due to mortality, culling, and medication

costs are substantial. Snuffles or rhinitis is characterized by a

serous, mucous or mucopurulent nasal discharge, with lesions con-

sisting typically of exudates in the nasal and paranasal sinuses,

and hyperemia and edema of the local mucosa. Although as many as

70% (Hagen, 1967) of apparently healthy rabbits harbor the organism

in the upper respiratory tract, the disease commonly has an acute

onset and spreads rapidly within a colony (Digiacomo, 1978). The

lesions may be confined to the nasal passages, or may spread to

the lower respiratory tract under conditions that are not well

defined. Studies have shown that P. multocida proliferates initially

on the mucosal surface of the pharynx, and that some adhesive

mechanisms of bacterial attachment are involved in colonization

and infection of upper respiratory areas (Glorioso et al, 1982).

Once pneumonia has developed the affected animals often die, with
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either an acute or chronic illness. The lesions of pneumonic

pasteurellosis include consolidation, atelectasis, and abscesses

or small nodular foci (Flatt and Dungworth, 1971; Webster, 1926).

P. multocida infection can be reproduced by intranasal inoculation

into Pasteurella-free rabbits (Webster, 1924). In seven separate

experiments intranasal inoculation of one strain yielded the

following: death by pneumonia (22%), chronic snuffles (33%),

transient snuffles (11%) and conventional healthy carriers (27%).

Although some investigators have demonstrated that P. multocida

can elicit overt clinical symptoms of pasteurellosis in combination

with certain stressful conditions, the reproducibility of such

conditions has not been established. Lal et al (1970) reported

that pretreatment with cortisone shortened the mean death time of

rabbits inoculated with P. multocida. By systemic inoculation of

massive amounts of the organism, these authors produced septicemic

disease which differed from the typical respiratory disease caused

by P. multocida. Rabbits inoculated with a malignant variant of

the Shope fibroma virus (SFV-MV) showed decreased protection

against pasteurellosis following immunization with heat-killed P.

multocida (Corbeil et al, 1983). These findings may be useful for

the study of defense mechanisms of rabbits against pasteurellosis

and methods of immunization.

Although there are no specific preventive procedures available

for pasteurellosis in rabbits beyond careful management and strict

sanitation, various methods have been developed to control and

eliminate the disease. Recently, live vaccines with streptomycin-
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dependent mutants of types 12:A and 3:A were reported to prevent

experimental rabbit pasteurellosis (Chengappa, 1980; Lu, 1981).

Various antibiotics and sulfonamides are being used for prophylaxis

and treatment. Medication is not only costly, but also often

ineffective in eliminating the organism from the host, causing

remission of snuffles as soon as the drug is withdrawn. In addition,

occurrence of a resistant organism is a constant problem. In

rabbits used for research, investigators often desire medication-

free feed and water. This requirement, combined with experimental

manipulations, creates favorable conditions for epidemics of snuffles

in research institutes.
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Chapter II.

An Antigen Purified trom a Type 3 Strain of

Pasteurella multocida for an Enzyme-linked Immunosorbent Assay
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Summary

Surface antigens were purified from a type 3, 4 rabbit isolate

of Pasteurella multocida organism designated as R11146. Two protein

peaks were obtained by gel filtration
with Sephadex G-200 trom

crude saline extract. Major antigenic activity was detected in the

first peak. The first peak was adsorbed onto DEAE-cellulose and

eluted by a linear gradient of NaCl. Four peaks eluted

from the column contained a single antigen which was identical to

an antigen purified from a type 3 strain, P-1059. They also unitormly

contained two protein species of molecular weights of 44,000 and

25,50U. Six Pasteurella-free rabbits were intranasally infected

with R11146 isolate and antibody response was determined by an

enzyme-linked immunosorbent assay (ELISA) with the use of an antigen

purified from P-1059 strain. Two rabbits died shortly after the

exposure and another was euthanatized due to severe abscess torma-
tion. Serum samples from the remaining 3 rabbits showed ELISA

titers at the plateau stage by 21 or 28 days post inoculation.

Highest titers ranged from 1:15,000 to 1:16,000, while all the

preinoculation sera had titers lower than 1:10. The high titers

generally persisted for longer than 56 days after the infection.

These results indicate that ELISA using a type 3 antigen is useful

to detect P. multocida infection in rabbits by a type 3-related

strain. The use of the purified antigen appears superior to cur-

rently used crude heat-extracted antigen.
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Introduction

Pasteurella multocida has been implicated as a causative agent

of snuffles, an upper respiratory infection of domestic rabbits (1-

4). The disease is a concern to rabbit producers and those who

maintain experimental rabbits. It has been shown that P. multocida

is present in the respiratory system of apparently healthy rabbits

as well as rabbits which exhibit clinical symptoms (4-6). Investi-

gators have demonstrated that intranasal inoculation of P. multocida

into rabbits resulted in clinical infection of the upper respiratory

tract (7,8). Other investigators, however, believe that P. multocida

alone is not sufficient to elicit overt symptoms of the disease,

rather a combination of P. multocida with stressful conditions is

necessary (9,10).

The ability to reliably detect P. multocida in rabbits would

be of great benefit in monitoring a Pasteurella-free rabbit colony.

Current methods of monitoring rabbits for P. multocida infection

are of two major types. (a) cultural isolation of the organism

from nasal passages followed by identification by routine biochemical

tests (4) or by indirect fluorescent antibody staining (5); and (b)

serological tests including a tube agglutination test using formal-

inized whole cell P. multocida antigen (5,11) or enzyme-linked

immunosorbent assay (ELISA) using F. multocida cells boiled in

saline (12) or purified LPS (13).

Several antigens have been identified on the surface of P.

multocida. Capsular antigens, extracted by a saline solution and

adsorbed onto human type 0 red blood cells, were identified by an
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indirect hemagglutination test with rabbit antisera against formal-

inized whole cells (14). 0 group antigens have been defined by an

agglutination test employing hydrochloric acid-treated P. multocida

( 15). A gel diffusion test has been devised with soluble antigens

extracted by boiling whole cell suspension in formalinized saline

solution (16). An attempt to correlate the results obtained by

various serological tests including the three methods described

above indicate neither meaningful correlations nor superiority of

one test over others (17). The gel diffusion test has been most

useful with avian isolates of P. multocida, because the typing

results generally correlate well with immunogenic specificity of

bacterins (16).

A simple and sensitive method of quantitating Pasteurella-

specific antibodies is needed to supplement cultural methods of

monitoring P. multocida-free rabbit colonies. An enzyme-linked

immunoassay has been described (12, 13), but the use of boiled

whole bacterial cells as the target antigen hampers accurate standard-

ization of the test since there are multiple antigens on the cell

surface and the amounts of each antigenic components cannot be

controlled. Purified lipopolysaccharide antigens have been used

for an ELISA, but the results are difficult to interpret, as the

extraction process apparently alters the antigenic specificity

(13).

