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ABSTRACT

Monoclonal antibodies (MAB) reacting with antigens from an extract of 

Bordetella bronchiseptica were produced. Two MABs (BB05 and BB07) both of 

IgGl class, were selected for detailed characterization.

Using a combination of SDS-polyacrylamide gel electrophoresis and the 

immunoelectroblot technique i t  has been found that both MABs reacted with 

the same 68Kd molecular weight protein antigen. Furthermore i t  has been 

shown by a competition radio-immunoassay that the two MABs reacted with 

distinct non-overlapping epitopes of the 68Kd molecule.

Antibody BB05 cross-reacted with a 68Kd antigen from Bordetella 

pertussis and a 70.7Kd antigen from Bordetella parapertussis but did not react 

w ith microorganisms of the genus Brucella, Pasteurella, Haemophilus,
V

Escherichia, Mycoplasma, Staphilococcus and Streptococcus. The capacity of /  \  

these tv/o MABs to passively protect mice against infection with

B.bronchiseptica was tested. For this purpose, tv/o murine models of 

experimental infection were used. In each instance MABs were injected 

intraperitoneally (ip) 4 hours before ip or aerosol challenge w ith virulent 

B.bronchiseptica. Whilst neither of the two MABs could prevent m ortality 

after ip infection, when mice were challenged by aerosol, one of the tv/o MABs 

(BB05) resulted in a protective effect. This effect was evaluated in terms of 

m ortality, number of bacterial colony - forming- units (cfu) in the lung and 

reduced incidence of atrophic rhinitis at 5 weeks after challenge.

The 68Kd of B.bronchiseptica antigen was purified by BB05- based

a ffin ity  chromatography and evaluated for its potency to actively immunize
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mice towards either ip or aerosol challenge with B. bronchiseptica. 

Immunization with the 68Kd antigen in complete Freund's adjuvant (CFA) 

conferred a significant degree of protective immunity when mice were 

challenged ip. This effect was not observed when the adjuvant used was 

Alhydrogel. In the aerosol infection model immunization with the 68Kd 

antigen with incomplete Freund’s adjuvant (IFA), CFA or saponin reduced the 

bacterial load in the lungs of experimental mice when compared with controls.
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1. INTRODUCTION



16

Bordetella bronchiseptica is a microorganism normally associated with 

respiratory infections in animals. Two diseases are most frequently related to 

B.bronchiseptica: atrophic rh initis (AR) of pigs and canine infectious

tracheobronchitis or kennel cough.

Atrophic rh initis is a disease affecting young pigs characterized by rh initis, 

tracheo-bronchitis, pneumonia and most typically atrophy of the nasal 

turbinate bones. I t  is generally believed that the disease negatively influences 

the weight gain of the affected pigs thus having an economic impact in a farm.

The aetiology of AR is a m atter of controversy among workers in this fie ld. 

Nevertheless, two main pathogens are generally regarded as associated with 

AR: Bvbronchiseptica and Pasteurella multocida.

Given the nature of the disease, that is piglets becoming infected in the firs t 

days of life , vaccination of the sows resulting .in antibodies in colostrum has 

been regarded as a feasible way of preventing the disease. Indeed, as reviewed 

in the next chapter, vaccination of sows and/or piglets with d ifferent 

B.bronchiseptica vaccines has produced encouraging results.

A t the time this project was designed preliminary experiments using a crude 

antigenic preparation of B.bronchiseptica was used to titra te  piglet sera from 

B.bronchiseptica immunized sows. This preparation, designated CSA (for cell 

surface antigens), was believed to contain not only outer membrane proteins 

(OMP) but also LPS subunits. Antibody t itre  against CSA was found to 

correlate w ith protection against AR in piglets 4 weeks old (P.Novotny, 

unpublished data).
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In view of these results i t  was thought that the CSA preparation might contain 

the protective antigen of B.bronchiseptica. Since previous attempts using 

DEAE sepharose chromatography, followed by chromatography on Sephacryl 

S300, failed to separate CSA into its various components an alternative 

approach was the use of the newly introduced monoclonal antibody technology. 

Monoclonal antibodies (MAB) reacting w ith single components could provide a 

handle to subsequent purification. The identification of individual components 

of CSA, including possible protective antigens, could lead to the preparation of 

subcellular B.bronchiseptica vaccines. A lternatively, a protective antigen 

might be of high value fo r serological evaluations of vaccination fie ld trials.
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2. REVIEW OF THE LITERATURE
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2.1 PROPERTIES OF BQRDETELLA BRQNCHISEPTICA

2.1.1. CLASSIFICATION AND IDENTIFICATION

B. bronchiseptica was firs t isolated and identified as Bacillus 

bronchicanis by Ferry in 1910 (Ferry, 1912). The name was chosen 

since the organism was isolated from the respiratory tra c t of dogs 

suffering from distemper. In 1912 the organism was re-named 

Bacterium bronchisepticus (Ferry, 1912).

In the ensuing years, due to morphological and biochemical 

characteristics somewhat similar to other genera, this bacterium was 

re-named four more times as follows: Alcaliqenes bronchisepticus 

(Bergey et al, 1925), Brucella bronchiseptica (Topley and Wilson, 1929), 

Alcaliqenes bronchicanis (Haupt, 1935), Haemophilus bronchisepticus 

(Wilson and Miles, 1946). Finally it  was given its present name when 

Moreno-Lopez (1952) described the genus Bordetella (in honour of 

Jules Bordet who firs t isolated the organism causing whooping cough) 

and the species Bordetella bronchiseptica.

For convenience the term Bordetella bronchiseptica w ill be used in the 

text irrespective of the name with which this bacterium is referred to 

in a particular paper.

Two other species, Bordetella pertussis and Bordetella parapertussis, 

are included in this genus. A ll are minute gram-negative coccobacilli, 

and may stain bipolarly. They are non fermentative, produce no indole 

or hydrogen sulphide but they do produce cytochtrome oxidase, lysine
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decarboxylase and catalase. They do not liquefy gelatin but do render 

litmus milk basic. The minimal nutritional requirements fo r the three 

species as reported by Proom (1955) are as follows: A ll showed an 

absolute requirement for nicotinic acid and no other vitamin was 

required fo r growth. The amino acid requirements were re latively 

simple and showed some sim ilarities. B. bronchiseptica would qrow in
l

a mixture of glutamic acid, proline and leucine while B. parapertussis 

required added cysteine and methionine and B. pertussis required in 

addition alanine, asparagine and serine. Nutritionally the 3 species are 

quite d ifferent from the genus Haemophilus in that they do not require 

X factor (hematin) or V factor (nicotinamide adenine dinucleotide), 

and from the genus Brucella in that they do not require thiamine, 

biotin or pentothenate. B. bronchiseptica can be distinguished from 

Alcaliqenes faecalis in that the former produces a potent urease 

within 4 hours of growth, requires niacin and cannot grow on a simple 

glucose - salt medium, whilst A. faecalis does not possess a urease 

demonstrable within 24 hours, does not require niacin and can grow on 

an organic carbon-salts medium (Ulrich and Needham, 1953).

The growth requirements fo r B.pertussis were further studied by 

Steiner and Scholte (1971) and they found that only three amino acids 

(glutamic acid, proline and cystine) were essential, plus the addition of 

salts and growth factors such as ascorbic acid, glutathione and niacin. 

In this medium all bordetellas grow well provided glassware is properly 

washed and high quality distilled water is used (Novotny unpublished 

data).

3. bronchiseptica is s tric tly  aerobic and grows optimally at 35 to 

37°C. I t  produces haemolysis after 48 hrs incubation in blood agar
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(L'Ecuyer et al, 1961; Gallagher, 1965) and agglutinates erythrocytes 

from a number of species (Bemis and Plotkin, 1982).

A summary of differentia l characteristics of Bordetella species is 

presented in table 1.

2.1.2 MORPHOLOGY AND STRAIN VARIATION

Bordetella bronchiseptica is readily identified as a gram-negative, 

non-spore forming, pleomorphic, coccobacillary bacterium. Cells 

grown on solid media occur mainly in coccoid form, often ranging in 

size from 3.0 by 0.5p to 0.4 by 0.7p to 0.5 by 0.4p (Goodnow, 1980). 

Unlike B. pertussis and B. parapertussis, B. bronchiseptica is motile. 

M o tility  is provided by 1 or 2 flagella per cell.

A detailed electron microscopic investigation of the morphology of 

one strain of B. bronchiseptica was carried out by Ritcher and Kress 

(1967). Their findings indicated that the organism possessed the 

following characteristics: a cell wall composed of five or more layers, 

of which the outer three often gave the surface a lobulated 

appearance; a trilam inar cell membrane; abundant ribosomes 

embedded in a cytoplasmic matrix; nucleoidal material consisting of 

fib rils  and dense bodies; peritrichous flagella composed of interlacing

strands.



TABLE 1 D ifferentia l characteristics of Bordetella species (as compiled from Proom, 1955; Pittman, 1974 

and Goodnow 1980).

SPECIES Growth on

Bordet-Gengou

Agar

Growth on blood- 

free peptone agar*

M otility C itrate

utilization

Urease

activity

N itrate

reduction

Litmus-milk 

alkaline in 

1-4 days

Phase I Phase III

B.bronchiseptica

Moderate to 

rapid, large 

colonies

+ + + + +

(rapid)

+ +

B.pertussis Slow, small 

colonies

+

B.parapertussis

Moderate,

slightly

larger colonies

with

+ ** browning - +/- + - +

Growth on blood-free peptone agar depends on the quality of the medium. Most routine media contains inhibitory 

substances. In the absence of inhibitory substances all bordetellas w ill grow on Steiner-Sicholte medium solidified by L 

agarose (P. Novotny, personal communication).

* *  Phase I of B. parapertussis produces a brown pigment in Steiner-Scholte medium.
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P ili were observed in form alin-treated bacteria as well as in live 

untreated organisms (Bemis and Plotkin, 1982). By negative contrast 

staining pili preparations appeared to consists of thin filamentous 

structures approximately 3 to 4 nm in diameter.

Variations in phenotypic characteristics seem to occur either due to 

changes in culture conditions or through succesive passages in vitro. 

Lacey (1953) observed that when the organism was grown at 37°C and 

w ith NaCl as the chief salt, cells were ovoid or round, non-motile, and 

non flagellated and produced haemolysis. However, if  the 

microorganisms were grown at 25°C on any medium or at 37°C w ith 

MgS04 as the chief salt, cells were bacillary, mostly mobile by 

peritrichous flagellae and less haemolytic. Pederson (1976) has shown 

that the ability of B. bronchiseptica to produce haemolysis is 

dependent upon pH. Haemolysis was strongest dt an acid pH and was 

absent at an alkaline pH.

In a comprehensive study of B. bronchiseptica, Nakase (1957 a) 

described four d ifferent phases (variants) of this organism. Phase I 

was usually found in freshly isolated strains while phase III was 

generally found in stock cultures or when a freshly isolated strain was 

sub-cultured several times; phase II was an intermediate state 

between phases I and III. A rough phase (phase IV) was occasionally 

found in stock cultures. Toxicity for mice and guinea pigs was only 

associated with phase I (Nakase 1957 c).

The main phenotypic properties of these four phases are presented in

table 2.
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TABLE 2. Phenotypic characteristics- of d ifferent phases of

B.bronchiseptica as described by Nakase (1957 a, c)

Phase I Phase II Phase III Rough phase

T exture Smooth Smooth Smooth Rough

Capsule + • variable - -

Flagella + + + +

Haemolysis + +/- - -

Toxicity for 

mice and 

guinea pigs + Not tested
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Bemis et al (1977c) conducted a bacteriological study of 50 B. 

bronchiseptica strains representing both recent isolates and type 

cultures. Three morphological forms called phase I, intermediate 

phase and rough phase were recognised. The characteristics of these 3 

phases are presented in table 3. The majority of the strains were in 

intermediate phase and although some were observed to dissociate to 

rough phase, it  appeared that some strains might represent stable 

intermediate forms. Also in contrast to the observations of Nakase, 

the dissociation rate of phase I organisms was low and morphological 

characteristics could be maintained for over 100 sub-cultures on agar. 

Furthermore, phase I organisms did not possess flagella and capsules 

were not readily demonstrated in any of the strains studied.

2.1.3- ANTIGENS:

The early studies ‘ concerning the • antigenic composition of B. 

bronchiseptica were aimed to establish a serological relationship 

between this organism and the other two members of the genus, 

namely B. pertussis and B. parapertussis.

Eldering and Kendrick (1938) immunized rabbits w ith either B. 

bronchiseptica, B. pertussis or a variant of the la tte r (later 

denominated B. parapertussis) and observed cross-reactivity among 

the three microorganisms. Cross-adsorptions partia lly reduced the 

agglutination titre  thus indicating the presence of common as well as 

species specific antigens. These observations were confirmed and 

extended by Evans and Maitland (1939) who reported cross-reactivity 

among the three microorganisms with regard to agglutination, 

precipitation and complement fixation.



TABLE 3 Morphological phase variation and related properties among B. bronchiseptica isolates (Bemis et al, 1977c).

Phase No. of Texture Haemolysis Flagella Haemaglutination P ili

strains

I 4 Smooth + - + +

Intermediate 42 Smooth - + + to - + or -

Rough 4 Rough - + + or + + or -



Following the principles indicated by Kauffmann (1947) in his 

serological analysis of Escherichia coli, the work of Anderson (1952, 

1953) aimed to d ifferentia te between thermostable (0) and 

thermolabile (K) antigens (Kauffmannproposed the term K antigen to 

designate either envelope or capsular antigens). For this purpose 

rabbits were immunized w ith a live culture (anti-K-antigen antiserum) 

or a culture autoclaved at 120°C (anti-O-antigen antiserum). A fte r 

the appropriate cross-adsorptions, the sera were tested for 

agglutination of formalin killed microorganisms. The results indicated 

that B. pertussis, B. parapertussis and B. bronchiseptica possessed a 

common O antigen but that each of them possessed its own specific K 

antigen in addition to overlapping K antigens.

Eldering et al (1957) extended Anderson’s results and proposed a 

scheme for the identification of the thermolabile K antigens using the 

term antigenic factor. Factors 1 to 6 were only found in cultures of B. 

pertussis and facter 7 in all Bordetella. Factor 14 was specific for B. 

parapertussis and factor 12 for B. bronchiseptica. Factors 8,9 and 10 

account fo r relationships between B.parapertussis and B.

bronchiseptica. Nakase (1957 a) reported on the serologically defined 

components of B. bronchiseptica as part of a comprehensive study of 

this microorganism. He defined four antigens or factors:

L factor: a heat labile capsular antigen.

H factor: a heat labile flegellar antigen.

S factor: a thermostable surface or capsular antigen,

a thermostable somatic antigen.O factor:



28

The presence of these antigens was correlated with the different 

phases of the microorganism. These results are summarised in table 4.

A comparative study (Nakase 1957 d) of B. bronchiseptica strains 

isolated from guinea pigs and dogs showed them to contain the same L, 

S and H antigens, but to d iffe r partia lly in their somatic O antigen: the 

guinea pig strains possessed an 05 antigen while the dog strain had an 

08 antigen. Both strains had antigens 01 and 07.

i

Pedersen in 1975 compared B. bronchiseptica strains isolated from pig, 

rabbit and cat. The pig strains were all found to be serologically 

identical: 01, 2; K l,  2. The same serotype was isolated from a rabbit 

while another rabbit strain was found to be 01, 3; K l,  3, 4. The 

antigen pattern found in two cat strains was 01, 3; K l,  3.

2.1.4 TOXINS

In 1939 Evans and Maitland reported the firs t detailed description of a 

B.bronchiseptica intracellular toxin. This toxin, present in both live 

and killed and ground bacilli, had a lethal e ffect when injected iv into 

guinea pigs, and produced dermo-necrotic lesions in the skin of rabbits. 

I t  lost potency after filtra tio n  through a Seitz EK f ilte r  and was 

inactivated at 56°C or by formalin. I t  is interesting that rabbits 

immunized w ith the formolised toxin were as susceptible as normal 

rabbits to intradermal injection of the intact toxin, although sera from 

the immunized rabbits contained agglutinating, precipitating and 

complement fixing antibodies. The following year a toxic extract, 

prepared by the alternate freezing and thawing of a suspension of 

B.bronchiseptica, was shown to produce hyperglycemia followed by
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TABLE 4 Serologically defined antigens of B. bronchiseptica (Nakase 

1957 a)

ANTIGEN or PHASE

FACTOR

I II I I I - l II I-2 RC

L + +/- - - -

H + • +/- + + -

S + +/- - - -

01 + +/- + - +

05 + +/- - + +

07 + +/- + + •
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y C./
hypoglycemia and death in iv injected rabbity ^ (Oddy and Evans,

y
1940). A similar extract from B.pertussis induced the production of 

antibodies capable of neutralizing B.bronchiseptica and B.parapertussis 

toxins (Evans 1940).

In 1942 Eldering described a polysaccharide extract which was toxic 

for mice and rabbits. Immunization of mice w ith this polysaccharide 

conferred protection against ip infection w ith B.bronchiseptica. 