This laboratory has reported that a major surface antigen can

be purified from type 3 (18) or type 1 (19) P. multocida by chromato-

graphical methods. This paper describes an attempt to isolate a
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similar antigen from a rabbit isolate of P. multocida belonging to

serotypes 3 and 4 and to utilize the antigen for an ELISA.
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Materials and methods

Bacterial strain. Pasteurella multocida isolate, designated

R11146, was isolated from the nasal passage of a rabbit showing

clinical signs of snuffles. The organism was typed as belonging to

serotype 3 and 4 of Heddleston's classification (16) by the National

Animal Disease Center, Ames, Iowa. The organism was passaged three

times on sheep blood agar plates. Subsequently a single colony was

picked, grown on a dextrose starch agar plate, harvested in broth,

and stored frozen at -70°C. The frozen culture was used for preparation

of the antigens and infection of rabbits.

Preparation of crude extract: An agar growth medium containing

37 g of dehydrated brain heart infusion (BHI) broth
1

; 5 g of casamino

acids
1

; 5 g of polypepton2 ; 5 g of NaCl; 10 mg of heroin (type 1)
3

and 12 g of bacto agar
4

in 900 ml of double distilled water was

prepared and autoclaved. Medium pH was 7.0 to 7.2. Sterile yeast

extract (20) in 50 ml and 0.85% NaC1 solution in 50 ml were added

before pouring into 15 plastic petri plates (150 x 15 mm). The

frozen culture was recovered, and fifteen colonies were transfered

to a fresh dextrose starch agar plate; incubated for 6 hrs at

37°C; and harvested in 50 ml of brain heart infusion broth. This

bacterial suspension was used as an inoculum (0.5 ml per plate).

The inoculated plates were incubated at 37 °C for 24 hrs, harvested

in a 2.5% NaC1 solution (5 .m1. per plate) and extracted for 1 hr at

56°C with constant agitation. The suspension was centrifuged at

12,000 x 2_ for 20 min, the supernatant fluid was clarified twice

and dialysed for 72 hrs at 4°C against a 0.85% NaC1 solution
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iDitco Laboratories, Detroit, MI.

2
Daigo Nutritional Chemical Company, Osaka, Japan.

3
Sigma Chemical Co., St. Louis, MO.

4
Pharmacia Fine Chemical Co., Piscataway, NJ.

5
DE-52, Whatman Chemical Separation Ltd., Clifton, NJ.

6Miles Laboratories, Elkhart, IN.

7
Sea Kem HE agarose, FMC Corp., Rockland, ME.

8
Rabbit Research Center, Oregon State University, Corvallis, OR.

9Calgiswab Type 1, Inolex Corp., Glenwood, IL.

10
Calgiswab Type 4, Inolex Corp., Glenwood, IL.

1
Linbro EIA microtiter plate, Flow Lab., McLean, VA.

12
Titertek Multisan MC, Flow Lab., McLean, VA.

13
HP-97 calculator, Hewlett-Packard, Corvallis, OR.
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containing 0.2% sodium azide. The dialysed supernatant is referred

to as a crude extract (CE). Some agar plates were left uninoculated

and extracted with the same procedure to obtain medium control.

Chromatography: Twenty five ml of CE were concentrated to 6

ml by vacuum dialysis, and 4 ml of the concentrated sample was

applied to a Sephadex G-200 superfine4 column (2.5 by 36 cm)

equilibrated with 0.01 M sodium phosphate buffer (pH 6.9). The

material was eluted at 5.4 ml/hr at 4°C and 2.7 ml fractions were

collected. The first protein peaks of Sephadex G-200 effluent

from several runs were pooled, concentrated, and dialysed against

0.01 M sodium phosphate buffer (pH 6.9) with 0.02% sodium azide.

This pooled fraction which contained 680 ug of protein was adsorbed

onto a DEAE-cellulose
5
column (1.5 by 35 cm) equilibrated with

0.01 M sodium phosphate buffer (pH 6.9) with 0.02% sodium azide.

The material was eluted by a linear gradient of NaC1 from 0 to

0.5 M at a flow rate of 30 ml/hr at 4°C and 5 ml fractions were

collected. Absorbance of all the fractions was measured at 280

nm.

Electrophoresis: Sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE) was carried out as described previously

(21) to assay purity and determine molecular weights of protein

components. Polyacrylamide gel in 8% was used. Markers used for

determining molecular weights were human immunoglobulin G, m.w. =

150,000
6
bovine serum albumin, m.w. = 68,000

6
, ovalbumin, m.w. =

43,0008, human immunoglobulin light chain, m.w. = 25,0006, cyto-

chrome C, m.w. = 12,400
6

. Protein bands were stained with coomasie

brilliant blue R
6

.
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Other immunological tests: Gel diffusion tests were done

with a standard six-well Ouchtelony pattern in 1% agarose
7

.

Chemical analysis. Protein concentration was determined by

Lowry's method (22) with bovine serum albumin 6
as the standard.

Total carbohydrate content was determined by the phenol-sulfuric

acid method (23) with dextrose as the standard.

Antiserum: Purified type 3 antigen was prepared with P-1059

strain of P. multocida as described previously (18). Adult New

Zealand White rabbits (ORRC.NZW) 8 derived from a Pasteurella-free

colony were subcutaneously injected with 100 pg of the antigen

(0.5 ml) emulsified in an equal amount of incomplete Freund's

adjuvant
4

. The injection was repeated twice with monthly intervals.

Two weeks after the third injection the rabbits were sedated with

sodium pentobarbitol and exsanguinated. Serum obtained from a

rabbit that had been injected with R11146 isolate was used for

analysis.

Rabbit infection: Six New Zealand White rabbits derived from

a Pasteurella-free colony were used for infection. Swab samples

taken from the nasopharyngeal area prior to the inoculation were

negative for P. multocida. The frozen stock culture of R11146 was

passaged three times on sheep blood agar plates and plated on

dextrose starch agar for confluent growth. The organisms were

grown for 6 hrs at 37°C and harvested in 5 ml of BHI broth. After

sampling for serums and the nasopharyngeal swab cultures, 0.25 ml

of the cell suspension kept at 0°C was instilled into each nare.

The inoculation was repeated twice at 2 day intervals. Weekly
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serum samples and swab samples from nasal passages and nasopharyngeal

areas were obtained for 4 weeks, then bimonthly thereafter.

Cultural isolation: For nasal cultures, a sterile calcium

alginate swab
9
was inserted into each of both nares, 2-3 cm deep,

and gently rotated for 10-15 seconds. The swabs were immediately

streaked onto sheep blood agar plates and incubated under 5%

carbon dioxide atmosphere at 37°C for 24-48 hours. To isolate P.

multocida from nasopharynx, a sterile calcium alginate swab10 was

bent to form a slight curve and gently passed through the nares

into the nasopharynx (5-6 cm), maintained in place for 10 seconds,

removed, then plated onto sheep blood agar. At necropsy, organisms

were cultured by swabs from nasal passages, nasopharynx, oropharynx,

sinus, trachea, and middle ears (tympanic bullae). Lung tissues

were streaked directly onto sheep blood agar plates. For bacterial

identification, organisms which produced opaque, grey, mucoid

colonies with a musty odor were subcultured onto plates containing

sheep blood agar and MacConkey agar. Isolates which were Gram-

negative coccobacilli, weak oxidase-positive, indole-positive,

urease-negative, did not grow on the MacConkey agar, and demonstrated

an acid slant, acid butt, no gas, no H2S in the triple sugar iron

agar were identified as P. multocida.

Enzyme-linked immunosorbent assay (ELISA): The type 3

specific antigen was purified from P-1059 strain of P. multocida

by chromatographic methods as described previously (18). For

coating 96 well microtiter plates11, 200 ul of 0.1 M NaHCO3, pH

9.0 solution containing 500 ng protein/ml of the purified soluble
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antigen was added to each well, and incubated at 37°C until the

fluid was completely evaporated. The coated plates were stored

at -70°C. Serum samples in 1;10 dilution were added to the first

wells and serial three fold dilutions were made with a diluent.

The diluent was 0.01 M phosphate buffered saline (PBS, pH 6.8)

containing 0.1 M NaC1 and 0.1% bovine serum albumin. The plates

were incubated for 1 hr at 37°C followed by washing 4 times with

PBS containing 0.05% Tween 20 (pH 7.2). Alkaline phosphatase-

conjugated anti-rabbit IgG in 200 pl was added to each well and

incubated for 1 hr at 37°C. Alkaline phosphatase
6
was conjugated

to affinity-purified goat anti-rabbit IgG by the glutaraldehyde

method described previously (24). The conjugate was stored frozen

and titrated with standard control sera. The plates were washed 4

times, then 200 pl of 1 mM paranitrophenyl phosphate
6
in 0.1 M

glycine-NaOH buffer, pH 10.4 was added to each well. After incuba-

tion for 1 hr at 37°C, absorbance at 405 nm was read with a micro

ELISA reader
12

. The absorbance values were converted to logit; y

= logit A = log (27 .7.x. ), and y was plotted against serum dilutions

in a log scale (X). A weighted linear least squares curve fitting

was used of y against x. An average of highest absorbance values

obtained with 3 positive standard sera was entered as 100%, and

the serum dilution corresponding to a 70% reduction value on a

logit scale was calculated by the use of a programmable calculator 13
.
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Results

Gel filtration: The rabbit isolate, R11146, of P. multocida

was grown on the agar medium, and crude extract was prepared.

Confluent growth on 30 plates consistently yielded approximately

120 mi of the crude extract solution. Crude extract was applied

onto the Sephadex G-200 superfine column. Two protein peaks were

obtained. Fractions comprising the two peaks were pooled and

concentrated by vacuum dialysis (Figure 1). The first peak (P-1)

contained 6% of the protein and 33% of the carbohydrate of the

original CE (Table 1). The second peak (P-2) contained 92% of the

protein and 41% of the carbohydrate of the original CE. Carbohydrate/

protein ratio were 4.0 and 0.3 for P-1 and P-2 fractions, respectively.

The two fractions were examined in the gel diffusion test with

serum taken from a rabbit infected with R11146 isolate (Figure 2A)

or with rabbit antiserum against the type 3 antigen purified from

P-1059 strain (Figure 2B). Two precipitin lines, a major and

minor one, were observed with CE against antiserum taken from an

infected rabbit. Fraction P-1 showed a single precipitin line

fused with the major line. On the other hand, P-2 fraction produced

a precipitin line fused with the minor line. The antiserum against

the purified antigen produced a single precipitin line against CE

and P-1 fraction, but not against P-2 fraction. P-1 fraction

showed a precipitin line fused with the purified antigen, which

indicate antigenic identity (Figure 3). The extract from medium

failed to produce any precipitin lines. Analysis by SDS-PAGE

showed that the fraction P-1 had a major protein component of
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Figure 1. Gel filtration of crude extract of P. multocida R11146

Chap. II isolate and medium extract with a Sephadex G-200 superfine
column (2.5 x 36 cm).



Table 1. Protein_and carbohydrate contents of fractions obtained from the crude
Chap. II extract of P. multocida by gel filtration with Sephadex G-200.

Protein Carbohydrate C /Ps
Sample Amt Recovery Amt Recovery ratio

(mg/ml) ( %) (mg/ml) (7)

CE 2.20 100 1.74 100 0.8

P-1 0.16 6.23 0.58 33.2 4.0

P - -2 2.12 92.43 0.71 40.9 0.3

a
Carbohydrate/protein ratio
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Figure 2. Gel diffusion test of fractions obtained by gel filtra-
Chap. II tion of crude extract of P. multocida R11146 isolate.

Wells 1,3 and 5 contained crude extract from P. multocida
R11146; well 2 contained fraction P-1; well 6 contained
fraction P-2; well 4 contained medium extract. The
center well contained rabbit anti-whole cell serum (A)
or anti-purified type 3 antigen serum (B).
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2 . 3

Figure 3. Crossreaction of fraction P-1 from R11146 isolate to an

Chap. II antigen purified from a standard type 3 strain, P-1059.
Well 1 contained purified standard type 3 antigen; well 2
contained fraction P-1 from R11146 isolate; well 3
contained anti-purified type 3 antigen serum.
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molecular weight 44,000 and a minor one of m.w. 25,500 (Figure 4).

Fraction P-2 at least having contained four major protein components

and one of the four major bands having m.w. 25,500 was found in

both fractions. The medium extract showed a diffused band.

Ion exchange chromatography; Further purification attempts

were made by adsorbing a sample of pooled P-1 fractions from

several runs of G-200 column onto DEAF- cellulose and eluting with

a linear gradient of NaCl. Absorbance at 280 nm was followed and

fractions under each of four peaks were pooled, concentrated and

dialysed (Figure 5). The majority of protein in the original

sample was eluted in fraction P'-1 (43%) and most of the carbohydrate

in the fraction P'-1 (32%) and fraction P'-2 (31%; Table 2). One

common precipitin line was formed with all the fractions in gel

diffusion test against the rabbit anti-purified type 3 antigen

(data not shown). The two protein components observed in fraction

P-1 after SDS-PAGE were present in all the four fractions.

Rabbit infection: The results described above indicated that

R11146 isolate from a rabbit shares an antigen purified from the

standard type 3 strain, P-1059. Hence, rabbit antibody response

against R11146 may be measured by the use of an antigen purified

from P-1059. To verify the possibility, six Pasteurella-free

rabbits were intranasally exposed to R11146. The organisms in

the order of 10
9
CFU were given 3 times at 2 day intervals. Two

rabbits died after the second inoculation. Both had extensive
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150K-

68K-

43K

25K-

12.4K

Figure 4. SDS-PAGE of fractions obtained by gel filtration of crude

Chap. II extract of P. multocida R11146 isolate. Lanes; A, markers;

B, fraction P-1; C, fraction P-2; D, crude extract; E,

medium extract.
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Figure 5. DEAE-cellulose chromatography of fraction P-1. a, sample

Chap. II application; b, elution with 0.01 M sodium phosphate buffer
(pH 6.9); c, elution with the NaC1 gradient.