Moreover the B.bronchiseptica extract cross-protected mice against
i

either B.pertussis or B.parapertussis challenge.

Nakase (1957c) reported a toxin prepared from the supernatants of 

B.bronchiseptica Phase I cultures. This toxin was present in lesser 

quantities in the supernatants of Phase III strains, but not at all in the 

culture of rough phase organisms.

A toxin prepared from a B.bronchiseptica strain of human origin 

affected oxygen uptake, calcium translocation and the morphology of 

beef-heart mitochondria (Harris et al 1968). The authors pointed out 

that this e ffect mimicked, in part, the effect of parathyroid hormone.

This is of particular interest since hyperparathyroidism leads to bone 

resorption, w ith lesions sim ilar to those observed in the turbinate 

bones of pigs suffering from AR. In a subsequent report (Harris et al 

1971) this toxic extract was studied further and the inhibition of the 

accumulation of calcium phosphate confirmed in both bovine and pig 

heart mitochondria. I t  was also observed that the toxic e ffect was 

decreased by heat treatment which indicated, according to the 

authors, that the active moiety may not be endotoxin since the 

biological properties of endotoxin of gram-negative organisms, which 

have been classically attributed to LPS, are heat-stable.
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Some attempts have been made to reproduce AR using cell-free 

extracts. In one instance Hanada et al (1979) induced AR in SPF pigs 

after inoculating them with a B.bronchiseptica sonicate fo r 64 

consecutive days. Similarly, Nakase et al (1980) inoculated baby mice 

with a B.bronchiseptica cell-free extract and observed AR at 2 to 3 

weeks post inoculation. This extract induced progressively 

degenerative lesions in mouse embryonic maxillary bone characterized 

by poor ossification. Endotoxins from B.bronchiseptica or Salmonella 

typhi, as well .as the heat-inactivated extract, showed the opposite 

e ffect stimulating ossification.

Some studies have been aimed at investigating the presence in 

B.bronchiseptica of some of the biologically active factors present in 

B.pertussis such as the histamine-sensitizing-factor. One of such 

studies (Ross et al 1969) reported the absence of this factor in 

B.bronchiseptica. Similarly Irons and MacLennan (1978), studying the 

haemagglutinins of bordetellas, concluded that B.bronchiseptica lacked 

a particular haemagglutinin associated with histamine sensitization 

activ ity. However, Dixon et al (1979), studying the effect of iv 

administered histamine in normal dogs and in dogs whose upper 

respiratory trac t was naturally infected with B.bronchiseptica, have 

shown that in the la tte r group histamine produced a significant 

increase in the rate of discharge of lung irr itan t and reduced the 

airflow through the respiratory tract indicating an incremented 

reactiv ity to this drug.

Another factor studied has been the enzyme adenylate cyclase. I t  has 

been suggested that this enzyme may play a role in the pathogenicity 

of B.pertussis (Confer and Eaton, 1982). Supernatants of B.pertussis
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culture caused suppression of superoxide production by human 

neutrophils and alveolar macrophages. The B.pertussis products also 

induce a profound bactericidal defect in neutrophils. I t  was found that 

B.pertussis contained high adenylate cyclase activ ity  and that 

neutrophils incubated with this extract underwent a striking increase 

in intra-cellu lar cAMP. The authors quoted early studies where 

increase of cAMP impaired phagocytic functions. Hall et al (1982) 

have shown that Phase I strains of B.pertussis and B.bronchiseptica 

synthesize cAMP whereas non-virulent Phase IV strains are unable to 

do so. Endoh et al (1980) found abundant adenylate cyclase activ ity  in 

Phase I cultures of B.pertussis, B.parapertussis and B.bronchiseptica.

The enzyme ac tiv ity  in the culture flu id  increased rapidly and reached 

a peak during the logarithmic growth phase. B.bronchiseptica and 

B.parapertussis in particular produced high enzyme ac tiv ity  in the 

culture supernatant but l it t le  or no activ ity.w as detected in cells 

throughout the growth period. Phase III cultures of the three species 

lacked both extracellular and intracellular enzyme activ ity .

2.2 DISEASES ASSOCIATED WITH BQRDETELLA BRONCHISEPTICA

2.2.1 ATROPHIC RHINITIS OF SWINE

Atrophic rh in itis  is a respiratory disease affecting prim arily young 

pigs but causing anatomical lesions which may or may not persist for 

life . The disease is characterized clin ically by an in itia l attack of
, t

acute rhinitis accompanied by tracheiteis and pneumonia or L 

bronchopneumonia and followed by atrophy of the turbinate bones 

which in some cases may result in deform ity of the face.
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2.2.1.1. AETIOLOGY

Throughout the years the disease has been attributed to d ifferent 

aetiological factors including genetic and environmental factors, 

nutritional deficiencies and infectious agents. Currently AR is 

regarded as an infectious disease by most workers in the fie ld. 

Bordetella bronchiseptica is considered the main etiological factor 

in countries such as U.S.A. and Japan. In other countries the disease 

has also been associated w ith P. multocida. What follows is a 

review of the. main etiological factors associated with AR.

Genetic Influences

The possibility of genetic factors involved in the aetiology of AR 

has received some attention. The heritability of this disease was 

estimated as 0.14 (Backstrom et a! 1976) and 0.42 (Elias and Hamori, 

1975). Nevertheless breeding experiments on a large farm led to 'the 

conclusion that the disease was not directly inherited, but that a 

genetic predisposition exists in some animals which readily contract 

the disease (Hamori, 1970). Certain breeds, such as Landrace, have 

shown a greater seasonal tendency to develop AR (Bjttrklund and 

Henrieson, 1965 and 1966).

Nutritional Factors

The possibility that nutritional deficiencies, particularly in minerals, 

might play a role in inducing or exacerbating AR has been 

repeatedly considered. Brown et al (1966) regarded the disease as 

the nasal manifestation of generalized osteodystrophia fibrosa, the 

expression of secondary hyperparathyroidism which can be 

experimentally reproduced by a lack of calcium or an excess of 

phosphorus in the diet. In contrast with this result a number of
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investigations have provided evidence against the involvement of 

nutrient deficiencies in the etiology of AR. A diet deficient in 

vitamin D resulted in reduced weight gain and feed conversion 

efficiency, but gross histological signs of AR were not found in 

experimental pigs (Baustad et al 1967). Gross changes of AR were 

not found in pigs fed w ith different ratios of calcium: phosphorus 

(Horvath and Papp, 1971; Coalson et al 1972). Similarly, rations 

containing high levels of calcium and phosphorus did not influence 

the incidence, course or severity of lesions in flic ted by a severe 

outbreak of AR (Maclean 1971).

The effect of dietary calcium and phosphate in combination w ith 

nasal instillation of infectious material was investigated in 

hysterectomy - derived and naturally farrowed pigs. Regardless of 

the composition of the diet, pigs inoculated with the infectious 

material developed AR (Kemeny et al, 1970). In a sim ilar study, 

pigs receiving a diet either high or low in calcium were nasally 

inoculated with B. bronchiseptica. Low calcium produced turbinate 

osteopenia in all pigs but only pigs inoculated with B. bronchiseptica 

developed turbinate deformations (Logomarsino et al, 1974).

Bordetella Bronchiseptica

The volume of evidence supporting B. bronchiseptica as a major 

etiological factor in AR can be divided into three groups:

(a) Isolation of B. bronchiseptica from naturally occurring AR 

cases.

(b) Experimental reproduction of the disease by inoculation of B. 

bronchiseptica.
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(c) Reduction in the incidence of AR either by vaccination w ith B. 

bronchiseptica vaccines, the use of anti- B. bronchiseptica 

drugs or elimination of B. bronchiseptica infected animals. 

(This topic w ill be considered in a separate section).

B. bronchiseptica has been isolated from herds naturally affected 

with AR in U.S.A. (Cross and C laffin , 1962; Switzer and Farrington, 

1972) Japan (Maeda et al 1971) Denmark (Tornoe et al 1976) England 

(Giles et al, 1980a) Netherlands (Akkermans et al, 1969) West 

Germany (Dirks et al, 1973).

The reports of experimental reproduction of AR by inoculation of 

pigs with B. bronchiseptica have been numerous since Switzer (1956) 

reported that a bacterium described originally as Alcaliqenes sp, but 

subsequently identified as B. bronchiseptica, recovered from 

atrophied turbinates produced turbinate atrophy when i t  was 

instilled intranasally into new-born pigs. This observation has been 

verified in conventional pigs (Ross et al, 1963; Duncan et al, 1966ot 

Ross et al, 1967; Harris and Switzer, 1968; Kemeny, 1972a; Skelly et 

al 1980) and gnotobiotic pigs (NaKagawa et al, 1974; Dun, 1975; 

Edington et al, 1976; Brassine et al, 1976). The disease has also 

been reproduced by inoculating SPF piglets with a cell free sonicate 

of B. bronchiseptica (Hanada et al, 1979).

In the last two years a group in the UK has questioned the role of 

B.bronchiseptica as a major factor in the aetiology of AR. In one 

study Rutter (1981) isolated B.bronchiseptica from 5 of 6 herds with 

AR and from 6 of 7 herds without external evidence or history of 

clinical disease. The author concluded that these results did not 

provide support for the view that B.bronchiseptica caused AR in the

herds studied fo r the following reasons:



36

(a) The microorganism was isolated from only 6 of 17 pigs with 

twisted or shortened snouts and was present in age matched 

pigs with normal snouts.

(b) C linical disease could not be associated with significantly 

larger numbers of B.bronchiseptica in individual pigs or in 

affected herds.

(c) The frequency of isolation and numbers of the organism were 

not reduced in one herd in which clinical disease had 

disappeared after oxytetracyclinemedication. / e
a .

In the second study Rutter et al (1982) compared B.bronchiseptica 

isolates from herds with and without clinical AR. They found no 

significant difference in virulence between the different isolates. 

A ll were phase I organisms} killed gnotobiotic pigs and produced 

similar turbinate lesions and pneumonia. . The LD50 for mice from 

live organisms as well as their toxins were sim ilar. They concluded 

that to explain the aetiology of AR other factors are needed and 

they advanced 3 hypotheses:

(a) The pathogenicity of B.bronchiseptica might be enhanced by 

the presence of other microorganisms.

(b) B.bronchiseptica might enhance the pathogenicity of other 

microorganisms.

(c) Other microorganisms might cause AR, bordetellosis being a 

concomitant but separate infection.

Pasteurella Multocida

The association of P. multocida with AR has been considered in a 

number of investigations. Between 3 to 9% of herds sampled by 

nasal swabs in the state of Iowa, U.5.A. yielded positive cultures of



37

P. multocida (Ross et al, 1963; Harris et al, 1969). In a sim ilar 

study in West Germany this organism was isolated from 36% of pigs 

from herds affected by AR. The condition was experimentally 

reproduced by inoculating P. multocida isolates (Dirks et al, 1973). 

Similarly, Switzer (1936) reproduced AR by intranasally inoculating 

pigs w ith a crude turbinate suspension yielding pure P. multocida. 

However, NaKagawa et al (1974) in Japan failed to reproduce the 

disease after inoculation of pigs w ith P.multocida.

»

The disease was reproduced in gnotobiotic piglets by inoculation 

with a cell free broth filtra te  of a toxin producing strain of 

P.multocida D (de Jong et al, 1980, Martineau et al, 1982).

Studies involving the simultaneous inoculation of B. bronchiseptica 

and P. multocida have produced contradictory results. P. multocida 

became established and persisted in the nasal cavity of swine only 

after pre-conditioning the nasal epithelium with B. bronchiseptica 

(Harris and Switzer, 1968). In contrast Nielsen et al (1976) reported 

that P. multocida alone, or in combination with B. bronchiseptica, 

was capable of producing severe AR. Similarly R utter and Rojas 

(1982) reported that the severe lesions associated w ith fie ld 

outbreaks of AR could not be reproduced in gnotobiotic pigs 

infected with B.bronchiseptica alone. Severe damage to the 

turbinate and facial bones was produced by inoculation w ith 

B.bronchiseptica followed 5 days la ter by inoculation with a 

dermonecrotic toxin producing strain of P.multocida.

Synergism between B. bronchiseptica and P. multocida was studied 

by Barford and Pederson (1982). Pigs from B. bronchiseptica
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vaccinated sows were protected against intranasal inoculation with 

B. bronchiseptica. However, when the inoculation contained both 

microorganisms severe turbinate atrophy was observed in pigs from 

both vaccinated and unvaccinated sows.

Other Microorganisms

The possibility of other microorganisms, such as viruses or 

mycoplasmas, being involved in the aetiology of AR has been 

considered. ,

Porcine cytomegalovirus produced rhinitis and pneumonia when 

inoculated intranasally into young gnotobiotic pigs. However, the 

nasal lesions were confined to the lamina propria of the nasal 

epithelium and atrophy of the turbinate bones was not observed. 

Some exacerbation of the lesions was noticed when the inoculum 

contained both the virus and B. bronchiseptica, although the degree 

of bone atrophy was not increased (Edington et al, 1976).

Mycoplasma hyorhinis was isolated from the nasal cavities of swine 

with either atrophic or normal turbinates. However, in inoculation 

experiments with this organism AR was not reproduced (Switzer, 

1956). Similarly, Nielsen et al (1976) failed to reproduce AR after 

inoculation w ith Mycoplasma flocculare.

2.2.1.2. DISTRIBUTION

AR has been recognised in all parts of the world where there is a

large pig-producing industry (Switzer and Farrington, 1972).
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In the U.K. a survey conducted in 1956-1957 indicated an overall 

prevalence of 9.9% (Done et al, 1964). In 1974 Penny and Mullen 

(1975) conducted an abattoir study in England and Scotland. They 

observed obvious atrophy of the tubinates in 44.7% of the pigs 

examined and severe atrophy in 17.5%. A most recent study 

(Cameron et al, 1980) comprising abattoirs in Southern England 

showed an incidence of 10%.

2.2.1.3. EPIDEMIOLQGY

AR is usually a chronic disease which under normal circumstances 

w ill not produce high m ortality although some piglets may die of 

pneumonia. Morbidity varies among herds but i t  may approach 50% 

especially in herds where the infection has been recently introduced 

(Blood et al, 1979). In many herds a high proportion (between 50 to 

90%) of pigs 4 to 10 weeks old may have nasal cavities infected with 

B. bronchisepica (Switzer and Farrington, 1972).

I t  is generally believed that for the disease to develop as a gross 

atrophy of the turbinate bones, piglets need to be infected early in 

life  and is thus influenced by the proportion of carrier sows within 

the herd. This has been confirmed in studies where the disease is 

experimentally reproduced. Gross turbinate atrophy could be 

readily produced when piglets were intranasally inoculated with B. 

bronchiseptica at 3 days of age. Mild to moderate atrophy 

developed when pigs were inoculated at 4 weeks of age (Ross et al, 

1963; Duncan et al, 1966b).

Switzer and Farrington (1972) considered that AR caused by B. 

bronchiseptica spreads by 3 different ways:
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(a) By nasal contact between infected sows and the ir offspring.

(b) By aerosol infection between young pigs.

(c) By exposure of susceptible pigs to nonswine carriers of the 

organism, the cat being probably the greatest potential source. 

I t  was shown that a B. bronchiseptica isolate from a cat 

caused moderate turbinate atrophy in experimentally infected 

pigs (Ross et al, 1967).

I t  has been pointed out (Penny, 1977) that other factors such as 

overcrowding, poor hygiene and, in particular, poor ventilation may 

intervene to potentiate and perpetuate the disease in a particular 

farm.

2.2.1.4. CLINICAL SIGNS

The clinical signs of AR have been described in detail by Blood et al 

(1979). The acute cases are characterized by swelling of the nasal 

mucosa with breathing obstruction, a watery nasal discharge, 

coughing, sneezing and rubbing of the nose either against objects or 

on the ground. A watery ocular discharge usually accompanies this 

and may result in the appearence of dried streaks of d irt under the 

eyes. In severe cases, respiratory obstruction may increase to the 

point of dyspnea and cyanosis, and sucking pigs may have great 

d ifficu lties in nursing; the nasal secretions become thicker and nasal 

bleeding may also occur.

In the more chronic stages there is often pronounced deform ity of 

the face due to arrested development of the bones, especially the 

turbinates, and the accumulation of necrotic material in the nasal 

cavities; interference with the development of the upper jaw leads
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to its shortening (brachygnathia superior), wrinkling of the skin and 

twisting of the snout. Prehension and mastication become d ifficu lt 

with a resulting loss of body condition. The most serious effects of 

the disease are depression of growth rate and unthriftiness. The 

appetite may be unaffected, but much food is lost by spillage and 

the weight gain per Kg of food may be reduced.