Table 2. Protein and carbohydrate contents of fractions obtained fromChap. II pooled fraction P-1 of the crude extract of P. multocida by
DEAE cellulose chromatography.

Sample
Protein

Amt (mg /ml)
Carbohydrate

Amt (mg /ml)
C/P
ratio

10-1 0.15 0.19 1.3

P'-2 0.11 0.13 1.2

P'-3 0.04 0.10 2.4

P'-4 0.05 0.18 3.4
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pleuritis and pneumonitis indicating acute systemic pasteurellosis.

The organism was isolated virtually trom all the vital organs.

One of the remaining 4 rabbits developed spreading subcutaneous

abscess in the head; it was euthanatized 15 days post inoculation.

P. multocida was isolated from the abscess, middle ear and naso-

pharynx. Three rabbits remained in the study. Rabbit No. 1

consistently shed the organism for 56 days (Table 3). Clinical

signs of rhinitis was observed between 7 and 28 days post-infection

with this rabbit. Rabbit No. 2 yielded the organism for 14 days

from the nasal swabs and for 56 days from nasopharyngeal swabs.

The organisms could not be isolated from rabbit No. 3 14 days

post-inoculation. Rabbit No. 2 and 3 did not show overt clinical

signs. At necropsy performed 98 days post-inoculation, P. multocida

was isolated from the upper and lower respiratory tracts of No. 1

(Table 4), suppurative exudate was detected in nasopharynx, oro-

pharynx, and middle ear and lung abscess. Rabbit No. 2 had adhesions

in right pleural cavity; the organisms were isolated from trachea,

nasopharynx, oropharynx, and middle ear. All the organs of No. 3

rabbit were grossly normal and the organisms were not isolated

from any organs.

ELISA: Serum samples taken from the three live and one

euthanatized rabbit were tested for ELISA titers by the use of

purified type 3 antigen derived from P-1059 strain (Figure 6).

Two hyperimmune sera, which were used as positive controls, showed

titers of 1:6,000 and 1:9,000. Antibody titers of negative controls

and pre-inoculation sera were consistently less than 1:10. Antibody



Table 3. Isolation of P. multocida in the rabbits infected with 8111.46 isolate.Chap. II

Rabbit Pre- Post inoculation days
number inoculation (N/NP)

(N/NP)
a

7 14 21 28 42 56

1
b/

/ -1-1-1-1-/-H- -4-14-1-/-H- -H-i-/-H- +++pH- +-1-1+4-1- ++/+++

2 -- /- -f-i-/-H- -/++ -/-F -/++ - /4-1- - / -H-

3 -/- ++/++ 11- _/_ -/- -/- _/-

4 - /-- ++++/++ / +++C

aN, Nasal passages; NP, Nasopharyngeal areas.

b
++++, confluent growth of P. multocida, +++, 50 -75; ++, 20-50; +, 15-20 colonies/plate; -, no growth.

c
Euthanatized at 15 days post inoculation.



Table 4. Isolation of P. multocida at necropsya from rabbits infected with
Chap. II R11146.

Rabbit Nasal Trachea Lung Lung Sinus Naso- Oral- Middle-
number abscess tissue pharynx pharynx ear

1

2 +44

3

ayertormed at 98 days inoculation.

b
+++, 50-70; ++, 2u-50 colonies /plate; -, No growth.

c
Pleural adhesion was formed.



38

Figure 6. ELISA titers of the sera obtained from rabbits infected
Chap. II with P. multocida R11146 isolate.
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titers rapidly increased in the infected rabbits and reached to

the plateau stage at approximately 28 days post-inoculation.

Rabbit No. 4, which was euthanatized at 15 days after the infection

showed the highest titer of 1:15,000 at 14 days. In the three

remaining rabbits, high titer antibodies persisted for longer than

14 weeks.
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Discussion

A carbohydrate-protein complex of a high molecular weight was

purified by gel filtration from a saline extract of rabbit isolate

R11146, which belongs to serotype 3, 4. This complex shared a

major antigen present in a similar complex purified from a type 3

strain of avian origin. The latter antigen induced protective

immunity in turkeys (18). In repeated gel diffusion tests, no spur

formation was observed between the purified antigen of R11146 and

of a standard type 3 strain, P-1059 with anti-R11146 sera (Figure

3). Since R11146 was identified as type 3 and 4, its antigen was

expected to produce an additional precipitin line. The absence of

spur formation may be explained by the possibility that the employed

purification process yields only type 3-associated antigen. Another

explanation is that the type 4 antigen is closely associated with

the type 3 antigen, making hosts fail to recognize minor type 4-

specific epitope. The latter hypothesis is supported by our previous

observation that chromatographically purified soluble type 4

antigen cross-reacted with a type 3 antigen in the presence of

rabbit and avian antisera (25).

The major antigen was eluted in P-1 fraction of the gel filtra-

tion, and further purification of the fraction by anion exchange

chromatography failed to increase the purity of the antigen; all

the four fractions obtained were homogeneous in terms of antigenicity

and protein content. The P-2 fraction contained at least another

minor bacteria-specific antigen (Figure 2A). The fraction, how-

ever, also contained a large amount of medium-derived components
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(Figure 1). Purification of the antigen in P-2, therefore, was

judged too laborious in contrast to the simple purification pro-

cedure for the P-1 antigen. Similar minor antigens were present

in the P-2 fractions of 2.5% saline extracts obtained from both

types 3 and 4 strains (18,25).

Two proteins, molecular weights 44,000 and 25,500, were con-

sistently present in the puritied antigen preparation. A major

component showed a molecular weight of 44,000. This component is

comparable to similar components detected in antigens purified

from a saline extract of type 3 (18), type 1 (19) or type 4 (25).

In the type 3 antigen, the protein was tightly, but not covalently

bound to carbohydrate moiety (18). Sodium dodecyl sulfate, a

strong detergent, released the protein, which, however, failed to

demonstrate any antigenicity. Such an attempt has not been made

in the present study. The consistent presence of the protein

species in many types of P. multocida suggests an important structural

role of this protein. Close association of this protein to the

sugar moiety and the range of its molecular weight suggest that it

may be a porin-like molecule identified in many other Gram-negative

bacteria (26). The origin of the other protein of m. w. 25,500 is

unknown.

The present study demonstrated the usefulness of the purified

antigen for ELISA in determining rabbit antibodies. Currently two

types of P. multocida antigens have been used for ELISA. One is

heated (boiled) extracts of whole cells and the other is phenol-

purified lipopolysaccharides (LPS) (13). The use of heated whole
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cell extracts is simple, but its serious shortcoming is the

difficulty in controlling quantity and quality of desired antigen(s);

there are many antigens as well as non-antigenic substances in the

heat extracts, and, consequently, it is difficult to define specificity

and sensitivity of the assay for each run. Lipopolysaccharides

are purified, fairly homogeneous antigens. They are routinely

used for reference standards for serotyping of P. multocida in gel

diffusion tests (27). Nevertheless, they are not well suited for

solid phase ELISA, because LPS do not attach well to the surface

of plastic plates used in ELISA due to their low (approximately

5%) content of protein. Compensation for the poor attachment of

LPS can be made if a high concentration of LPS is used to coat

the plates (13). We have demonstrated that it was difficult to

obtain reproducibly uniform attachment of LPS on the plates with

the high concentration. This phenomenon may be peculiar to P.

multocida LPS antigens since some other LPS, for instance, LPS

of Brucella abortus (28), were reported to be highly adherent to

ELISA plates. Compared with these two antigens, the purified

antigen from a 2.5% saline extract can be used for coating the

plates at a low concentration and the attached antigen can be

stored at -70° C for at least a year without loosing its activity.

The antigen attaches to the wells at a constant rate via its

protein moiety so that the assay may be standardized without

technical complications.

The infection experiments with Pasteurella-free rabbits

demonstrated the usefulness of the purified antigen for ELISA.
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After exposure to R11146, serum titers increased from less than

1.10 to higher than 1:1000 in 2 to 3 weeks. The high titers were

maintained for at least 8 weeks after the infection. The titer of

Rabbit No. 4 was lower than those of the other two at 6 and 8

weeks of sampling (Figure 5). Whether the lower titer is the

reflection of negative shedding of this rabbit (Table 3) is question-

able. Probably more significant is the fact that even after the

culture isolation results became negative, the rabbit still main-

tained approximately 1:1000 titer for at least 4 weeks. The

observation is consistent with the hypothesis that serological

detection of Pasteurella infection is more sensitive than cultural

isolations. Further studies are needed to confirm these results.

Antigenic specificity of P. multocida has not been clearly

understood. Lipopolysaccharide (LPS) and related antigens on the

outer membrane have been most frequently studied, and they undoubtedly

constitute a major type specificity (27,29). Currently 16 serotypes

are defined by the use of purified LPS, and serotyping by gel

diffusion is widely practiced. A recent study, however, demonstrated

that the serotyping by the use of antisera raised against purified

LPS resulted in the selective preference for LPS of type 12 when

the tested isolates from rabbits in reality contained LPS and

related antigens belonging to types other than type 12 (13). The

same paper also indicated that there was no correlation between

the LPS types and "capsular" types defined as type A, B, C, D or

E.

In the present study, it is demonstrated that ELISA by the
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use of the type 3 purified antigen efficiently detected P. multocida

intection in rabbits, but its use may be restricted to infections

caused by type 3 organisms. Published results indicated that as

far as rabbit isolates are concerned, type 12 organisms are pre-

dominant followed by type 3 organisms (30,31). Hence, development

of a similar ELISA for type 12 specificity is needed. If such an

assay were available, a combination of type 12 and 3 ELISA would

detect more than 90% of pasteurella infections in rabbits.
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Chapter III

An Enzyme-linked Immunosorbent Assay for Detection of

Antibodies to Pasteurella multocida, Serotype 12, in

Experimentally Infected Rabbits
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Summary

An enzyme-linked immunosorbent assay (ELISA) was devised to

detect antibodies to Pasteurella multocida, serotype 12, in experi-

mentally infected rabbits. The organism was grown on a solid

medium and extracted with 2.5% saline solution. A fraction corres-

ponding to the void volume obtained from gel filtration of the

extract was used as an antigen for the assay. Pasteurella-free

rabbits were infected intranasally with the organism, and serum

antibody responses were followed by ELISA. All the preinoculation

sera showed titers of less than 1:50. In four of the five infected

rabbits, antibody titers reached a plateau stage of greater than

1:10,000, and the high titers persisted for at least 77 days post

inoculation. One rabbit, however, showed lower titers of approxi-

mately 1:500. Considerable cross-reactivity was observed between

a type 3 and 12 antigen with sera from rabbits infected with the

type 12 organism, but less cross-reactions were noted with sera

from type 3-infected rabbits. All the infected rabbits consistently

harbored the organism in the nasopharyngeal area throughout the 12

weeks observation period. These results indicate that ELISA is

effective for the detection of Pasteurella-infected rabbits.
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Introduction

Pasteurella multocida infects the respiratory system of

rabbits, producing a chronic rhinitis commonly referred to as

"snuffles." Less common clinical signs include pneumonia, otitis

media, and others (1-4). P. multocida infection possesses the

highest morbidity of all the infectious diseases of rabbits, and

economic losses (mortality, culling, medication costs) can be

substantial (32). In rabbits used for research, the disease often

significantly alters the outcome of experiments, producing serious

indirect effects.

P. multocida enters the host by the aerosol route or by direct

oronasal contact in contaminated drinking water (33). The primary

site of colonization is the nasopharynx. Depending on environments

the organism causes either ascending infections of the sinuses,

middle ears, or nasal passages, or less frequently, descending

infections, such as pneumonia (4,6). The appearance and persistence

of these clinical manifestations have been reported by some workers

to be related to the presence of environmental or other stressful

factors (7-10). With the development of a sensitive culture tech-

nique, it recently has been revealed that a great majority of

rabbits in infected colonies harbor the organism only in the

nasopharynx (34). Hence, once a colony is exposed to the organism,

a chronic, subclinical infection becomes established.

Two approaches have been pursued to develop an effective

control measure for rabbit pasteurellosis. Vaccination has been
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attempted with killed whole cells or fractions of bacteria (9),

or with live strains of low virulence (7). Although these experi-

ments have demonstrated varying degrees of beneficial effects by

decreasing the severity of clinical signs, there is no evidence

that vaccination prevents colonization by P. multocida. As long

as the organism colonizes the host, infections involving various

tissues may develop, depending upon undefined "stressful" conditions.

Another approach towards the control of pasteurellosis is to

maintain rabbit colonies free of the organism. Technology has

been developed to obtain and rear Pasteurella-free neonates (5).

At this institution, a Pasteurella-free colony was created by

strict segregation based on repeated cultural isolations. The

Pasteurella-free status has been maintained for longer than five

years in conventional facilities with reasonable sanitation and

isolation measures. Although the colony has not been free of

Bordetella bronchiseptica, no notable respiratory or other infec-

tions have occurred. These results suggest that the maintenance

of Pasteurella-free colonies may be a practical method of prevent-

ing the disease.