2.2.I.5. PATHOLOGICAL LESIONS 

Macroscopic Lesions

The typical lesions of AR are restricted to the nasal cavity but i t  is 

not rare to find pneumonia and pleurisy. In the nasal cavity, in the 

early stages, there is acute inflammation, sometimes with the 

accumulation of pus, but in the later stages there is evidence only of 

atrophy of the mucosa and decalcification and atrophy of the 

turbinate bones, which may have completely disappeared in severe 

cases. Estimation of the degree of symmetry, volume and atrophy 

of the turbinate bones and deviation of the nasal septum should be 

assessed by inspection of a vertical cross-section of the skull at the 

level of the second premolar tooth (Blood et al, 1979). Done et al 

(1964) has proposed a system of grades which has been used by 

himself and other workers (Cameron et al, 1980; Penny and Mullen,

1975) to express the degree of severity of the macroscopic lesions in 

the turbinate bones of diseased pigs.

Microscopic Lesions

Histopathological studies have been performed in naturally 

occurring as well as experimentally induced AR cases.

Duncan et al (1966^ experimentally infected piglets with B. \ /  

bronchiseptica and observed hyperplasia and metaplasia of the nasal
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epithelium, fibrosis and collagen formation in the lamina propia, and 

resorption of the bony core. Similarly Nakagawa et al (1974) 

reported reduction of new bone, formation and a chronic catarrhal 

productive rhinitis in gnotobiotic pigs experimentally infected. An 

electron microscopic study of the turbinate bone cells o f  

experimentally infected pigs revealed progressive degenerative 

changes in osteoblasts and osteocytes. Osteoclasts, although 

occasionally affected, appeared similar to those of normal pigs.

i

Fetter and Capen (1971) studied the fine structure of bone cells in 

the nasal turbinates of pigs with naturally occurring AR. The 

fundamental microscopic lesion was the presence of less tubular 

cancellous bone in the nasal turbinates. Severe degenerative 

changes were observed in osteoblasts and osteocytes. Maeda et al 

(1971) examined the nasal turbinates of pigs from which B. 

bronchiseptica was isolated. They observed rarefaction of the 

osseous trabeculae, characterized by the disappearence of 

osteocytes and resorption w ith osteoclasts.

Kobish et al (1979) reported on the pneumonic lesions in pigs 

experimentally infected with B.bronchiseptica. They observed that 

6 weeks after inoculation of the microorganism, pneumonia 

presented the characteristics of an acute inflammation progressing 

to a subacute form with presence of mononuclear cells. By the 

tenth week after infection fibrosis preponderated with invasion of 

the pneumonic foci by fibroblasts.
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The information available at the present moment does not allow to 

envisage a clear mechanism of pathogenicity for this disease. 

Studies covering the effect of B.bronchiseptica upon the nasal and 

tracheal epithelium indicate a predilection of this bacterium for 

ciliated cells. Duncan and Ramsey (1963) intranasally inoculated 

pigs w ith B.bronchiseptica and studied the effect of this organism on 

the nasal epithelium. The principal alteration was the loss of cilia . 

Scattered cells had fewer cilia more widely spaced. Yokomizo and 

Shimizu (1979) compared the attachment ability of phase I and phase 

III cells of B.bronchiseptica to porcine nasal cells in v itro . 

Significantly, fewer phase III organisms became attached. Electron 

microscopy showed bacteria heavily attached to the cilia . I t  is 

interesting that pre-treatment of phase I organisms with 1% trypsin 

did not significantly a ffect attachment. However, attachment was 

affected by heat treatment, formalin and preincubation with 

antiserum to phase I organisms. . Similar observations were made m 

vivo after piglets had been intranasally inoculated with either phase 

I or phase III micro-organisms. The nasal epithelium of piglets 

inoculated with phase I organisms showed a marked loss of c ilia  and 

the attachment of numerous bacteria to shortened cilia. No such 

changes and no bacterial attachment were observed in piglets 

inoculated with phase III organisms. Similar studies in other animal 

species confirm these results. Matsuyama and Takino (1980)

inoculated rabbit tracheal mucosa w ith B.brochiseptica in v itro . 

The infected mucous membrane was partly denuded of cilia . Bemis 

et al (1977b) conducted an experiment whereby dogs were aerosol 

challenged with a mixture of microorganisms containing 

B.bronchiseptica. P.multocida, Staphylococcus aureus and

2.2.1.6. PATHOGENICITY
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Pseudomona aeruginosa. P.multocida and S.aureus were completely 

cleared from the trachea w ithin one day post inoculation, 

P.aeruginosa was cleared w ithin 3 days but B.bronchiseptica 

increased in number from day one to day 3 post inoculation. In a 

more recent study, Bemis and Kennedy (1981) have shown that 

B.bronchiseptica phase I isolates produced ciliostasis w ithin 3 hours 

after inoculation in canine tracheal explants. The c iliosta tic  effect 

could not be produced by rough phase isolates, heat or formalin 

killed phase I preparations, endotoxin or culture supernatants from 

phase I organisms.

The study of the e ffect of B.bronchiseptica infection on the 

turbinate bones has produced two main interpretations for the 

atrophy of these bony structures. Maeda et al (1971) described the 

lesion as rarefaction with disappearance of osteocytes and 

resorption with osteoclasts. Duncan et al (1966b) also attributed the 

atrophy to resorption and replacement fibrosis in the bony core. 

These authors expressed the view that B.bronchiseptica must 

produce, or be responsible for, the elaboration of some substance 

which diffuses into the tissue and elicits the change in the osseous 

core without causing a marked inflammatory reaction. In this 

respect a B.bronchiseptica cell-free sonicate has been shown to 

induce AR in SPF piglets after intranasal inoculation for 64 

consecutive days (Hanada et al, 1979). The alternative

interpretation has been that atrophy is mainly due to reduced 

formation of bone matrix, accompanied by degenerative changes in 

osteoblasts and osteocytes (Fetter and Capen, 1971; Harris et al, 

1971; Silveira et al, 1980). Harris et al (1971) have suggested a 

mechanism to explain the reduction in bone m atrix formation.



45

A fte r their observations that a B.bronchiseptica extract profoundly 

affects calcium translocation in bovine and pig heart mitochondria, 

they postulated that a component of B.bronchiseptica, present in the 

nasal cavity of infected pigs, could prevent the deposition of 

calcium into hydroxyapatite in the turbinate bone.

The possibility that the atrophy of the turbinates might be due to 

glandular disorders has been studied. No evidence of severe or 

prolonged parathyroid stimulation was found in pigs suffering from 

AR (Fetter and Capen, 1968). This result contradicted a previous 

study where AR was attributed to secondary hyperparathyroidism 

associated with hypocalcaemia (Brown et al 1966). Similarly, no 

changes were observed in the cellular ultrastructure of the thyroid 

gland of pigs affected by AR, suggesting that an interference in the 

synthesis or release of thyrocalcitonin was not of aetiological 

importance in this disease (Fetter and Capen 1970).

Attention has been given to the effects of B.bronchiseptica upon 

alkaline phosphatase activ ity  in the turbinate bones of pigs (Silveira 

et al, 1980 and 1982). Although the role of this enzyme in bone 

formation was uncertain, i t  was clear that in SPF control pigs the 

alkaline phosphatase activ ity  decreased over the 28 days observation 

period, while in B.bronchiseptica experimentally infected animals 

the enzyme activ ity  was depressed as early as 4 days post

inoculation, but by day 14 and 28 i t  had increased to twice that of 

control animals.

Important in understanding the pathogenic mechanisms involved in 

this disease is the observation that in pigs experimentally infected
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with B.bronchiseptica at early age, the typical atrophy or hypoplasia 

of the turbinate bones present* few weeks after infection can 

espontaneously regenerate when the animals reach 5 months of age
b

(Duncan et al, 1966b) or 70Kg of body weight (Smith et al 1982k). In 

the la tte r study this regeneration occurred in both vaccinated and 

nonvaccinated pigs. This led the authors to suggest that other 

factors, responsible fo r the damage seen in fie ld cases of AR (where 

the disease is progressive), were absent in their experimental 

conditions. Duncan et al (1966b) interpret their observation in the 

light of the well established correlation between age of the animals 

and susceptibility to turbinate atrophy produced by 

B.bronchiseptica. The more rapid growth of the younger pigs allows 

for a rapid increase in the size of the nasal cavity which when 

accompanied by suppression of the normal growth of turbinate by 

the bacterial rhinitis results in gross appearance of atrophy. These 

authors added that the appearance of atrophy is most like ly a 

hypoplastic response of the turbinate bones to a specific irr ita n t and 

is accentuated by the normal growth- of the nasal cavity. 

Continuous bacterial m ultiplication seems to be necessary for the 

maintenance of turbinate atrophy; once the cause is removed or 

reduced the turbinate is able to regenerate.

In summary, i t  can be said that B.bronchiseptica exerts its 

pathogenicity through at least two main mechanisms:

(1) Partial destruction and impairment of the muco-ci.-Xiary 

apparatus of the naso and tracheal epithelium which enables it  

to successfully colonize these tissues.

(2) Destruction of the turbinate bone either through direct 

contact w ith these structures or through the release of toxic

mediators.
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2.2.1.7. DIAGNOSIS

The clinical signs of the disease, namely sneezing and coughing in 

the early stages and facial deformity in the later stages, are 

characteristic of AR and when fu lly  present make the diagnosis of 

the disease easy. Additional support may be obtained i f  post

mortem examinations are performed.

Done (1976) suggested snout radiography as a useful and practicable 

aid to the diagnosis of AR. Webbon et al (1978) radiographed 168 

piglets at 8 weeks of age to test the feasibility of this technique in 

establishing fie ld diagnosis of AR. Their general impression was a 

lack of correlation between radiographic and post-mortem grades. 

They concluded that a large screening programme would be 

impracticable for the average veterinarian.

The possibility of using a serological method, such as agglutination 

of B.bronchiseptica cells, to fac ilita te  the diagnosis and estimate 

the prevalence of AR in a swine heard has been considered. Kemeny 

and Amtower (1973) isolated B.bronchiseptica from 3% of 431 pigs 

of various ages, whereas an agglutination test detected antibodies in 

the sera of 33% of the same group of animals. Similar observations 

were made by Jenkins (1978) who isolated the microorganism from 

10% of the pigs sampled while 60% gave a positive agglutination 

reaction. Bercovich and Osterwoud (1979) found that sows w ith a 

negative agglutination titre  were usually negative when their nose 

flora was sampled fo r B.bronchiseptica culture. However, some 

studies have failed to establish a positive correlation between 

agglutination titre  and isolation of B.bronchiseptica (Torn^eet al 

1976) or severity of AR lesions (Kang et al, 1970).
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2.2.1.8. CONTROL

The control of AR has been approached in three different ways:

(a) Vaccination

(b) Chemotherapy

(c) Elimination of B.bronchiseptica carriers.

Vaccination

The possibility of preventing AR by vaccination of the sow and/or 

the piglets has been extensively explored. A number of d ifferent 

vaccination strategies have been tested with encouraging results and 

have been recently reviewed by Giles and Smith (1983).

Harris and Switzer (1969) intranasally vaccinated pigs with a 

virulent strain of B.bronchiseptica sensitive to sulfonamide. A fte r 

the nasal cavity of the pigs was freed from the vaccinating strain by 

administrating sulfonamide with the food, the pigs were resistant to 

further re-infection w ith B.bronchiseptica. An identical result was 

obtained when the vaccine contained a low-virulence strain of 

canine origin. I t  is interesting that no detectable agglutinating 

antibodies were present in the sera of protected pigs. In the same 

study intramuscularly vaccinated pigs produced high titres of 

agglutinating antibody, although they were not resistant to 

intranasal infection with B.bronchiseptica. In a subsequent report 

the same authors reported accelerated nasal clearance of 

B.bronchiseptica after the subcutaneous administration of a 

sonically disrupted B.bronchiseptica strain. A similar result was

obtained when a B.pertussis vaccine was used (Harris and Switzer, 

1972).
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Kemeny (1972) observed that newborn piglets intranasally inoculated 

w ith B.bronchiseptica produced detectable agglutinating antibodies 

by the second week after inoculation. I t  is interesting that the 

antibody titre  was lower in pigs born from B.bronchiseptica 

immunized sows, which thus received '’immune" colostrum, than in 

pigs receiving "normal" colostrum from non-immunized sows. I t  was 

also found that the incidence of experimentally induced AR was 

higher in piglets deprived of colostrum than in piglets receiving 

"immune" colostrum

Koshimizu et al (1973) immunized pregnant sows 4 to 6 weeks before 

parturition with a thimerosal-killed phase I B.bronchiseptica strain. 

The colostrum-fed piglets born from these sows had a high anti- 

B.bronchiseptica antibody titre  7 days after birth and resisted the 

nasal establishment of B.bronchiseptica. The efficacy of a 

B.bronchiseptica vaccine was evaluated in two commercial swine 

herds. In one herd sows were vaccinated 4 and 2 weeks before 

farrowing and their farrowed piglets vaccinated at 7 and 28 days of 

age. The second herd received no immunization. The incidence of 

AR and the number of days required to reach market weight was 

significantly reduced in the immunized herd (Goodnow, 1977). These 

results were confirmed in a subsequent study, and the antibody titre  

in the serum of vaccinated pigs was found to correlate w ith the 

decreased degree of nasal turbinate atrophy (Goodnow et al, 1979).

Piglets intranasally vaccinated at 1 or 2 days of age w ith a live 

B.bronchiseptica vaccine were less prone to develop AR after an 

aerosol challenge w ith B.bronchiseptica than nonvaccinated control

piglets (Wisecarver and Goodnow, 1980). A sim ilar result was
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obtained using a non-pathogenic B.bronchiseptica strain as vaccine, 

and in this instance piglets were resistant to both B.bronchiseptica 

and P.multocida challenge (de Jong and Rondhuis, 1982).

A novel approach was developed by Daniel et al (1982) who orally 

immunized sows by feeding them with an inactivated 

B.bronchiseptica strain, while their suckling piglets were 

intranasally immunized with an avirulent B.bronchiseptica strain. 

This vaccination protocol was compared in a field tr ia l w ith one 

where both sows and their piglets were vaccinated w ith an 

injectable vaccine. The results indicated that the former treatment 

resulted in less sever nasal atrophy.

Smith et al (1982_b) compared the effect of B. bronchiseptica 

infection in the progeny of sows immunized by two different ways. 

In one case (group A) sows were infected intranasally w ith live B. 

bronchiseptica, fed killed organisms periodically and inoculated 

parenterally w ith a killed vaccine 8, 6 and 2 weeks before 

parturition. Another group of sows (group B) were only immunized 

parenterally. A group of piglets were infected by instillation of B. 

bronchiseptica in their nostrils in the firs t 24 hours of life . The 

intensity of the nasal infection was broadly the same regardless of 

the immunological status of the dam. However, the mean turbinate 

hypoplasia was significantly less severe in piglets from sows in group 

A. In addition to turbinate lesions, piglets born from control, non 

immunized sows, exhibited considerable pneumonia. A second group 

of piglets were infected by exposing them to deliberately infected 

lit te r  mates. In this group half of the piglets were vaccinated at 

day 7 and 28 of age. On average the progeny of sows in group A
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were largely free from turbinate damage (at 8 weeks of age) 

whereas piglets from sows in group B or non-immunized sows 

developed distinctive hypoplasia. Whether or not piglets had been 

vaccinated did not significantly influence the outcome of the 

infection in the turbinate bones, although piglets receiving immune 

colostrum responded poorly to parenteral vaccination. When the 

pigs reached 70 kg of body weight, hypoplasia of the turbinate bones 

had significantly receded and was only perceptible in the 

unvaccinated, pigs from non-vaccinated sows. No significant 

differences in weight gain occurred in the various groups of pigs 

reared to 70 kg.

In summary i t  can be said that:

(a) Although the role of B. bronchiseptica in the aetiology, of AR is 

s till controversial, studies concerning the use of B. bronchiseptica 

vaccines to control this disease indicate that vaccination is a 

measure which may prove useful in reducing the incidence of AR in 

a herd and may also contribute to optimize the performance of pigs 

in terms of daily weight gain.

(b) Given the nature of the disease, namely that piglets are infected 

very early in life , vaccination of sows, resulting in high levels of 

antibodies in colostrum, seems the most plausible approach. 

Vaccination of piglets born from immune sows may be impaired by 

the presence of passively accquired maternal antibodies.
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Chemotherapy

The use of anti-bacterial drugs, either as food additives or by 

parental application, has been adopted on some pig farms as a 

measure to control AR. An example of the kind of therapy 

employed in farms in southern England can be found in the study 

conducted by Giles et al (1980a).

Sulphonamides are among the most commonly employed drugs in 

combination with other antibiotics such as tetracycline and 

penicillin (Switzer, 1963), tylosin (Done, 1975), carbadox (Farrington 

and Shivelly, 1979). Recently a combination of trimethoprim and 

sulphadiazine, administered either in drinking water (Giles et al, 

1980b) or in food (White and Dassamayake, 1980), was proven 

successful in clearing an experimentally induced B.bronchiseptica 

nasal infection in piglets.