If large rabbit colonies are to be kept on a pathogen-free

basis, a convenient routine procedure is needed to assure Pasteurella-

free status. A sensitive serological assay would be helpful to

supplement or confirm the results of cultural isolations. An

enzyme-linked immunoassay has been developed with an antigen

extracted from a type 3 organism (35), and a close correlation was

demonstrated between titers obtained by ELISA and cultural isolation
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results (36). The objective of the present study was to develop

an ELISA with a similar antigen extracted from a type 12 organism,

which is the most prevalent among the other serotypes involved in

rabbit pasteurellosis (30,31).
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Materials and Methods

BACTERIAL STRAIN

A Pasteurella multocida isolate, designated R040, was isolated

from the nasal passages of a rabbit showing clinical signs of

snuffles. The organism was typed as serotype 12 of Heddleston's

classification (16) by the National Animal Disease Center, Ames,

Iowa. The organism was passaged three times on sheep blood agar

plates. Subsequently, a single colony was picked, grown on dextrose

starch agar plates, harvested in broth, and stored frozen at

-70°C. The frozen culture was used for preparation of the antigen

and infection of rabbits.

CRUDE EXTRACT

An agar growth medium based on dehydrated brain heart infusion

(BHI) broth has been described (35). Inoculum was prepared from

the frozen culture and inoculated into the agar medium as des-

cribed previously (25). The inoculated plates were incubated at

37°C for 18 hrs, harvested in a 2.5% NaCl solution (5 ml per

plate), and extracted for 1 hr at 56°C with constant agitation.

The suspension was centrifuged at 12,000 x g_ for 20 min, the

supernatant fluid was clarified twice and dialyzed for 72 hrs at

4°C against a 0.85% NaC1 solution containing 0.2% sodium azide.

The dialyzed supernatant is referred to as a crude extract GCE).

Some agar plates were left uninoculated and extracted by the same

procedure for use as medium controls. In some instances, as

indicated in the text, crude extract was concentrated by centrifugation
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for 3 hrs at 100,000 x g in a Beckman Model L-8 ultracentrifuge.

The gel-like pellet was covered with 0.85% saline, allowed to

stand for 16 hrs with occasional shaking, and recentrifuged for 3

hrs at 100,000 x g. The pellet was suspended in 5 ml of 0.85%

saline and allowed to stand for 3 days at 4°C.

CHROMATOGRAPHY

Ten ml of CE were concentrated to 5 ml by vacuum dialysis,

and 2.5 ml of the concentrated sample was applied to a Sephadex G-

200 superfine
1
column (2.5 x 36 cm) equilibrated with 0.01 M

sodium phosphate buffer (pH 6.9). The material was eluted at 5.4

ml/hr at 4°C and 2.7 ml fractions were collected. Absorbance of

all the fractions was measured at 280 nm. After washing the

Sephadex G-200 column with 0.2 M NaOH and then 0.01 M sodium

phosphate buffer, 2.5 ml of pellet in 0.85% saline was applied to

the column with the procedures described above.

ELECTROPHORESIS

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE) was carried out as described previously (21) to assay

purity and determine molecular weights of protein components.

Markers used for determining molecular weights were human immunoglob

G, m.w. = 150,000
2
, bovine serum albumin, m.w. = 68,000

3
, ovalbumin,

m.w. = 43,000
4
, human immunoglohulin light chain, m.w. = 25,000

3
,

cytochrome C, m.w. = 12,400
3

. Protein bands were stained with

Coomassie brilliant blue R4.
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ANALYSIS

Gel diffusion tests were performed with a standard six-well

Ouchterlony pattern in 1% agarose
5

. Protein concentration was

determined by Lowry's method (22) with bovine serum albumin
3

as

the standard. Total carbohydrate content was determined by the

phenol-sulfuric acid method (23) with dextrose as the standard.

INFECTION AND ANTISERA

Six adult New Zealand White rabbits derived from a Pasteurella-

free colony were used for infection. Swab samples were taken from

the nasopharyngeal area prior to the inoculation. None of the

samples yielded P. multocida. Stock culture of R040 isolate was

passaged three times on sheep blood agar plates and plated on dex-

trose starch agar for confluent growth. The organisms were grown

for 6 hrs at 37°C and harvested in 5 ml of BHI broth. After samp-

ling for serums and the nasopharyngeal swab cultures, 0.25 ml of

the cell suspension of 10
9
CFU/ml kept at 0 °C was instilled into

each nare. The inoculation was repeated twice at 2 day intervals.

Weekly serum samples and swab samples from nasal passages and

nasopharyngeal areas were obtained for 4 weeks, then bimonthly

thereafter. For nasal cultures, a sterile calcium alginate swab
6

was inserted into each nare, 2-3 cm deep, and gently rotated for

10-15 seconds. The swabs were immediately streaked onto sheep

blood agar plates and incubated under 5% carbon dioxide atmosphere

at 37°C for 24-48 hrs. To isolate P. multocida from the nasopharynx,

a sterile calcium alginate swab
7
was bent to form a slight curve
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and gently passed through the nares into the nasopharynx, maintained

in place for 10 seconds, removed, and plated onto sheep blood

agar. At necropsy, organisms were cultured from swabs of the

nasal passages, nasopharynx, oropharynx, sinus, trachea, and

middle ears. Lung tissues were streaked directly onto sheep blood

agar plates. For bacterial identification, organisms that produced

opaque, grey, mucoid colonies with a musty odor were subcultured

onto plates containing sheep blood agar and MacConkey agar.

Isolates that were Gram-negative coccobacilli, weakly oxidase-

positive, indole-positive, urease-negative, that did not grow on

MacConkey agar, and that demonstrated an acid slant, acid butt, no

gas, and no H
2
S on triple sugar iron agar, were identified as P.

multocida. Sera obtained from the infected rabbits were used for

immunological analysis. The source of antiserum against the type

3 isolate was described elsewhere (35). The pooled first fraction

corresponding to the void volume from the gel filtration of CE,

was used as a purified antigen.

ELISA

Two hundred microliters of 0.1 M NaHCO3, pH 9.0, containing

500 ng protein/ml of the purified antigen were added to each well

in microtiter plates
8

and incubated at 37 °C until the fluid completely

evaporated. The coated plates were stored at -70°C. Serum samples

in 1;10 dilution were added to the first wells and serial dilutions

were made with a diluent. The diluent was 0.01 M phosphate buffered

saline (PBS, pH 6.8), containing 0.1 M NaC1 and 0.1% bovine serum
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albumin. The plates were incubated for 1 hr at 37 °C, followed by

4 washes with PBS containing 0.5% Tween 20 (pH 7.2). Alkaline

phosphatase-conjugated anti-rabbit IgG in 200 ul was added to each

well and incubated for 1 hr at 37°C. Alkaline phosphatase was

conjugated to affinity-purified sheep anti-rabbit IgG by the

glutaraldehyde method (24). The conjugate was stored frozen, and,

immediately prior to each assay, titrated 4 times. Then a substrate,

1 mM paranitrophenyl phosphate in 0.1 M glycine-NaOH buffer (pH

10.4) in 200 ul was added to each well. After incubation for 1

hr at 37 °C, absorbance at 405 nm was read with an automated reader.

The absorbance data were converted to serum titers by the method

described elsewhere (35). The serum samples taken prior to infec-

tion were used as negative controls.
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1
Pharmacia Fine Chemical Co., Piscataway, NJ.

2
Miles Laboratories, Elkhart, IN.

3Sigma Chemical Co., St. Louis, MO.