A serious disadvantage in the use of anti-bacterial drugs is the 

creation of drug resistance. Examples of this kind among 

B.bronchiseptica isolates have been reported (Harris and Switzer, 

1969; Terakado et al, 1974). Furthermore, the occurrence of 

plasmids among B.bronchiseptica field isolates capable of 

transmitting drug resistance to other bacteria has been reported 

(Terakado et al 1974; Graham and Abruzzo, 1982).

Elimination of B.bronchiseptica Carriers

A third alternative to the control of AR in a herd has been

developed by Farrington and Switzer (1977). This consists in
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identification of B.bronchiseptica carriers in the breeding herd by 

culturing 3 series of nasal swab specimens from each animal, 

followed by the subsequent elimination of B.bronchiseptica - culture 

positive animals. When this approach was put into practice, 13 out 

of 17 herds experiencing clinical AR were freed from clinical signs 

of this disease.

2.2.1.9 EXPERIMENTAL INFECTION OF LABORATORY ANIMALS WITH

B. BRQNCHISEPTICA IN CONNECTION WITH ATROPHIC 

RHINITIS

Studies in this area have been aimed at two aspects:

(a) To attempt to reproduce AR after inoculation of B. 

bronchiseptica.

(b) To develop a model suitable to test B. bronchiseptica vaccines.

In the firs t instance, the earlier report is from V .£fWatkin;i and

instillation of nasal washings from affected pigs in adult and baby 

mice, rats, hamsters, guinea pigs and rabbits. A proportion of the 

animals died at different time intervals after inoculation and in 

some cases post mortem examination revealed signs of pneumonia. 

However, examination of the turbinate bones in the surviving 

animals 2 to 3 weeks after inoculation did not show signs of AR.

Maeda (1973) and Maeda and Shimizu (1975) intranasally inoculated 

baby rabbits w ith B. bronchiseptica of pig or rabbit origin. Infection 

resulted in colonization of the nasal and tracheal epithelium and 

lungs accompanied by catarrhal rhinitis, tracheite'c’s, and

Plummer (1949) who tried to reproduce the disease By intranasal
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bronchopneumonia regardless of the origin of the microorganism. 

However, turbinate atrophy, which became detectable 7 days after 

infection, only occurred in the group inoculated w ith B. 

bronchiseptica of pig origin.

Sawata and Kume (1982) intranasally inoculated baby mice with 

Phase I B. bronchiseptica organisms of pig origin. Twenty percent 

of the mice died as the result of pneumonia within 2 weeks of 

inoculation. Atrophy of the nasal turbinates was observed in 40% of 

the mice examined 2 weeks after inoculation and in 80% of the mice 

examined at 3 weeks post-inoculation. When Phase III B.

bronchiseptica cells were used as inoculum, no mice died and 

atrophic changes of the nasal turbinates were absent. Equally, when 

10-day-old or older mice were inoculated with Phase I organisms no 

atrophic lesions were observed.

Goodnow et al (1977) developed an animal model to test B. 

bronchiseptica vaccines. Mice were immunized ip w ith different 

vaccines and ip challenged ip with virulent B. bronchiseptica 15 

days later. The test was considered valid i f  80% of the mice 

vaccinated w ith a known and effective vaccine survived the 

challenge, while 80% or more non vaccinated mice died. A tested 

vaccine was considered satisfactory i f  at least 80% of the 

vaccinated mice survived. When the results obtained in the mouse 

test were compared with those obtained by immunization of pigs 

with the same vaccine, it  was found that vaccines that protected 94 

and 88% of mice prevented AR in 80% and 100% pigs respectively. 

A third polyvalent vaccine containing B.bronchiseptica, P.multocida 

and Pseudomonas spp protected 49% of mice but all vaccinated pigs

developed AR.
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More recently, Smith et al (1982a) have used a similar test to 

examine the immunity induced by two vaccines prepared with B. 

bronchiseptica strains of pig origin and a third one prepared with a 

canine, strain. Mice were injected intramuscularly at an interval of 

two weeks w ith d ifferent dilutions of the vaccines adsorbed to 

aluminium hydroxide. Mice were challenged ip with virulent B. 

bronchiseptica of pig or dog origin two weeks after the second 

vaccination. Non-vaccinated mice died 24 to 48 hours after 

challenge whereas vaccination resulted in graded-response 

protection. Vaccines prepared w ith B. bronchiseptica strains of pig 

origin were 10 to 100 times more immunogenic against challenge 

with pig strains than those prepared with a canine strain.

X Conversely^ when the challenge contained a dog strain, vaccination

with a canine strain was more effective than vaccination with a pig 

strain.

2.2.2 PNEUMONIA IN PIGS

Pneumonia or bronco-pneumonia is usually present among pigs 

suffering from AR. However, there are reports which described B. 

bronchiseptica infection in pigs associated mainly with pneumonia.

L ’Ecuyer et al (1961) described an outbreak w ith nearly 100% 

morbidity. The pigs involved were from 2 to 5 weeks of age. B. 

bronchiseptica was recovered from the lungs of 4 animals subjected 

to post-mortem examination. Similarly, Dunne et al (1961) isolated 

B. bronchiseptica from 3 week old piglets from a herd w ith a history 

of chronic coughing and cachexia. Post-mortem examination

revealed bronchopneumonia as the primary lesion. Goodwin and
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Whittlestone (1964) reported a respiratory disease of piglets in 

which both rhinitis and pneumonia were prominent. There was no 

complete association between the pneumonic lesions and a 

particular infective agent, but B. bronchiseptica was frequently 

recovered from both natural and experimental cases of pneumonia. 

B. bronchiseptica has also been shown to induce bronchopneumonia 

when experimentally inoculated in pigs (Duncan et al, 1966a; Meyer 

and Beamer, 1973).

i

2.2.3 CANINE INFECTIOUS TRACHEOBRONCHITIS (KENNEL COUGH) 

Kennel cough is considered a highly contagious respiratory disease 

which affects dogs of all ages. Severly affected dogs often have a 

dry, harsh, hacking cough, followed by retching and vomiting. The 

syndrome usually lasts fo r 1 to 3 weeks and occasionally 

pneumonia-related deaths occur. The transmission and frequency of 

this disease are highest among dogs kept under close confinement , 

as in breeding and boarding kennels.

*

Kennel cough has long been considered to be a complex disease 

having viral and bacterial components (reviewed by Thompson et al, 

1976; Appel and Bemis, 1978). However, Wright et al (1973) 

reported experimental reproduction of the disease after aerosol 

inoculation of B. bronchiseptica in 12 week old puppies. Since this 

report, other workers have succeeded in experimentally reproducing 

the disease by inoculation of dogs with B. bronchiseptica (Thompson 

et al, 1976; Bemis and Appel, 1977) and this bacterium has been 

associated with naturally occurring outbreaks of the disease (Batey 

and Smits, 1976; Bemis et al 1977a; Shelton et al, 1977).
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The disease has been prevented experimentally by the intranasal 

(Shade and Goodnow, 1979; Bey et al, 1981) or intramuscular 

(McCandlish and Thompson, 1978) vaccination of dogs with B. 

bronchiseptica-prepared vaccines. Furthermore, a B. bronchiseptica 

vaccine reduced the incidence, clinical signs and lesions in a dog 

colony naturally affected by this disease, (Shelton et al, 1977).

2.2.4 INFECTION IN OTHER ANIMALS AND IN MAN

B. bronchseptica has been associated w ith pneumonia in rabbits 

(Watson et al, 1975), guinea pigs (Ganaway et al, 1965), rats (Burek 

et al, 1972), cats (Fisk and Soave, 1973; Snyder et al, 1973) and 

monkeys (Graves, 1968); i t  has also been implicated in respiratory 

diseases of horses (Gallagher, 1965) and turkeys (Hinz et al, 1978).

' B. bronchiseptica infections in man are rare and sporadic (review by 

£iKosh and Tranter, 1979). Two of the latest reports included a fatal 

pneumonia in a malnourished alcoholic (Ghosh and Tranter, 1979) 

and peritonitis associated with continuous ambulatory peritoneal 

dialysis (Byrd et al 1981).

2.3 THE APPLICATION OF MONOCLONAL ANTIBODIES TO

BACTERIOLOGY

The production cf monoclonal antibodies (MAB) was firs t described 

by Ktihler and Milstein (1975). They represent a product of a 

hybridoma cell line which was originated by the fusion of 

lymphocytes and myeloma cells. The information for antibody 

specificity is provided by the lymphocyte, whilst the capacity for 

continuous multiplication is derived from the myeloma cell. The
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final product is represented by a ceil line which can be grown 

indefinitly in v itro  by standard techniques and secretes an antibody 

of a desired specificity.

Fusion of the two cell types is achieved in the presence of 

poly-ethylene-glycol (PEG) or Sendai virus. To ensure that the 

culture is not overgrown by unfused tumor cells the following 

strategy, devised by L ittle fie ld  (1964), is followed: i f  the main

biosynthetic pathway for purines and pyrimidines is blocked by the 

fo lic acid antagonist aminopterin, a cell can s till synthesize DNA 

via the so-called salvage pathways. These pathways depend on the 

enzymes thymidine kinase (TK) and hypoxanthine guanine phosphoryl 

transferase (HGPRT). Thus, if  the cell is provided with thymidine 

and hypoxanthine, DNA synthesis can s till occur provided that the 

enzymes TK and HGPRT are present. I f  one or other enzyme is 

absent DNA synthesis ceases. The cell can, however, be '’rescued'1 

by fusion with another cell which supplies the missing enzyme. Thus 

if  spleen cells (which possess TK and HGPRT, but die in culture) are 

fused w ith myeloma cells lacking TK or HGPRT, only the hybrid 

cells w ill grow in a medium containing hypoxanthine, aminopterin 

and thymidine (HAT medium). Mutant myeloma cells lacking TK or 

HGPRT are produced by the use of toxic drugs. For example, 

thioguanine is incorporated into DNA via HGPRT resulting in cell 

deaths. Only HGPRT-negative cells w ill survive thioguanine 

selection.

When cell fusion has been achieved and hybridomas are producing 

antibodies of the desired specificity the next step is to clone the 

hybridoma line to ensure that the cell line is originated from a



59

single parental cell, thus making a single i.e. monoclonal antibody. 

Cloning is normally achieved by the lim iting dilution technique or by 

growth in soft agar (Goding, 1980). Once a hybridoma has been 

established, the cells can be stored frozen in liquid nitrogen, thus 

securing the availability of the antibody in the future. A MAB can 

be used as maximum growth medium (MGM), which is obtained by 

growing the hybridoma to a point where the majority of the cells are 

dead, or as ascites, which is obtained by propagating the hybridoma 

as an ascitic tumour in the peritoneal cavity of mice.

Two of the main properties of a MAB, namely its secure availability 

and its homogeneity in its antigenic specificity, makes i t  a very 

useful tool w ith wide-spread application in research. In the field of 

bacteriology the potential uses of this technique include the 

preparation of highly specific and homogeneous diagnostic reagents 

for the serological identification of microorganisms, the 

identification and purification of bacterial components relevant for 

either active or passive immunization and a new approach for a 

better understanding of bacterial physiology and pathogenicity. 

Over the past three years reports covering these areas have begun 

to accumulate. With one exception (Hunter et al, 1982), the studies 

reported so fa r have made use of the murine system, i.e. both 

lymphocytes and myeloma cell lines were of murine origin. This 

field is brie fly  reviewed below.

Appicella et al (1981) described a MAB against a common region of 

Neisseria qonorrhoeae LPS which was partia lly shared by the LPS of 

Neisseria meningitidis. Tam et al (1982) described MABs reacting

with protein I of N. qonorrhoeae. These MABs did not react w ith
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protein III of N. qonorrhoeae. Using this antibody in

immunoprecipitafion studies they found that protein I and protein III 

coprecipitate, thus suggesting that both proteins form complexes on 

the outer membrane. Nowinski et al (198?) reported on the 

serological diagnosis of gonococcal and chlamydial infections using 

MABs and immunofluorescence techniques.

Coates et al, (1981) were able to serologically distinguish between 

Mycobacterium tuberculosis and Mycobacterium bovis using MABs. 

Gillis and Buchanan (1982) reported two MABs specific for 

Mycobacterium leprae. Similarly Ivanyi et al (1983) produced 12 

MABs to M. leprae. Eight of these antibodies reacted strongly with 

M. leprae, but poorly or not at all with 20 other species of 

mycobacteria.- Four antibodies detected the same antigenic 

determinant on a 12,000 molecular weight, subtilisin sensitive, M. 

leprae specific antigen. The authors pointed out that some of these 

M. leprae-specific antibodies could be applied diagnostically for the 

detection of bacilli in skin lesions or for screening human sera in 

endemic areas using serological competition tests.

Gustafsson et al (1982) described a MAB against the core region of 

Vibrio cholerae LPS. A ll V. cholerea strains tested, regardless of 

serotype, reacted with this MAB. Remmers et al (1982) produced 

MABs to subunits A and B of cholera toxin. Similarly Lindholm et al 

(1983) produced MABs to cholera toxin subunits A and B which 

cross-reacted with the heat-labile enterotoxin of E. co li. The 

authors suggested the possibility of developing immunodiagnostic 

methods allowing species-specific enterotoxin detection in stools of 

patients with diarrhoe<*l disease. sN
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Nahm et al (1980) produced a MAB to streptococcal group A 

carbohydrate which was evaluated in a diagnostic test for 

identification of beta-hemolytic $treptncocci- The MAB was 

compared w ith commercial reagents using immunofluorescence and 

Lancefield precipitation tests. Both monoclonal and commercial 

antibodies were identically reactive by the precipitation test, but 

the la tte r gave both false-positive and false-negative results. 

These results suggested that monoclonal antibodies may be superior 

to conventional antisera as diagnostic reagents.

Harris et al (1982) developed hybridomas which secrete MABs 

against each of the major polysaccharide determinants of the 

serotypes of group B Streptococci. I t  was shown that these MABs 

protect mice against a lethal infection with group B Streptococcus. 

MABs to phosphocoline have been shown to protect mice against 

infection with Streptococcus pneumoniae (Briles et al, 1981 a and b).

Robertson et al (1982a) produced MABs to d ifferent Haemophilus 

influenzae type b outer membrane proteins. One of these MABs 

prevented bacteriemia in infant rats infected with H. influenzae 

type b (Hansen et al, 1982). G ig lio tti an</l>vselIntroduced an IgM 

MAB against the capsular polysaccharide of this microorganism. 

They observed that the MAB was bactericidal in v itro  and also 

prevented bacteriemia in rats infected with H. influenzae type b. 

Similar results were obtained by Hunter et al (1982) who produced a 

human monoclonal antibody to H,influenzae type b capsular 

polysaccharide. The lymphocytes, obtained from the spleen of a 

patient who had to undergo splenectomy, were fused with a human B 

cell line. The IgG MAB was active in an in vitro
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neutrophil-mediated bactericidal assay and provided significant 

protection in an animal model of H. influenza type b infections. 

This report constituted the firs t evidence for the in vivo protective 

efficacy of human monoclonal antibodies against a pathogenic 

microorganism.

Monoclonal antibodies to E. coli capsular polysaccharide were shown 

to protect neonatal rats against bacteriernia after oral infection and 

mice against ip infection w ith E. coli (Sbderstrbm et al, 1983). 

Gabay and Schwartz (1982) described MABs against the Lam B 

protein of E. co li. Some of these MABs inhibited the incorporation 

of maltose by E. coli and the adsorption to this microorganism of 

phages A  and K10. Shen et al (1980) produced MABs directed 

against 30 S ribosomal proteins of E. coli. The authors emphasized 

that since MABs formed ribosomal dimers visualizable in the 

electron microscope, these antibodies seem to be a useful tool in the 

analysis of ribosome structure.

MABs were used to localize a population of fimbriae which mediate 

the lactose-inhibitable adherence of Actinomyces viscosus to 

Streptococci (Cisar et al, 1981).
r
0

MABs were raised against the activated cT-endotoxin of Bacillus 

thurinqiensis var thuringiensis. Competitive antibody binding assay 

showed that four distinct antigenic determinants were recognised. 

Two of the epitopes were unrelated, whereas 3 MABs competed for 

binding to their antigenic determinants. In a bioassay one of the 

MABs was found to block the toxin completely (Huber-Lukac, et al, 

1983).



MABs have also been produced against Pseudomona aeruginosa

(Hancock et al, 1982) and Treponema pallidum (Robertson et al, 

1982b).

With regard to the genus Bordetella, Frank and Parker (1982) 

reported in an abstract on twelve MABs to B. pertussis whole cell 

lysates. Three of these MABs, reacting with triton-insoluble 

envelope proteins of B. pertussis, reacted w ith lysates of B. 

bronchiseptioa. One MAB reacted w ith crude pertussigen but not 

w ith lysates of B. bronchiseptica, and seven MABs reacted only 

with B. pertussis lysates.

AIMS OF THE STUDY

The experiments reported in this study were aimed at:

1. Raising MABs against an extract of B.bronchiseptica 

containing cell-surface-antigens.

2. Characterization of such MABs in terms of protection against 

B.bronchiseptica infection in murine models.