4
DE-52, Whatman Chemical Separation Ltd., Clifton, NJ.

5
Sea Kem ME agarose, FMC Corp., Rockland, ME.

6
Calgiswab Type 1, Inolex Corp. , Glenwood, IL.

7
Calgiswab Type 4, Inolex Corp., Glenwood, IL.

8
Linbro EIA microtiter plate, Flow Lab., McLean, VA.
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Results

GEL FILTRATION

Approximately 120 ml of crude extract were prepared from con-

fluent growth of the organism on 30 agar plates. The crude extract

concentrated to one-half volume by vacuum dialysis was applied

onto the Sephadex G-200 superfine column. Three protein peaks, P-

1, P-2, and P-3, were obtained (Fig. 1). Fractions comprised the

three peaks were pooled and concentrated by vacuum dialysis. The

pooled peaks were examined in a gel diffusion test with serum

taken from a rabbit infected with P. multocida R040 isolate (Fig.

2A). A major precipitin line and at least three minor lines were

produced with CE. Fraction P-1 showed a single precipitin line

fused with the major line. Both P-2 and P-3 fractions showed two or

more lines fused with the minor ones. Medium extract showed a

precipitin line against anti-whole cell of R040 serum. To obtain

P-1 that contained higher concentration of the major antigen, CE

was ultracentrifuged and then the solubilized pellet was eluted

through a G-200 column. A single peak was obtained at the void

volume of the column (Fig. 3). This peak fraction contained 20.8

pg/m1 of protein and 12.2 pg/m1 of carbohydrate. Repeated gel

diffusion tests with the peak in Fig. 3, P-2, and P-3 showed the

identical patterns of precipitin lines shown in Fig. 2A. Therefore,

P-1 and the single peak obtained after the ultracentrifugation

were considered identical. Fraction P-1 was tested with the type

3 antigen, which had been purified previously from the R11146
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Figure 1. Gel filtration of crude extract of P. multocida R040 isolate
Chap. III with a Sephadex G-200 superfine column (2.5 x 36 cm).

Vo, void volume.
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Bigure 2. Gel diffusion test of fractions obtained by gel filtra--
Chap.III tion of crude extract of P. multocida R040. A, wells 2

and 6 contained crude extract; 1, fraction P-1; 3,
fraction P-2; 5, fraction P-3; 4, medium extract; center
well, rabbit anti-whole cell of R040 serum. B, well 1
contained fraction P-1 from R040; 2, fraction P-1 of a
type 3, 4 (R11146) isolate; 3, anti-whole cell of R040
serum.
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Figure 3. Gel filtration of pellet from ultracentrifugation of
Chap. III P. multocida RU40 crude extract with a Sephadex G-200

superfine column (2.5 x 36 cm). Vo, void volume.
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isolate (35) in a gel diffusion test (Fig. 2B). One precipitin

line was common to the fraction P-1 and the antigen purified from

the R11146 isolate. Moreover, a common precipitin line was produced

between anti- type 12 whole cell serum and anti- type 3, 4 whole

cell serum against the fraction P-1 (Fig. 4).

ELECTROPHORESIS

Analysis of the fraction P-1 by SDS-PAGE showed a major

protein component of molecular weight 42,000 and minor ones of

m.w. 113,000 and 25,000 (Fig. 5). The centrifugation process

effectively concentrated the major component, for many nonessential

protein components remained in the supernatant. The medium extract

repeatedly failed to show any detectable protein component.

INFECTION AND ELISA

Six Pasteurella-free rabbits were intranasally exposed to P.

multocida R040. One of the rabbits, No. 3, died 7 days after the

last inoculation. Another rabbit, No. 4, died 8 weeks post inocula-

tion. Both had extensive pleuritis and pneumonitis indicating

acute systemic pasteurellosis. The organism was not isolated from

nasal passages of No. 3 at 1 week and of No. 4 at 6 weeks post

inoculation (Table 1). The organism was consistently isolated

from the nasal passages and nasopharyngeal area from rabbit No. 1

and 2 for 77 days and from No. 5 for 70 days after the exposure.

Rabbit No. 6 yielded the organism for 14 days from the nasal swabs

and for 77 days from nasopharyngeal area. At necropsy, carried
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Figure 4. Crossreaction of fraction P-1 from type 12 isolate to
Chap. III fraction P-1 from type 3,4 isolate. Well 1 contained anti-

R11146 whole cell serum; well 2, fraction P-1 from R040;

well 3, anti-R040 whole cell serum; well 4, fraction P-1

from R11146.
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12.4K-1

Figure 5. SDS-PAGE of components of crude extract obtained from

Chap. III ultracentrifugation. Lanes; A, markers; B, crude extract;

C, pellet after the centrifugation of crude extract; D,

fraction P-1 from gel filtration; E, supernatant; F, medium

extract.



Table 1. Isolation of P. multocida in the rabbits infected with R040 isolate.
Chap. III

Rabbit
number

Pre-
inoculation

(N/NP)a

Post inoculation days (N/NP)

7 14 21 28 42 56 70 77

1 -/-
b

+44./++ ++/+++ +/-i-H- +/+-4-i- +/-t-i- +/-H- 0.1. +/+

2 -/- +/++ ++/++ +/++ +/-H- +/-14 +/++ +/++ +/+

3 -/- -/+c

4 -/- +/++ +/-H- +144 +1+ ../.4c

5 -/- ++/+++ ++/+++ +/++ +1+ +/+ +14+ +/++ -1+

6 -/- +/++ ++/++ -/++ -1+ -1+ -/++ -1+ -1+

aN, Nasal passages; NP, Nasopharyngeal areas

b
++++, confluent growth of P. multocida; +++, 50-75; ++, 20-50; +, 15-20

colonies/plate; -, no growth

c
Died with acute pasteurellosis
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out 77 days post inoculation, P. multocida was isolated from the

nasopharyngeal area of all the remaining rabbits (Table 2), but

only from nasal passages of No. 1 and 2. Suppurative exudates

were found in the left middle ears of No. 1, 5, and 6. Rabbit No.

5 had unilateral pleuritis. The organism was not isolated from

liver or heart blood of any of the rabbits.

Serum samples taken from the six rabbits were tested for

ELISA titers by using the type 12 antigen purified from P. multocida

R040 isolate (Fig. 6). Titers of preinoculation sera ranged from

1:4 to 1:20. Rabbit No. 4, which died of pasteurellosis, showed

the highest antibody titer (over 1:100,000) at 6 weeks post inocu-

lation. Three of the remaining four rabbits showed rapidly increasing

titers, reaching to a plateau stage of 1:10,000 to 1:100,000 at

approximately 28 days post-inoculation. These high titers persisted

for longer than 11 weeks. Rabbit No. 2 showed consistently lower

antibody titers (less than 1:500) for 11 weeks.