3. Identification and purification of B.bronchiseptica components 

thought to be relevant in inducing a protective immune 

response.

4. Testing of purified B.bronchiseptica components for use as 

vaccines against B.bronchiseptica infection in experimental 

murine models.
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3. MATERIAL AND METHODS
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3.1 PRODUCTION OF MONOCLONAL ANTIBODIES

(For details of plastic ware, media and accesory techniques see 

Appendix A).

3.1.1. FUSION

Myeloma cells;

P3-N SI/l-Ag4-l(N S-l) cells from a low density culture in 

RPMI/10%FCS (RMPI/FCS) medium (10^ cells/ml) were washed two 

times by centrifugation at 200g for 5 minutes in 50ml of Hanks/lM 

N-2 Hydroxyethylpiperazine-N'-2-ethanesulphonic acid (Hepes). The 

pellet was resuspended in 10ml of Hanks/Hepes and the cells 

counted.

Spleen cells:

Donor mice were killed by cervical dislocation, soaked in 70% 

ethanol and spleens removed. The spleen was placed on a coarse 

sieve (Endecotts, Ltd) in a Petri dish, disrupted and the cells 

pushed through using the plunger from a 10ml plastic syringe. The 

coarse sieve was rinsed several times with Hanks/Hepes. The spleen 

cells were filtered through a fine sieve (Endecotts Ltd) into a plastic 

50ml tube, topped up w ith Hanks/Hepes and centrifugafat 200g for 5 

minutes. Spleen cells were resuspended in 10ml of Hanks/Hepes 

medium.

Fusion

8 7The spleen cell suspension (1x10 cells) was mixed with 1x10 NS-1 

cells in a 50ml plastic tube to give a spleen cell/NS-1 ra tio  of 10:1. 

The volume was made up to 50ml of Hanks/Hepes and the mixture
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centrifuged at 200g for 5 minutes. The supernatant was poured o ff 

and the pellet tapped. Two ml of poly-ethylene-glycol (PEG) (see 

Appendix A) were added and the suspension was mixed by drawing up 

and. down w ith a 5ml pipette keeping this step s tric tly  to 60 seconds. 

Ten ml of Hanks/Hepes medium were slowly added over a period of 

60 seconds^mixing the suspension. Twenty ml of Hanks/Hepes were 

further added, the tube was capped and turned up and down two or 

three times. The mixture was centrifuged at 200g fo r 5 minutes, 

resuspended 'in 5ml of HAT/RPMI/FCS and dispensed dropwise (1 

drop/well) into Costar plate wells containing 2ml of HAT/RPMI/FCS 

each. The plates were incubated at 37°C/5% CO^. The plates were 

examined every 2 or 3 days, in itia lly  to check s te rility  and 

subsequently to detect colony growth. When cell colonies appeared, 

sample of medium was taken and tested for antibody activ ity . From 

the wells which showa/antibody activ ity  colonies were picked up 

individually and transfered to m icrotitre  plate wells containing 

100pl of HT/RPMI/FCS medium. A fte r 2 to 4 days of incubation, 

wells showing cell growth were tested for antibody activ ity  and the 

cells from the positive ones were transfered to Costar plate wells 

containing 0.3ml of HT/RPMI/FCS. The amount of medium was 

increased to 2ml after 1 or 2 days of incubation. The wells showing 

cell growth were tested again fo r antibody activ ity  and positive 

colonies were expanded in Linbro plate wells containing 5ml of 

HT/RPMI/FCS. A fte r testing fo r antibody activ ity  the positive 

culture were:

a) Cloned by lim iting dilution.

b) Frozen in liquid N2 (see Appendix A)
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c) A proportion of the cells were maintained in culture in Linbro 

plates.

3.1.2. CLONING BY LIMITING DILUTION

The cell line to be cloned was diluted in 15ml of RPMI/F.CS in a 20 

ml bottle at a concentration of 500 cells per ml. Five three-fold 

dilutions were carried out into a final volume of 10ml of RPMI/FCS 

each. Cells from each dilution were distributed into 48 m icrotite r 

plate wells at a concentration of 200|il/well so that the final cell 

input per well for each dilution was: 100, 33.3, 11.1, 3.7, 1.2 and 0.4.

According to the Poisson distribution (Lefkovits and Waldman, 1979) 

the lim iting dilution of a cell line was achieved when 37% of wells 

(i.e. 18/48 wells) were negative for cell growth. This may

correspond to the low-seed (high cloning efficency) or to the high- 

seed (low cloning efficency). When all growth-positive wells were 

antibody positive, cloning was accomplished. I f  only a proportion of 

growth positive wells were antibody positive re-cloning was 

required. In the la tte r case an antibody positive well was chosen 

and expanded in Costar and Linbro plates and the cloning procedure 

described was repeated until cloning was accomplished.

I f  growth at a lim iting dilution was not achieved, the cloning 

procedure was repeated in the presence of feeder cells. In this case 

diiutions of the cell line were made in RPMI/FCS containing 10^ 

mouse spleen cells per ml.
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Once cloning was accomplished, 3 to 6 clones were expanded in 

Costar and Linbro plates in RPMI/FCS. On the basis of optimal 

growth and antibody t itre  one clone was chosen for:

a) Growth in mass culture to produce MGM.

b) Growth at low density to freeze in liquid N2

c) Production of ascites.

3.1.3 PRODUCTION OF MAXIMUM GROWTH MEDIUM (MGM)

The hybridorha was grown in 230ml flasks in RPMI/FCS up to a point 

where a high proportion of the cells were dead. The cultures were 

centrifuged at 200g for five minutes and the supernatant was kept 

as MGM.

3.1.4 PRODUCTION OF ASCITES

Hybridomas were expanded as tumours by injecting them into Balb/c 

mice and subsequently collecting the ascites produced. For each 

batch of ascites produced 23 to 50 mice were used. Between 7 to 14 

days before injecting the cells mice were injected ip w ith 0.5ml of 

Pristane (2,6,10,14-tetramethylpentodecane). One day before 

injection of the cells mice were injected ip w ith 2.5mg of 

cyclophosphamide per gr of body weight. Hybridoma cells were ip 

injected at a concentration of 2x10^ cells per mouse. Mice were 

observed daily and ascites was collected usually between 10 to 35 

days after cell injection. To collect ascites mice were killed by 

cervical dislocation and the peritoneal cavity was drained out. 

Ascites were pooled and centrifuged at 750g for 15 minutes to 

remove Pristane which remained at the top of the centrifugation

container.
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3.1.5 PREPARATION OF GLOBULIN

To one volume of ascites 2 volumes of 27% Na2S04 in distilled water 

were slowly added on a magnetic s tirre r at RT. The mixture was 

incubated at 37°C fo r 2 to 4 hours, centrifuged at 2000g fo r 15 

minutes and the precipitate re-dhtelved in a volume of PBS equal to 

that of the original starting volume of ascites. The globulin was 

extensively dialiseal against PBS at 4°C. To calculate the Ig 

concentration optical density at 280mm was multiplied by extinction 

coefficient 0'.77.

3.1.6 MONOCLONAL ANTIBODY ISOTYPE DETERMINATION

Isotypes were determined using Ouchterlony immunodiffusion 

technique. A 1% noble agar (Difco) suspension in saline was melted 

in a boiling water bath. Ten ml of agar was poured onto 84mm x 

84mm glass' slides. Once the agar was set, a set of wells was 

punched using a gel cutter, usually a central well and six peripheral 

wells. The central well was filled  w ith MAB maximum grow medium 

either neat or concentrated 5 or 10 times on a minicon B15 

concentrator (Amicon, USA). The peripheral wells are filled  with 

rabbit-anti-mouse Ig class and subclass antiserum (Miles 

Laboratories, USA). The slide was placed in a humid chamber and 

incubated for 24 to 48 hours at RT. The result was obtained by 

observing the precipitation lines formed between the central and the 

peripheral wells.
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3.2 BACTERIAL PREPARATIONS

3.2.1 CELL-SURFACE-ANTIGENS (C5A) FROM B. BRQNCHISEPTICA 

The method to prepare CSA was a modification of a method 

described by 0rskov et al (1977) to obtain K-antigen from E. coli. 

B. bronchisepcica, strain LBF was grown in fermenter culture and 

exponential phase cells were harvested by centrifugation, 

resuspended in PBS to a density of 45-50 mg dry weight per ml and 

heated at 60°C in a water bath fo r 30 minutes. The suspension was 

then cooled and centrifuged for 30 minutes at 10,000g to sediment 

the bacteria. The supernatant was centrifuged at 50,000g for 2 

hours. This second supernatant was cooled and precipitated by the 

additon of 67% cold absolute ethanol. The precipitate was dissolved 

in cold distilled water and centrifuged for 2 hours at 100,000g to 

remove any particulate matter and insolubles. The supernatant 

(CSA) was then freeze-dried.

3.2.2 B. BRQNCHISEPTICA, B. PERTUSSIS AND B. PARAPERTUSSIS 

EXTRACTS

The method followed to prepare these extracts is under patent 

consideration and no details can be disclosed.

3.2.3 PASTEURELLA MULTQCIDA (SEROTYPES A AND D) AND 

PASTEURELLA HAEMQLYTICA (SERTYPE A) SONICATES 

Bacteria was grown on nutrient agar plus 5% sheep blood. A fte r 

overnight incubation at 37°C plates were washed with PBS. Seven 

ml of bacterial suspension were mixed with enough Ballotini glass 

beads (No.12) to form a slurry. Cells were disintegrated using a
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rotary disintegrater (Novotny, 1964) at 4,000 rpm for 2 minutes in 

an ice bath. The slurry was centrifuged in the following way:

1. A t 200g for 5 minutes and the sediment discarded.

2. A t 12,000g for 30 minutes and the sediment discarded.

3. A t 50,000g for 2 hours and the supernatant discarded.

3.2.4 STREPTOCOCCUS SUI5 SONICATE

S. suis was grown in Todd-Hewitt medium. The procedure followed 

was the same as described in section 3.2.3 with the exception that 

the slurry was only centrifuged at 200g for 3 minutes followed by 30 

minutes at 12,Q00g.

3.2.5 E. CQLI PRESSATE

E. coli strain K12 organisms were passed through a bacterial press 

("X-press", LKB, Sweden) and the supernatant centrifuged at 

100,000g for 1 hour.

3.3 SOLID-PHASE RADIO IMMUNQ-ASSAYS (RIA)

A ll the assays described in this section were performed on flexible 

polyvinyl m icrotitre  plates (Dynatech Laboratories, Cat. No. 1-220- 

24). Plates were coated w ith either CSA (1 pg in 100 pi of PBS per 

well), E.coli pressate (25 pg in 50 pi of PBS per well) or 68 Kd 

antigen (.5 pg in 50 pi of PBS per well). Plates were incubated 

overnight at RT, washed 3 times in PBS and the remaining binding 

sites blocked with PBS/3% BSA (PBS/BSA).
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3.3.1 RIA FOR ANTIBODY SCREENING OF TISSUE CULTURE

SUPERNATANTS AGAINST B. BRONCHISEPTICA (CSA) AND E.

COLI

a) Duplicate samples of tissue culture supernatants (50pl each) 

were incubated fo r 1 hour at 4°C. Two wells were incubated 

w ith 50}il of RPMI/FCS medium to serve as negative controls 

and 2 wells w ith 50pi of murine anti-CSA-antiserum diluted 

1:300 in PBS/BSA to serve as positive control (this antiserum 

designated P-I cross-reacted w ith E. coli pressate and 1:300 

was the highest dilution giving maximum binding).

b) Supernatants were discarded and plates washed 3 times in PBS

c) "^ I- ra b b it  anti mouse Ig (RAM) diluted in PBS/BSA to give

50,000 cpm in 50|il per well was incubated overnight at 4°C.

d) Radioactive supernatants were discarded and plates washed 3 

times in PBS. Plates were sealed and wells individually 

counted on a gamma counter (LKB, Wallac, 1260 M ulti

gamma).

Interpretation

Results were expressed as percentage of specific binding (% SB)

calculated using the following formula:

% SB = Test cpm - negative control cpm x 100 

Positive control cpm - Negative control cpm 

(Values were average of duplicate wells).

A culture was considered positive for antibody activ ity  when its

%SB was 10 or higher.
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3.3.2 TITRATION OF MICE SERA AND CALCULATION OF ABT 50 

VALUES

This assay was used to titra te  mice sera against CSA and 68kd 

antigen. The method was the same as described in section 3.3.1 

with the exception that in the firs t step of the assay different 

dilutions of the sera in PBS/BSA were incubated. A normal mouse 

serum, diluted in the same way as the tested sera, served as 

negative control and P-I diluted 1:300 was used as positive control.

i

Calculation of ABT 30 values

The cpm of each dilution was converted into % SB using the 

following formula:

% SB = Test cpm - negative control cpm x 100 

Positive control cpm - negative control cpm

Values were average of duplicate wells. For the negative control 

value, cpm of the corresponding dilution of normal mouse serum 

were considered. ABT 30 value was the dilution at which 30% of 

specific binding was obtained. This value was calculated graphically 

by plotting %SB against dilution.

3.3.3 * COMPETITION RIA BETWEEN MONOCLONAL ANTIBODIES

This assay was designed to determine whether 2 MABs (BB05 and 

BB07) reacted with the same or different epitope of the 68kd 

antigen.

a) F ifty  [il duplicate dilutions of both MABs (MGM) in PBS/BSA

were incubated overnight at 4°C in a 68kd antigen coated

plate.
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b) Without removing the supernatants, I-MAB-globulin 

fraction (either BB05 or BB07) diluted in PBS/BSA to give

10.000 - 30,000 cpm per 50pl per well was incubated overnight 

at 4°C.

c) The plates were washed 3 times in PBS, sealed and individual 

wells counted in a gamma counter.

3.3.4 TITRATION OF IMMUNOGLOBULIN SUBCLASSE5 IN MICE SERA

This assay wbs used to titra te  Ig subclasses against CSA and 68kd 

antigen in mice sera.

a) F ifty  pi duplicate dilutions of sera in PBS/BSA were incubated 

in either a CSA or 68kd antigen coated plate for 2 hours at 

4°C. A normal mouse serum diluted in the same way as the 

tested sera served as negative control.

b) Plates were washed 3 times in PBS.

c) Rabbit anti-mouse-Ig subclasses antisera (Miles Laboratories,

Inc.) diluted 1:100 in PBS/BSA were incubated at 4°C for 1

hour.

125d) I-Goat anti-rabb it antiserum diluted in PBS/BSA to give

50.000 cpm in 50pl per well was incubated overnight at 4°C.

e) Plates were washed 3 times in PBS sealed and individual wells 

counted on a gamma counter.

Calculations of ABT 50 values

Calculations were done in the same way as described in section 3.3.2 

with the exception that the positive control for each Ig subclass was 

the highest binding (cpm) obtained amongst the tested sera.

125
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3.4 ENZYME-LABELLED-IMMUNO ASSAYS (ELISA) j ;

E.I.A. m icrotitration plates (Flow Laboratories, Cat. No. 76-381-04) f"- 

were coated w ith 1 pg of CSA per 200 pi of carbonate-bicarbonate 

buffer pH 9.6 per well (lOpg of CSA per ml of buffer). Two wells in 

each plate were coated with 0.05 mg/ml of NH4S04-precipitated 

mouse Ig (The reaction in these two wells was taken as positive 

control). Plates were incubated for 3 hours at 37°C followed by 

overnight incubation at 4°C. Next day plates were washed 3 times,

3 minutes intervals, in PBS + .1% Tween 20 (PBS-Tween).

3.4.1 ELISA FOR ANTIBODY SCREENING OF TISSUE CULTURE 

SUPERNATANTS AGAINST B. BRONCHISEPTICA (CSA).

(a) Samples of 100 pi of tissue culture supernatant were incubated

in duplicate: for 30 minutes at 37°C. Two wells were

incubated with RPMI/FCS medium (These wells served as 

negative controls).

(b) Plates were washed 3 times, 3 minute intervals in PBS-Tween.

(c) 100 pi of peroxidase-conjugated-rabbit anti-mouse Ig (Miles

Yeda) diluted 1:300 in PBS - 1% BSA - .1% Tween

(PBS-BSA-Tween) were added to each well. Plates were 

incubated at 37°C.for 30 minutes.

(d) Plates were washed as in (b).

(e) Peroxidase substrate was prepared in the following way:

0.1 ml of an O-Phenylenediamine solution (10.8 mg per ml of 

methanol) were mixed with 9.9 ml of .85% saline. Immediately o j- 

before the substrate was used 10 pi of 3% ^ 2 ^ 2  were added. 

Each well was incubated with 100 pi of substrate for 1 hour at
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37°C. The reaction was stopped by adding to each well 50pl 

of 4N H2S04.

The OD of the reaction was read at 490nm on a T itertek
t_s

M ultisKan Me (Flow Laboratories) c  ̂ 'r  -
,____________  1 ’ f

Interpretation:

Results are expressed as %SB which is calculated using the following 

formula:

%SB =Test QD - Negative control QD x 100

Positive control OD - Negative control OD 

(Values are averages of duplicate wells)

A culture was considered positive for antibody activ ity  when its 

%SB was 10 or higher.

3.4.2 ELISA TITRATION OF MICE SERA AND CALCULATION OF ABT50 

VALUES

This assay was performed as described in section 3.4.1 with the 

exception that in the firs t step dilutions of the tested sera and 

normal mouse serum were incubated.

Calculation of the ABT 30 values

ABT50 values were calculated as described in sections 3.3.2 

substituting cpm values for OD values.
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3.5 SDS-POLYACRYLAMIPE ELECTROPHORESIS (SDS-PAGE)

The system used during this study consisted of slab gels on a 

discontinuous buffer system. The buffer in the separating gel (IM 

tris-HCl pH 8.8) was different from that in the electrophoresis 

apparatus (0.025M tris  base, 0.192 M glycine, 0.1% SDS, pH 8.3). A 

12% polyacrylamide separating gel in combination w ith 4.5% 

stacking gel was used in all the analyses (Full details of preparation C ~ ^  

of the gels and samples as well as comassie blue staining are 

provided in Appendix C).

Samples usually containing from 5 to 50 jig of protein were boiled 

fo r 5 minutes in the presence of SDS and dithiothreitol (DTT). Gels 

were run at 15 mA until samples entered the stacking gel. 

Subsequently the current was increased to 30 to 35 mA for 3 to 4

hours. A fte r the electrophoretic run gels were either stained with
/

comassie blue or electroblotf«eL(see section 3.6). |

3.6 IMMUNQELECTRQBLOT TECHNIQUE

This technique consisted of electrophoretic transfer of protein bands

from an SDS-poly-acrylamide gel onto a sheet of nitrocellulose

paper. The paper was then incubated w ith MAB or polyclonal

antiserum and the reaction antigen-antibody developed by addition 

125of I-RAM followed by auto-radiography.

3.6.1 ELECTROPHORETIC TRANSFER

The electrophoretic transfer equipment consisted of two electrodes 

made of stainless steel wire mesh (15.5 x 15.5 cm), two perforated 

plastic blocks (14.5 x 9x2 cm) and a 4 I t  chromatography tank 

(T.L.C. chromatank, Shandon).
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A sheet of nitrocellulose paper (Membranefilter BA83, PG 0.2 }im, 

Schleicher and Schiill) and 10 sheets of filte r paper, (Whatman, 3 

MM) the same size as the gel, were soaked fo r a few minutes on 

Tris-glycine buffer pH 8.3 (25 mM Tris, 192 mM glycine containing 

20% volume to volume methanol). Using the two plastic blocks as 

holders a '’sandwich" was constructed in the following order: 5 

sheets of f ilte r  paper, the nitrocellulose sheet, the gel and 5 sheets 

of f ilte r  paper. With the nitrocellulose paper facing towards the 

anode, the "sandwich" was placed between the two electrodes, held 

in position w ith rubber bands and immersed in the chromatography 

tank filled w ith Tris-glycine buffer. The electrodes were connected 

to a power pack (LKB, 2197) and the electrophoretic transfer was 

run at 150mA overnight at RT.

3.6.2 REACTION WITH ANTIBODY

A fte r dismantling the elctrophoretic transfer set up, the

nitrocellulose sheet was treated in the following way (all steps were 

carried out at RT on a rotating table).

(a) Soaked in PBS/3% BSA (PBS/BSA) for 30 minutes to saturate 

the protein binding sites on the paper.

(b) Incubated with MAB-MGM diluted 1:10 or mouse polyclonal 

antiserum 1:100 in 50 ml of PBS/BSA for 2 hours.

(c) Washed in PBS 3 times, 10 minutes each u iasK .

(d) Incubated with ^ ^ I-R A M , 10^ cpm in 50 ml of PBS/BSA.

(e) Washed as in (c).
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3.6.3 AUTORADIOGRAPHY

The nitrocellulose sheet was wrapped in c ling-film  and put into 

contact w ith an X-ray film  (Kodak, X-OMAT, RP 18x24 cm) in a 

X-ray cassette (Dupont w ith intensifying screens Cronex, lightening 

plus). The cassette was incubated for 24-72 hours in cardice, before 

the film  was developed.

3.7 CYANOGEN BROMIDE ACTIVATION OF SEPHAROSE CL-4B AND

COUPLING WITH MONOCLONAL ANTIBODY

The following method was adjusted to couple 50mg of MAB (as 

globulin fraction) to 7ml of Sepharose CL-4B (Pharmacia, Fine 

Chemicals). When larger quantities of protein were used the 

volumes were modified accordingly.

1) The sepharose was washed extensively in distilled water using 

a scintered funnel and negative pressure and transfered to a beaker 

containing 5ml of water. The sepharose was kept at 4°C.

2) The MAB in a concentration of 5-10mg of protein per ml was 

dialysed against the coupling buffer (borate-saline 0.1M pH 8.3 i.e. 

boric acid 0.1M, sodium tetraborate 25mM, sodium chloride 74mM) 

for 1 hour at 4°C.

3) A few crystals of CNBr were weighed in a universal container 

and crushed with a fla t bottom glass rod. Immediately before use 

the CNBr was diluted to a concentration of 50mg per ml of water.

4) The sepharose was gently stirred on a magnetic stirrer and the 

pH adjusted to 11.0-11.3 w ith 2MNaOH. Five ml of CNBr solution 

were added maintaining the pH at 11.0-11.5 by adding 2M NaOH 

dropwise for 5 to 10 minutes until the pH remained stable.
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5) The sepharose was immediately washed w ith 50ml of chilled 

distilled water followed by 50ml of chilled coupling buffer in a 

scintered funnel.

6) The slurry was transferreAto a glass universal, 50 mg of MAB

added and then rotated gently overnight at 4°C. \_

7) The sepharose was washed with 10ml of PBS. The washing was 

recovered to calculate unbound protein by measuring OD at 280nm. 

The slurry was then extensively washed in PBS.

8) To block the remaining active groups, the sepharose was 

incubated w ith 1M ethanolamine or 0.2M glycine for 2 hours at RT 

maintaining a pH of 8. The slurry was then washed in PBS and kept 

at 4°C w ith 0.1% sodium azide as preservative.

3.8 INTRAPERITQNEAL INFECTION OF MICE WITH

B.BRQNCHISEPTICA

This model consisted of ip inoculation of mice with a virulent strain

of B.bronchiseptica^  Passively or actively immunized mice were
a

challenged with 1x10 cfu per mice. Groups of control mice were 

inoculated w ith 3 serial dilutions of the challenge suspension. 

M ortality was recorded daily fo r 10 days.

3.8.1 PREPARATION OF THE CHALLENGE SUSPENSION

The strain of B.bronchiseptica used to prepare the challenqe
(2)

suspension was isolated from a pig suffering from AR. Preliminary 

experiments showed that this strain was lethal for mice.

The challenge strain was stored as a "th ick1* suspension in Steiner- 

Scholte medium supplemented w ith 10% glycerol in a liquid nitrogen

The MF-l (OLAC) mice used in all infectioi 
challenge experiments were specific- 
pathogen-free grade 3 according to the 
Laboratory Animals Breeder Association 
(L.A.B.A.)

The B .bronchiseptica strain 
(code No. CN7531) was isolated 
by Dr. G. White from Wellccme 
Research Laboratories, 
Berkhamsted.(1) (2)
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refrigerator. To prepare the challenge suspension, 3 to 4 plates of

Cohen-Wheeler agar containing 5% horse blood were inoculated with

ice crystals scraped from the frozen culture and incubated for 18

hours at 37°C. Bacteria was harvested and re-suspended in PBS and

the suspension adjusted to an OD of 0.5 at 650mm in a Perkin-Elmer

spectrophotometer. This was equivalent to a bacterial
g

concentration of 2 x 10 cfu per ml.

Determination of the number of cfu was performed as described 

below and bll mice were challenged within 90 minutes of the 

preparation of the challenge suspension.

3.8.2 DETERMINATION OF COLONY-FORMING-UNITS IN THE

CHALLENGE SUSPENSION

The challenge dosd (neat) was diluted by 6 ten-fold dilutions, 

followed by a half dilution in PBS. Five 20jjlI  drops of the final 

dilution were plated onto each of two Cohen-Wheeler-5% horse 

blood agar plates. The number of colonies per drop after 24-48 

hours incubation at 37°C was recorded and the average used fo r cfu 

calculation.

3.8.3 CHALLENGE TITRATION

Groups of non-immunized mice were ip injected with 0.5ml of the 

challenge suspension neat or diluted 1:50, 1:100 or 1:200 in PBS. A ll
9

mice infected with the neat suspension (1x10 cfu/mouse) died and 

50% m ortality usually occured in the groups injected either w ith 

1:50 (5x10^ cfu/mouse) or 1:100 (1x10^ cfu/mouse) dilution.
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3.9

3.9.1

AEROSOL INFECTION OF MICE WITH B.BRQNCHISEPTICA 

AEROSOL CHAMBER:

The aerosol chamber consisted of a 30x13x13 cm polyethylene 

mouse box whose lid was replaced w ith a perspex lid made in a 

workshop with the follovot^ 3  specifications: two rectangular O,

chimneys (13 x 10 x 2.8 cm made of 3mm perspex) were cemented at 

both ends of the lid. A t the bottom of each chimney openings 

(8.8x2.3cm) were covered w ith stainless-steel mesh. These openings 

were approximately 2 to 3cm above the bottom of the box when the 

lid was in position. The seal between the box and the lid was made 

of a synthetic foamy-rubber band (5mm thick) and the lid  was held 

in position with four office bulldog clamps. The aerosol in let 

chimney has two connection tubes (See Fig. 1). Tube "a", 2.5cm in 

diameter, lead, to the aerosol generator. Tube "bM, 10mm in 

diameter, was conected via silicon tubing to a f ilte r  (Munktell, 

sterile f ilte r , MS-61, Stora Koppaberg, Sweden). The outlet chimney 

had one tubular connector (10mm) connected to the outlet cleansing 

line. This consistedof a 20 litre  wash bottle containing 1 litre  of c 

diluted disinfectant (Hibiscrub) connected to a sterile f ilte r  (MS-61), 

an air-flow  meter and fina lly  to a vacuum pump.

The aerosol was generated on a nebulizer (De Vilbiss Ultrasonic 

Nebulizer, model 65) operated at maximum output (i.e. No 10) with 

the air-supply disconnected. Between the nebulizer and the aerosol 

chamber a glass stopcock 25m bore enabled to control the entrance 

of the aerosol into the chamber.



Fig. 1. AEROSOL CHAMBER 
(not to scale)
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3.9.2 AEROSOL CHALLENGE

A group of 20 mice was placed on the aerosol chamber lined with 

absorbent tissue. Twenty ml of the B.bronchiseptica challenge
Q

suspensions containing 2 x 10 cfu/m l were pipetted into the 

nebulizer (the challenge suspension was prepared as described in 

section 3.8.1). The nebulizer was switched on w ith the stopcock in 

the open position and f i lte r  "b" closed. An airflow through the 

chamber was achieved using a vacuum pump at a velocity of 20 

litres per minute. A fte r 10 minutes exposure, f i lte r  "b" was opened, 

the nebulizer switched o ff and the stopcock closed. Fresh air was 

then sucked through the chamber for a further 10 minutes. The 

mice were then transferred to another box, the lin in g  tissue 

removed and replaced by one and a new group of mice placed

in  the chamber. For each group of mice the nebulizer was filled  

with 20 ml of fresh bacterial suspension.

One critica l factor influencing a successful challenge was the 

relative humidity which must not exceed 70%. I f  the relative 

humidity was higher (longer exposure or slower air flow) the mice 

were infected irregularly or not infected at all. (There is no 

explanation at the moment for this phenomenon).

Immediately after challenge 1 or 2 mice from the control groups 

were killed and the number of cfu in their lungs determined (See 

section 3.9.3). A fte r 10 minutes aerosol exposure a very consistent 

and reproducible result of 10^ to 10^ cfu of B.bronchiseptica per 

lung was obtained. \ r 5 '
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3.9.3 DETERMINATION OF COLONY-FORMING-UNITS (cfu) OF 

B.BRQNCHISEPTICA IN LUNGS OF MICE

A t different time intervals after aerosol infection mice were killed 

by cervical dislocation and one of the lungs asepticaliy removed. 

The lung was homogenized in a glass homogenizer (UNIFORM - type 

C) in 2ml of PBS. Serial ten-fold dilution (from 10“ ^ to 10” ^) of the 

homogeneate in PBS were carried out and 2 drops of each dilution 

(20pl per drop) plated on Cohen-Wheeler agar plates. A fte r 48 hours 

incubation at 37°C the number of colonies from a dilution where 

colonies could be individually distinguished was counted and the total 

cfu value per lung was calculated.

3.9.4 DETERMINATION OF ATROPHIC RHINITIS

Five weeks after aerosol challenge all surviving mice were killed by 

cervical dislocation. Individual mice were decapitated and the 

mandibular bones removed by inserting a pair of fine-pointed 

scissors into the mouth and cutting through the masseter thus 

exposing the hard palate. The sJoill, w ith the hard palate facing up, 

was placed on a blob of embedding compound (CRYO-M-BED for 

frozen tissue specimens, British Instruments) in the middle of a 

brass block (8 x 4 x 2cm). The block was dipped into a freezing bath 

(ethanol + dry ice) for about 3 minutes. The cutting set up consisted 

of a tungsten carbide circular saw (made from special request by 

Sandvik, Kent, code number SC SAWS MS2351N H13A) fitte d  into a 

dental drill-drive holder. The drill holder was held in a horizontal 

position by two clamps on a laboratory stand. The block with the 

frozen skull was lifte d  slowly against the rotating saw using a
r

a  i

* Titration of B . bronchiseptica in the nasal 
tissue was not performed.
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laboratory-jack. The whole are was covered with a perspex shield 

since occasionally the saw shattered.

The hard palate of the mouse presents very fine ridges (rugae 

palatinae) between the molars. In front of the molars there is a 

prominant ridge easily visible w ith the naked eye. The frozen skull 

was cut in front and behind this ridge thus obtaining 3 adjacent 

sections:

1. The nose end (Snout)

2. One mm thick intermediary slice
n \ c C j}.C

3. The back or skull end ' f

For the purpose of determining AR only the firs t two sections were 

examined either w ith the naked eye or under a disecting microscope. 

Examination was performed twice, immediately after cutting (i.e. 

while the sections were s till frozen) and again after fixation in 10% 

formalin. In a normal mouse the turbinate bones gave a ’’solid" 

appearance with very narrow gaps between the turbinates and the 

nasal septum. In mice with AR these gaps were enlarged and 

cavities, very often asymetrical, developed.
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4. RESULTS
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4.1 PRODUCTION OF MONOCLONAL ANTIBODIES

4.1.1 IMMUNIZATION OF MICE

Immunization with B.bronchiseptica cell-surface - antigens (C5A)

Nine groups of mice, 6 mice each, were immunized w ith CSA. 

Details of the immunization schedule, strain, age and sex of mice as 

well as adjuvants used are presented in table 5. Invariably adjuvant 

was only used with the firs t injection. One injection contained 30pg 

of CSA in 250 pi of PBS. A ll injections were ip.

Mice were bled on days indicated in table 5 and sera prepared. The 

sera from the firs t and second bleeding of group I (table 6) and firs t 

bleeding of group II (table 7) were titra ted  using ELISA. A ll

subsequent sera titrations were carried out using RIA (tables 6,7 and 

8). As indicated in section 4.1.2 R IA  was more sensitive in detecting 

antibody activ ity  in tissue culture than ELISA allthough this 

difference was not apparent when titra ting  mice sera (table 7). 

However for convenience RIA was adopted for the rest of the study.

On the basis of antibody titre  mice were selected as spleen donors for 

fusion purposes. The group and the individual mouse used for the 

eight performed fusions using spleen donors immunized w ith CSA are 

indicated in tables 6, 7 and 8. A ll spleen donors were Balb/c and, 

with the exception of fusion* 4 where the mouse was immunized with 

CSA in Alhydrogel, all mice were immunized w ith CSA in CFA. The 

last challenge of spleen donors was an ip injection containing 30pg of 

CSA in 250 jil of PBS 3 to 4 days before the fusion.
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TABLE 5 Immunization protocol of different groups of mice immunized w ith 
B.bronciseptica cell-surfaciT-antigens (CSA) rv

— r -

GROUP MICE 
STRAIN 
SEX & AGE

DAYS OF 
IMMUNIZATION

ADJUVANT DAYS OF 
BLEEDING

l /A - l Balb/c
9

9 weeks

1,15,28,87 CFA 50,97

I/A -2
t

CBA/T66 1,15,28,87 CFA 50,97

I/B - l Balb/c
9

9 weeks

1,15,28,87 ALHYDROGEL 50,97

I/B-2 CBA/T66
9

17 weeks

1,15,28,87 ALHYDROGEL 50,97

11/A Balb/c

in9 „10 weeks

1,21,35,50,
70.