Because we have reported previously on an ELISA with the

purified type 3 antigen (35), cross-reactions between type 3 and

type 12 antigens were examined in ELISA. Serum samples from three

rabbits, No. 1, 2, and 3, infected with P. multocida R11146 isolate

showed low antibody titers against a type 12 antigen purified from

R040 isolate, compared with titers against homologous antigen

purified from type 3 strain, P-1059 ( Tahle 3). The highest titer

from these three rabbits was approximately 1:10,000 against the

homologous antigen, while the highest titers against the heterologous

antigen were less than 2. High titers ranging from 1:10,000 to



Table 2. Necropsy isolation of P. multocida from lesions of rabbits infected with
Chap. III R040 isolatea.

Rabbit Nasal Naso- Oro- Sinus Middle ears Lung Liver Heart
number pharynx pharynx Right Left blood

b
+1 + - ++ +++ +++ - - -

2

5
c

++ ++

6

a
Necropsized at 11 weeks post-inoculation

b
+++, 50-75 colonies/plate with suppurative exudate; ++, 20-50; +, 5-20 colonies/plate;

-, no growth

c
Head tilting to left at 11 weeks post-inoculation

d
Unilateral pleuritis
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Figure 6. ELISA titers of the sera obtained from rabbits infected
Chap. III P. multocida R040 isolate.



70

Table 3. ELISA titers of rabbit antisera infected with P. multocida
Chap. III type 3, 4 isolate.

Rabbit No. Post-
inoculation (wks)

Antigen
Type 3 Type 12

1 0 0.59a 0.73

2 3.17 1.31

4 3.50 1.43

6 4 1.60

8 4.07 1.66

14 3.73 1.84

2 0 0.25 0.89

2 2.72 1.39

4 3.94 1.43

6 4.08 1.40

8 3.94 1.53

14 3.38 1.57

3 0 - 0.69

2 3.36 0.83

4 3.68 1.13

6 3.36 1.51

8 3.33 1.11

14 2.76 1.01

a
ELISA titers expressed in log10.
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1:100,000 were obtained approximately 8 to 11 weeks post inoculation

from rabbits No. 1, 5, and 6, infected with type 12 isolate (R040),

when the sera were tested against the homologous antigen (Table

4). The sera from these three rabbits showed titers of less than

1:10,000 against heterologous, purified type 3 antigen. The

titers of preinoculation sera against heterologous antigens were

less than 1.
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Table 4. ELISA titers of rabbit antisera infected with P. multocida
chap. III type 12 isolate.

Rabbit No. Post-
inoculation (wks)

Antigen
Type 3 Type 12

1 0 0.55a 1.08

2 2.12 3.86

4 2.99 4.65

6 3.36 4.75

8 3.31 4.83

11 3.18 4.48

2 0 1.14 1.15

2 1.07 1.64

4 1.40 2.27

6 1.74 2.37

8 1.70 2.13

11 1.71 1.91

5 0 0.26 0.65

2 2.80 3.88

4 3.12 4.50

6 3.23 4.76

8 3.46 4.95

11 3.84 4.90

6 0 1.05 1.32

2 1.63 3.13

4 2.23 4.07

6 3.04 4.43

8 3.28 4.42

11 3.50 4.24

aELISA titers in log10.
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Discussion

The crude extract contained one major antigen and at least

three other antigenic components (Fig. 2A). The major antigen was

eluted in the void volume (P-1) fraction of the gel filtration.

The fraction appeared to be free of other antigens, but with the

combination of a sufficient amount of antigen and choice of antiserum,

the fraction was shown to contain at least one minor antigen (Fig.

2B and Fig. 4). Because the objective of this study was to prepare

an antigen useful for ELISA, the major antigen in the P-1 fraction

was studied further without additional purification to eliminate

the minor antigen. However, further efforts should be made to

purify the major antigen in terms of defining sensitivity and

specificity of ELISA for antibodies against P. multocida. Gel

diffusion tests showed a precipitin line between the medium extract

and the anti-whole cell serum (Fig. 2A). Perhaps more stringent

procedures could exclude this precipitin line because the agar

medium did not contain any serum component or protein component,

as shown by SDS-PAGE.

The void volume (P-1) fraction containing the major antigen

consistently showed three protein species on SDS-PAGE (Fig. 5).

Of the three proteins, a component having m.w. 42,000 and another

with m.w. 25,000 were previously found in similar antigens purified

from type 1 (19), type 3 (18) or type 4 (25) organisms. Topographical

locations of these proteins are not known, but a study demonstrated

that the protein components are tightly, but not covalently, bound
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to a carbohydrate moiety (18). The same study also indicated that

the major protein component of m.w. 42,000 was neither antigenic

nor protective in an avian species. Bain (37) suggested that

protein components of P. multocida, capsular type B, are essential

for the purified protein-carbohydrate complex. Recently, Rimler

(38) demonstrated that purified LPS produced type specificity,

depending on the particular LPS used as an antigen in chickens.

The purified LPS exhibited immunogenicity against challenge exposure

by the homologous serotype of P. multocida only when it was combined

with purified ribosomes containing proteins (39), but not with

some other proteins (40).

Growth time less than 18 hours was critical for growing the

type 12 organisms. The organisms produced very mucoid materials

after 18 hours of growth, and CE prepared from such cultures made

it difficult to filtrate through a G-200 column. The mucoid

material was not chemically defined in the present study; however,

a large amount of hyaluronic acid seemed to be present, because

the viscosity decreased after the treatment with hyaluronidase.

A similar type of antigen has previously been purified from

R11146 isolate belonging to serotype 3, 4 (35). The repeated gel

diffusion test to verify crossreactivity of the type 12 purified

antigen with type 3, 4 purified antigen showed a fused, but faint

precipitin line between two wells of antigens. On the basis of

ELISA results there was detectable cross-reactivity between the

purified type 3 antigen and type 12 antibodies (Table 4).
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However, further studies are needed to characterize the cross-

reactive antigens.

A similar ELISA test has been reported using a heated extract

of whole cells (13). As judged by the many antigenic components

detected in CE (Fig. 3A), such heat extracts obviously contain

multiple antigens, which, in turn, make standardization difficult.

The use of a purified antigen is ideal from the standpoint of

assay standardization. Although the antigen(s) used for ELISA in

the present study still contained two antigens, the assay apparently

was more reproducible than those using the whole cell extract.

Three out of the four infected rabbits showed a rapid increase

in ELISA titers within 4 weeks, followed by a plateau stage of

high titers. In contrast, one rabbit (No. 2) showed only a moderate

increase in titer. This variation cannot be explained by either

the presence of clinical signs or persistence of the organism

within tissues (Table 1 and 2). This type of variation should be

confirmed and investigated further with a larger number of rabbits.

However, preinoculation sera consistently showed titers less than

1:50, well below those of the infected rabbits.

Maintenance of a Pasteurella-free rabbit colony on a large

scale requires a simple, reliable test for routine monitoring. To

supplement the cultural isolation method, an enzyme-linked immuno-

assay, as described in the present study, would be useful. Further

investigations are needed to study antigenic crossreactivity among

the P. multocida serotypes prevalent in rabbits.
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