CFA 28,59

II/B Balb/c
?

10 weeks

1,21,35,50,
70.

IF A 28,59

II/C Balb/ c 
?

10 weeks

1,21,35,50
70.

ALHYDROGEL 28,59

III/A Balb/c
?

10 weeks

1,14 CFA 19

III/B C57BL6J
o*

10 weeks

1,14 CFA 19



90

TABLE 6. Antibody titre  (ABT50) against B.bronchiseptica cell-surface- 

antigens (CSA) in group I of mice immunized w ith CSA

ABT50** ABT50

Group* MOUSE 1st Bleeding* 2nd Bleeding1* Fusion
CODE No ELISA ELISA RIA No

I /A - l 1 2.5 3.1 3.0
I /A - l 2 2.7 NT NT 3
I /A - l 3 • 2.7 NT NT 2
I /A - l 4 3 NT NT 1
I /A - l 5 2.4 3.1 NT -

I /A - l 6 NT NT NT -

I/A -2 1 2.2 2.7 NT
I/A -2 2 <2.0 2.6 2.5 -

I/A -2 3 NT 2.4 NT -

I/A -2 4 NT NT NT -

I/A -2 3 NT * NT NT -

I/A -2 6 NT NT NT -

I/B - l 1 2.0 2.9 2.6
I /B - l 2 2.4 3.1 NT 4
I/B - l 3 <2.0 3.1 NT
I/B - l 4 <2.0 2.3 2.7 -

I /B - l 5 2.1 2.3 2.7 -

I /B - l 6 <2.0 2.9 2.7 -

I/B-2 1 2.2 2.6 2.9
I/B-2 2 <2.0 2.2 2.3 -

I/B-2 3 <2.0 2.0 NT -

I/B-2 4 NT NT NT -

I/B-2 5 <2.0 2.1 NT -

I/B-2 6 <2.0 <2.0 NT -

10

*  see table 5 
NT = No tested. 

**Expressed as log



91

TABLE 7 Antibody titre  (ABT50) against B.bronchiseptica cell-surface- 
antigens (CSA) in group II of mice immunized w ith CSA.

GROUP*
CODE

MOUSE
NO

ABT50**
1st Bleeding* 
ELISA

ABT50
2nd Bleeding* 
RIA

Fusion 
N o '

11/A 1 2.3 4.4
II/A 2 • 2.0 3.7 5
11/A 3 <2.0 2.9 -

II/A 4 <2.0 3.4 -

II/A 3 2.0 3.4 -

II/A 6 2.0 3.9 6

II/B 1 <2.0 3.4
II/B 2 <2.0 3.6 -

II/B 3 <2.0 3.7 -

II/B 4 2.2 3.6 -

II/B 3 <2.0 2.9 -

II/B 6 <2.0 3.5

II/C 1 <2.0 2.9
II/C 2 <2.0 2.6 -

II/C 3 <2.0 3.3 -

II/C 4 2.0 3.2 -

II/C 5 <2.4 3.2 -

II/C 6 2.4 3.1 “

*  see table 5 

**Expressed as log^g*
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TABLE 8 Antibody titre  (ABT50) against B.bronchiseptica cell-surface- 
antigens (CSA) in group III of mice immunized w ith CSA.

GROUP* MOUSE ABT50 (log ,n) 
RIA ±u

F usion
CODE No

«

No

i i i / a 1 <2.0 8
III/A 2 <2.0 -

III/A 3 <2.0 -

III/A 4 <2.0 7
III/A 5 <2.0 -

III/A 6 <2.0 -

III/B 1 <2.0
III/B 2 <2.0 -

III/B 3 <2.0 -

III/B 4 <2.0 -

III/B 5 <2.0 -

III/B 6 <2.0 -

*  see table 5
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Immunization w ith B. bronchiseptica vaccine.

Six, 8 week-old male Balb/c mice were immunized ip with two 0.5ml doses of a 

B.bronchiseptica vaccine diluted 1:10 in PBS at^26 days interval. This vaccine 

contained 2X10 form alin-killed microorganisms and had been adsorbed to 

Alhydrogel (lm g of A1 per ml of vaccine).

Mice were bled at day 61 and the sera titra ted  for antibody against CSA (table 

9). On the basis of antibody titre  mice were selected as spleen donors for 

fusions 9,10,11,12 and 13 (table 9). The donor mouse was boosted ip w ith 0.5 

ml of vaccine 2 to 3 days before the fusion.
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TABLE 9 Antibody titre  (ABT50) against B.bronchiseptica cell-surface- 

antigens (CSA) in sera from mice immunized w ith a B. bronchiseptica 

whole cell vaccine

MOUSE ABT50 Fusion
No (loglO) No

1 3.8 12

2 2.9 •

3 4.1 13

4 4.1 11

5 3.7

4.0

9 i

6 10
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4.1.2 FUSIONS.

Thirteen fusions were performed. For the firs t eight, mice immunized 

w ith CSA were used as spleen donors. A summary, of the results is 

presented in table 10.

In fusion No. 2, 60 of 84 costar plate wells showed cell growth, 

although all were negative for antibody activ ity. ELISA was used to 

screen the tissue culture supernatants. In fusion No. 3 the 

supernatant of costar wells showing cell growth (75 out of 81) was 

tested fo r antibody activ ity  by both ELISA and RIA. Thirty two wells 

were antibody positive, RIA detected 30, whereas ELISA detected 

only 19. In view of this result RIA was used in further fusions as an 

antibody screening assay. From the firs t 8 fusions, 4 MABs,

designated BB01, BB02, BB03 and BB04 were produced. A ll are of the 

IgM class BB02 and BB04 have K light chain. Light chains of BB01 

and BB03 were not determined. The globulin fractions derived from 

ascites of these 4 hybridomas were titra ted against CSA and E. coli 

as a representative of a non-related micro-organism (table 11). 

Binding titres of these 4 MABs were low; moreover all showed cross- 

reactiv ity  with E. coli particularly so in the case of BB01 and BB02 

and therefore were omitted from further studies.

Subsequently mice were immunized w ith a B. bronchiseptica whole 

cell vaccine and supernatants from corresponding fusions were tested 

for antibody activ ity  against both CSA and E. co li. Five fusions were
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TABLE 10: SUMMARY OF FUSIONS

FUSION
No

IMMUNO
GEN

MOUSE
STRAIN

DAYS OF 
IMMUNIZATION 
BEFORE 
FUSION

MAB PRODUCED

1 CSA Balb/c 4,28,42,36 Lost due to 
contamination

2 CSA Baib/c 4,37,51,65 NONE

3 CSA Balb/c 3,52,64,78 NONE

4 CSA Balb/c 4,11,25,59,73,87 BB01,BB02

3 CSA Balb/c 3,20,35,49,71 BB03

6 CSA Balb/c 4,11,18,28,48,63
79,100

BB04

7 CSA Balb/c 3,56,70 NONE

8 CSA Balb/c 3,134,148 NONE

9 B.b
vaccine

Balb/c 3,69,95 BB05

10 B.b
vaccine

Balb/c 3,94,120 Lost due to 
Technical error

11 B.b
vaccine

Balb/c 2,99,125 Lost due to 
Breakdown in 
incubator

12 B.b
vaccine

Balb/c 3,112,138 BB06,BB07 BB08

13 B.b
vaccine

Balb/c 2,42,68 NONE



TABLE 11 T itration of monoclonal antibodies BB01, BB02, BB03 and BB04. (Results are expressed as % specific binding)

BB01 Globulin BB02 Globulin BB03 Globulin BB04 Globulin

Dilutions 

of MAB

CSA ECP* CSA ECP CSA ECP CSA ECP

1/5 12 10 18 12 17 6 13 0

1/25 9 8 16 7 19 9 15 5

1/125 7 7 15 5 18 6 18 5 '

1/625 6 7 13 6 20 3 15 3

1/3125 4 6 10 6 20 2 13 2

1/15625 2 2 5 4 19 0 7 0

*ECP = E. Coli pressate.
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performed with these modifications (table 10). From fusions No 9 

one MAB, BB05, was produced and from fusion No 12 three MABs, 

BB06, BB07 and BB08 were produced. BB05 and BB07 are IgG l/K , 

BB08 is an IgG2b/K and BB06 is an IgG. T itration of these MABs are 

shown in fig  2 and 3. The modifications introduced in the fusion 

strategy allowed to eliminated cross-reactivity w ith E.coli and in the 

case of MABs BB03 and BB07 produced culture media of high 

antibody titre . On the basis of antibody titre  BB05 and BB07 were

chosen for further characterization.
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MGM — Log2 Dilutions

Fig. 2. T itration of monoclonal antibody BB05

( — — ) B.bronchiseptica cell-surface antigens (CSA) 

( ------) E.coli pressate
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MGM — L oq2  Dilutions

Fig. 3 Titration of monoclonal antibodies BB06, BB07 and BB08.

( -----) B,bronchiseptica cell-surface antigens. (CSA)

( -----) E.coli pressate
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4.2. CHARACTERIZATION OF MONOCLONAL ANTIBODIES BB05 and 

BB07.

4.2.1 DETERMINATION OF THE MOCECULAR WEIGHT OF ANTIGENS 

RECOGNIZED BY BB05

The technique used to identify the antigen recognized by BB05 was a

combination of SDS-PAGE and immunoelectroblot (£hg 4). Samples

were run in duplicates on an SDS-polyacrylamide gel, and one set of

samples was stained with comassie blue (fig. 4.) A whilst the other

was electroblofed onto nitrocellulose paper(fig 4.B>),The nitrocellulose

paper was incubated with BB05 MGM and the antigen antibody

125reaction developed using I-RAM followed by autoradiography. 

Each track contained 20|ig of either CSA or B. pertussis extract. 

The samples in tracks 2,4,7 and 8 were heated at 56°C for 5 minutes 

in the presence of SDS and DTT, whereas the samples in tracts 3, 5, 7 

and 9 were heated at 100°C for 5 minutes in the presence of both 

chemicals.

To determine the molecular weights a calibration curve was 

constructed by plotting the m obility of known molecular weight 

markers against the logarithm of their molecular weight. Three «j>/
---------------------- V  ->

molecular weight markers were used:

1. Bovine serum albumin : 68,000 d mw

2. Chymotrypsinogen A : 25,700 d mw

3. RNA ase : 13,700 d mw
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A B
1 2 3 4 5  2 3 4 5

Fig. 4. Separation of CSA and B.pertussis extract by SDS— PAGE and identification of 
the antigen recognized by BB05 by immunoblotting.

A: SDS— PAGE stained with Comassie blue.
B: Immunoelectroblot developed with BB05

1. Molecular weight markers. 2. CSA heated at 56°C. 3. CSA heated at 100°C.
4. B.pertussis extract heated at 56°C. 5. B.pertussis extracted heated at 100°C.
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Mobilities were calculated from results obtained from the gel in  fig  ’/-v

4.A using the following formula :

M obility = distance moved by the protein
x 100

distance moved by Bromphenol blue

The mobilities of the three molecular weight markers are shown in 

table 12 and using those data the calibration curve was constructed 

(fig 3).

To determine the molecular weight of the molecules recognized by 

BB03 the mobility of bands shown in Fig 4.B was calculated. The X- 

ray film  was marked fo r this purpose to match exactly the blotted

polyacrylahoide gel. The m obility of the CSA band was 16% whereas )T ^
' ’ N\

the mobility of bands from the B.pertussis extract were 16% and 31%.

Subsequently the molecular weights were interpolated using the

calibration curve (Fig. 5).

From the results shown in Fig 4 the following interpretation can be 

made:

(i) The major component from the B.bronchiseptica extract- 

recognized by BB03 has a molecular weight of 68,000 d.

(ii) BB05 cross-reacts w ith B.pertussis. Two bands of molecular 

weight of 68,000 d and 40,000 d were detected. This cross- 

reactiv ity is further substantiated with results presented in 

section 4.2.2.

103
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TABLE 12. Mobility of molecular weight markers on SDS-Polyacrylamide gels.

Molecular Distance Relative Molecular

Weight (mm) M obility* weight

Marker %

/”~or—1
cnCl

BSA 11 16 4.8

Chymotrypsinogen 32 48 4.4

RNA ase 48 72 4.1

*Distance moved by Bromphenol blue: 66 mm
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Fig. 5 Calibration curve for ’ the determination of molecular 

weights from bands separated by SDS-polyacrylamide gel 

electrophoresis.



106

4.2.2 CROSS-REACTIVITY OF BB05 WITH OTHER MICROORGANISMS.

The in itia l observation from the preceeding section that BB05

antibody cross-reacts with B.pertussis was followed up here by an

inhibition RIA. This assay was designed to measure the degree of

cross-reactivity between two antigens with respect to a particular

antibody of known specificity. For this purpose dilutions of the

antibody are flo w e d  to react w ith one of the antigens in a test tube,

and subsecjyently, a sample of each dilution was transferre^to a plate/&'\

coated with the second antigen. A fte r further incubation, binding is ,

125measured by adding I-RAM. I f  the two antigens are not 

antigenically related no difference in binding between test and 

control dilutions of the antibody are apparent, whereas i f  cross- 

reactiv ity  exists an inhibition of binding of the test dilutions w ith jr' 

respect to control dilutions is observed. In the assay shown in jf ig . 6- 

dilutions of BB05-MGM were incubated overnight at 4°C with 20pg of 

B.pertussis extract each. F ifty  pi of each dilution were transferfe^in 

duplicate to wells of a CSA-coated plate. The plate was incubated 

for 4 hours at 4°C, washed in PBS and "^ I-R A M  added (34,000 

cpm/well) followed by a further overnight incubation at 4°C. The 

plate was washed in PBS and the radioactivity of individual wells 

counted. The results indicate that B.pertussis inhibited the binding of 

BB05 to CSA when the antibody had been diluted 80 times or more.

The study of the cross-reactivities of BB05 antibody has been further 

analysed using B.parapertussis. The immunoelectrolot pattern of
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Fig. 6. B.pertussis inhibition of BB05 binding to B.bronchiseptica

cell-surface-antigens (CSA) on a RIA.

( •  ) BB05- Maximum growth medium (MGM)

( O ) BB05 MGM + B.pertussis extract.
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B.parapertussis extract revealed strong cross-reactivity w ith BB05 

G£ig. 7). Interestingly, the molecular weight of the B.parapertussis

antigen recognized by BB05 was 70.7Kd/thus slightly higher than the
l—   ̂ ^

homologous antigen from B.bronchiseptica or B.pertussis. j '*')
L c . r -

However no binding of BB05 antibody by the immunoelectroblot 

technique was observed for the following 13 species of bacteria:

E. Coli, Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Brucella

abortus, • Haemophilus______ parainfluenzae, Haemophilus

haemoqlobinurious, Haemophilus aeqypticus, Haemophilus influenzae 

murium, Pasteurella multocida A and D, Pasteurella haemolytica A, 

Streptococcus suis and Staphylococcus spp. The majority of the 

bacteria were tested as whole cell suspensions prepared form freshly 

harvested cultures whilst P. multocida A, and D, P.haemolytica A 

and S.suis were tested as sonicate preparations. B. abortus was a 

formalin killed cell suspension. The concentration of the bacterial 

preparation were adjusted to give an adequate pattern on comassie, 

blue stained polyacrylamide gels (fig.8, 9 and 10). Sonicate 

preparations or whole cell suspensions of B.bronchiseptica were 

preliminary tested by immunoelectroblot to verify that this technique 

was aplicable to this kind of analysis.

2.3 . COMPARATIVE ANALYSIS OF BB03 and BB07 ANTIBODIES:

The pattern of reactiv ity  of BB03 and BB07 against CSA and 

B.pertussis extract was compared using immunoelectroblot technique 

( jig . 11). Samples of extracts from both organisms were run in
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1 2 3

68 Kd
70.7 Kd

40 Kd

Fig. 7. Immunoelectroblot of B.bronchiseptica, B.pertussis and 
B.parapertussis reacted with MAB BB05.

Tracks: 1: 30|jg of B.bronchiseptica extract. 2: 30|jg 
of B.pertussis extract. 3: 30|jg of B.parapertussis extract
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Fig. 8 . Comassie blue stained SDS—polyacrylamide gel of different bacterial 
preparations:

Tracks: 1: Molecular weight markers. 2: CSA. 3: Staphilococcus spp.* 
4: Streptococcus suis*. 5: Haemophilus parainfluenzae. 6: Haemophilus 
haemoglobinurious. 7: Haemophilus aegypticus. 8: Haemophilus 
influenzae murium. 9: Pasteurella multocida D*.

* Sonicate preparations. All other bacterial preparations tested as whole 
cell suspensions.
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Fig. 9 . Comassie blue stained SDS—polyacrylamide gel of different bacterial 
preparations:

Tracks: 1: Molecular weight markers. 2: CSA. 3: E.coli* (strain 9878 
of pig origin). 4: E.coli* (strain K88 of pig origin). 5: E.coli* (strain 
K99 of pig origin). 6: Mycoplasma hyopneumoniae*. 7: Mycoplasma 
hyorhinis*. 8: Brucella abortus** . 9: Streptococcus suis* * * .

* Whole cell suspensions 
* *  Formalin killed suspension 
* * *  Sonicate preparation



1 1 2

1 2 3 4 5 6

Fig. 1 0 . Comassie blue stained SDS—polyacrylamide gel of different bacterial 
preparations:

Tracks: 1: Molecular weight markers. 2: Pasteurella multocida  A.
3: Pasteurella multocida  D. 4: Pasteurella haemo/ytica A. 5: Bordetella 
bronchiseptica. 6: CSA.

All preparations with the exception of CSA are sonicate preparations.



113

1

A
2 3 4

B
1 2 3 4

*

Fig. 11. Immunoelectroblot of CSA and B.pertussis extract developed with either BB05 
or BB07.

Tracks: 1: 10pg of CSA heated at 56°C for 5 minutes. 2: 10pg of CSA heated 
at 100°C for 5 minutes. 3: 10pg of B.pertussis extract heated at 56°C for 5 
minutes. 4: 10pg of B.pertussis extract heated at 100°C for 5 minutes.

All samples were heated in the presence of SDS and DTT and run in duplicates. 
The gel was electroblotted, the nitrocellulose paper cut in two halves and each 
one incubated with either BB05 MGM 1:10 (A) or BB07 MGM 1:10 (B) followed 
by 125| _ r a m  and autoradiography. When the nitrocellulose paper was put 
into contact with the X-ray film care was taken so the two halves matched each 
other.



duplicate by SDS-PAGE and immunoblotted with both antibodies. 

The reaction of BB05 w ith both extracts was stronger than the 

reaction of BB07 and the la tte r did not react w ith the smaller 

molecular weight bands of the B.pertussis extract. Nevertheless i t  is 

clear that both antibodies preferentally reacted with seemingly the 

same 68kd molecule although the possibility that the two MABs 

reacted w ith two different molecules of same molecular weight 

occurring in both extracts could not be ruled out.

i

The la tte r possibility was tested when the 68kd antigen became 

available after purifications by BB05-based a ffin ity  chromatography 

(see details in chapter 4.3). The result presented in fig  12 show BB07 

reacting with the material eluted from the BB05 column of both 

B.bronchiseptica- and B.pertussis, that is the 68kd antigen. The 

filtra te  from the BB05 a ffin ity  column showed no reaction with 

either BB05 or BB07 MABs indicating that the determinants 

recognized by both MABs are expresed by the same 68kd rpolecule.

To investigate wether BB05 and BB07 were reacting w ith the same or 

w ith two distinct epitopes of the 68kd molecule a competition RIA 

was set up. The priniciple of this assay is that having two antibodies 

towards the same epitope, i f  one of the antibodies (unlabelled) is firs t 

allowed to react w ith the epitope i t  w ill prevent the binding of the 

second (radio-labelled) antibody. I f  the two antibodies react w ith 

d ifferent, non-overlapping epitopes, the binding of the second 

radiolabelled antibody w ill be detected regardless of the presence of 

the firs t antibody in the well of the m icrotiter plate. The results of



Fig. 12.

EXTRACT FROM: 

COLUMN MATERIAL:

68 Kd -►

DEVELOPING
ANTIBODY: BB07 BB05

B.b. = B.bronchiseptica 
B.p. = B. pertussis
F = filtrate from BB05 affinity chromatography column 
E = eluate from BB05 affinity chromatogrphy column
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an assay showing the competition of BB05 or BB07 MABs with the 

binding of I-labelled BB05 to 68kd antigen coated plates are shown 

in figure 13. The results of a sim ilar assay using iodinated-BB07 are 

also presented (fig 14). The homologous MGM competed with the 

binding of the corresponding iodinated MAB in a dose response 

fashion as expected. However, cross-competition between BB05 and 

BB07 was not observed, indicating that each of these two MABs 

recognizes a different non-overlapping epitope on the 68kd molecule.
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MGM — logg dilution
Fig. 13. Competition RIA between BB07 maximum-growth-medium 

(MGM) and iodinated BB03 globulin.

A flexible m icrotitre plate was coated with B.bronchiseptica 

a ffin ity  chromatography purified 68Kd antigen. D ilution of

MAB-MGM ( -------BB03, --------BB07) were incubated overnight

at 4°C. Without removing the supernatants iodinated MAB 

(BB05) was added to the wells and a further overnight 

incubation at 4°C allowed. The plate was then washed and

counted.
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MGM — Loq2 Dilutions 
(1/5=1)

Fig. 14. Competition RIA between BB05-maximum-growth medium

(MGM) and iodinated BB07 globulin.

The assay was carried out as in Fig. 13 but in this case the 

unlabelled antibody was BB05.

( -----) BB07 MGM

( ----- ) BB03 MGM.
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4.3 CHARACTERIZATION AND PURIFICATION OF THE 68kd ANTIGEN 

OF B.BRONCHISEPTICA.

4.3.1 LOCALIZATION OF THE 68kd ANTIGEN WITHIN BACTERIA

In the previous chapter i t  was shown that MABs BB05 and BB07 react 

with a 68,000d molecule present in the CSA preparation of 

B.bronchiseptica. This preparation has been shown to contain three 

components: LPS, outer membrane proteins (OMP) and fibres (P. 

Novotny, unpublished data). Of these three components, the second 

seemed the most like ly  to contain the 68kd molecule and the analysis 

presented in this section was aimed to test this assumption.

Novotny and Cownley (1978) described a method to prepare outer- 

membrane vesicles .from B. pertussis. Cells were mechanically 

disintegrated using a rotary disintegrator at 4,000 rpm fo r 120-150 

seconds in the presence of Ballotini glass beads. The resulting slurry 

was centifruged:

1) at 3000g for 20 minutes to remove unbroken cells,

2) at 12000g for 30 minutes to obtain the "cell wall" fraction and

3) at 50,000-100,000 g for 2 or 1 hour respectively to obtain the 

vesicular fraction. When the la tte r fraction was applied to a 

metrizamide density gradient, 70-82% of the total nitrogen content 

of the sample was concentrated in a strong and visible band at a 

bouyant density similar to that of the outer membrane of Salmonella 

typhimurium. Adhesion of disrupted inner membranes to the 

collapsed cell wall facilita ted separation of the outer membrane in a 

relatively pure form w ith contamination restricted to a few pili.
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The same fractionation procedure when applied to B.bronchiseptica 

cells produced similar results (P.Novotny, unpublished data).

In the present analysis B.bronchiseptica outer-membrane vesicles, 

prepared in the way described above, were reacted w ith MAB BB05 

on immunoelectroblot. As shown in fig . 15 this antibody reacted w ith 

a 6 8 component of the outer membrane fraction thus suggesting 

that this antigen is a constituent of the outer membrane of 

B.bronchiseptica.

4.3.2 PURIFICATION OF THE 68tCd ANTIGEN OF B.BRQNCHISEPTICA BY y  . 

BB05 ANTIBODY BASED AFFINITY CHROMATOGRAPHY.

The 68Klantigen was purified from an extract of B.bronchiseptica as / re 

starting material which differed from the CSA preparation used in 

previous assays. The method for the preparation of this extract 

(designated BBE) is under patent consideration and no details can be 

disclosed.

Preliminary experiments suggested that passage of BBE through an ■ 

anionic exchange column (DEAE- Trisacryl LKB) eliminates certain 

molecules which may stick to sepharose a ffin ity  chromatography

columns. Therefore in all subsequent p u n ^ l e x p e r i m e n t s  the
~  ^  k .U ‘ C',

in itia l BBE was firs t passed through a Trisacryl column and the ' 

f iltra te  was subsequently purified by BB05 based a ffin ity  columns. ^

___Q
j
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1 2 3

Fig. 15. immunoelectroblot of an outer membrane 
preparation of B.bronchiseptica reacted 
with MAB BB05.

Tracks: 1: CSA 20pg. 2: B.pertussis
extract 20pg. 3: Outer membrane pre
paration of B.bronchiseptica 20pg.
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Deae-trisacryl pre-fractionation

A glass column, 24 cm long by 2cm in diameter was packed w ith a 

18cm bed volume of DEAE-Trisd<tyi. The column was equilibrated 

with 0.025 MTris - 0.035 M NaCl buffer pH 8.5 (merthiolate 1:10,000 

added as preservative) and connected to a Isco Retriever III fraction 

collector. One hundred and f i f t y  four ml of BBE containing 3.3 

mg/ml of protein (estimated by the Lowry method) were mixed w ith 

an equal volume of equilibrating buffer and pumped slowly into the 

column. The procedure was carried out at 4°C. Five ml fractions of 

the unbound material were collected, making a final volume of 327 

ml, .64 mg/ml of protein. /  ;

A ffin ity  chromatoqrapKypurification. r . C&-
\

A glass column, 50cm long 1.5cm in diameter was packed w ith 18cm 

bed volume of Ssphadex G-25. A circle of glass fibre paper GF/C 

(Watman) was placed on the surface of the Sephadex gel and 

Sepharose GL-4B (LKB) activated w ith CNBr and coupled w ith BB05 

globulin was poured to form a 17cm bed volume on top of the 

Sephadex G-25. The reason fo r using Sephadex underneath the 

sepharose CL-4B was to separate the protein from the NaSCN 

containing eluting buffer to avoid the overlap in OD when collecting 

the fractions. The column was equilibrated w ith 0.2M NH4HC03 

buffer containing 1:10,000 merthiolate and connected to a Isco 

Retriever III fraction collector. The purification procedure was 

carried out at 4°C.



The fraction of the BBE not bound to DEAE-Trisacryl was slowly 

pumped into the a ffin ity  chromatography column and 5ml fractions 

collected. The antigen retained by the column was eluted w ith 5ml 

of 3M NaSCN. The eluted material was free of NaSCN tested by the 

c.olorimetric reaction described by Snell et al (1979) and therefore i t  

was not dialysed. A fte r a small sample was taken for protein 

estimation the eluted material was freeze dried in the presence of 

1% manitol immediately after elution. From the firs t

chromatographic run' 4.73 mg of protein were eluted. The filtra te  of 

this firs t run was applied to the column again and a further 5.4mg of 

proten eluted. The filtra te  of the second run was run once more and 

0.97 mg of protein eluted. A t this point the process was stopped.

The outcome of the purification process was evaluated by SDS-PAGE 

and immunoelectroblot. A Comassie blue stained gel w ith all the 

fractions obtained during the process is presented in figure 16. From 

this result is patent that a considerable degree of purity was achieved 

during the a ffin ity  chromatography purification, particularly in the 

eluates of the firs t and second chromatographic run. An 

immunoelectroblot of the same fractions is presented in fig  17. This 

result confirms the success of the a ffin ity  chromatography process. 

The reason why none of the filtra tes  from the chromatographic runs, 

particularly the firs t and second, show any clear sign of the 68fcd 

antigen although the antigen was s till present may be due to a 

concentration factor. The filtrates were tested as obtained from the 

colurif^ and under these conditions the 68fcci antigen may have been

too diluted to show.
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68 Kd

25.7 Kd

13.7 Kd

1 2 3 4 5 6 7 8 9 10

68 Kd

25.7 Kd

13.7 Kd

Fig. 10. SDS— PAGE of fractions obtained during purification of 68 Kd 
antigen.
Tracks: 1: Molecular weight markers. 2: BBE extract, 25pg.
3: Unbound to DEAE column, 19pg. 4: Filtrate 1st run, 17pg. 
5: Eluate 1st run, 10pg. 6: Filtrate 2nd run, 17pg. 7: Eluate 
2nd run, 10pg. 8: Filtrate 3rd run, 11pg. 9: Eluate 3rd run, 
10pg. 10: Molecular weight markers.
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Fig. 17. Immunoelectroblot of fractions obtained during the purification process of the 
68 Kd antigen of B .bronch isep tica .

Tracks: 1: BBE 10pg. 2: Unbound to DEAE— column 13pg. 3: Filtrate 1st run 
12pg. 4: Eluate 1st run 3pg. 5: Filtrate 2nd run 17pg. 6: Eluate 2nd run 10pg. 
7: Filtrate 3rd run 11pg. 8: Eluate 3rd run 10pg.
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Only the eluate from the firs t and second chomatographic run were 

used in the subsequent experiments requiring the 68fcd antigen. These 

represented 4.8% (10.13 mg) of the tota l amount of protein in the
"■  — i.

f iltra te  of the DEAE-Trisacryl column. ^ 1

4.3.3 SUSCEPTIBILITY OF THE 68&d ANTIGEN TO ENZYMATIC 

TREATMENT. r

In order to establish the Jyemical nature of the 68Kd antigen its 

enzymatic susceptibility was investigated using SDS-PAGE and 

immunoelectroblot. For this purpose 7 samples of the 68 fCd antigen, 

containing 5pg each, were run in a polyacrylamide gel and 

electroblottei* The nitrocellulose paper was cut into 7 strips (each 

containing one sample of 68 Kd antigen) and each one was incubated 

in 10ml of PBS for 45 minutes at RT on a shaking table followed by 

72 hrs at 4°C in the presence of the following enzymes or chemicals:

1 Bacillus subtilis protease 50 pg/ml.

2 Trypsin 50pg/ml.

3 Chemotrypsin 50pg/ml

4 Plasmin 50 |ig/ml

5 Neura-aminidase 46 pg/ml

6 Sodium periodate 1 x 10**^M

7 Control.

A fte r incubation, the strips were washed extensively in PBS followed

by incubation w ith BS05 MGM 1:10. The antigen-antibody reaction was
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developed with I-RAM followed by autoradiography. The result is 

shown in fig  18. The BB05 binding determinant of the 68fCd antigen 

was to ta lly  destroyed by B. subtilis protease and by trypsin whilst only
I

partial destruction is noted w ith plasmin and chemotrypsim. However 

the antigen was resistant to neura-aminidase or sodium periodate 

oxidation. These results indicate that the 68{^d antigen is probably of 

protein nature.

4.4 PASSIVE IMMUNIZATION OF MICE AGAINST B.BRQNCHISEPTICA 

INFECTION.

125

In the present chapter experiments designed to test the e ffect of 

passive immunization w ith either polyvalent antisera or MABs against 

B.bronchiseptica> infection are presented. Two different mice models 

were used. In one. case mice were ip infected with virulent 

B.bronchiseptica whereas in the other a newly developed aerosol 

infection model was used.

4.4.1 PASSIVE IMMUNIZATION AGAINST INTRAPERITQNEAL INFECTION 

OF MICE WITH B.BRONCHISEPTICA.

Pasive immunization w ith polyclonal antisera.

The ip B.bronchiseptica infection of mice consisted of ip injection of 1 ' 

xlO cfu of virulent B. bronchiseptica microorganisms; per mouse. The 

infection resulted in death of mice usually within the firs t 72 hours 

after injection. In each experiment the infective dose was titra ted  by
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Fig. 18. Enzymatic susceptibility of the 68 Kd antigen

The 68 Kd antigen was treated with the following enzymes or chemicals:

Tracks: 1: Control. 2: Plasmin. 3: Trypsin. 4: Chymotrypsin. 5: Neuro-
aminidase. 6: Sodium-periodate. 7: B.subtilis protease.
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9 7 7injecting groups of nonimmunized mice with 1 X 10 , 2 X 10 , 1 X 10
r  . 9

and 5 X 10 cfu per mouse. Usually all mice injected w ith 1 X 10 cfu 

die and 50% m ortality occurs among the groups injected with 2 X 10^ 

or 1 X 10^ cfu. Mice were observed daily for 10 days and m orta lity  

recorded each day.

When the model was used to test passive immunity, the antiserum or 

MAB was injected ip 4 hours before B.bronchiseptica infection. This 

protocol was applied to the analysis of batches of polyclonal antisera. 

Two of them (designated P-I and P-II) were pools of sera from 

different groups of mice immunized with CSA for fusion purposes 

(details of immunizations are given in section 4.1.1). The third 

antiserum was prepared by hyperimrruMzation of one rabbit w ith a 

formalin-killed suspension of B.Bronchiseptica (designated Rab-I). 

Titrations of these antisera against CSA are shown in Fig 19 and 20. 

The ABT50 calculated graphically fo r the three antiserum was: P-I, 

1:1380, P-II 1:630 and the rabbit antiserum 1:1584.

In one experiment P-I and the rabbit antiserum were compared. 

Diltions of P-I 1:10, 1:20 and 1:40 in PBS and rabbit antiserum neat, 

1:5 and 1:25 in PBS were injected ip into groups of 10 female 4 week- 

old MF-l(OLAC) mice. Each mouse received 0.5ml of the 

corresponding dilution. Four hours la ter mice were ip challenged. 

Results are presented in table 13 and fig  21. The murine antiserum 

protected 50% of mice when injected 1:10 (ABT50 1:138) but survival 

was 0% when diluted 1:20 (ABT50 1:69) or 1:40 (ABT50 1:35). The 

rabbit antiserum injected neat (ABT50 1:1584) protected 70% of mice



130

15  r

10

i.
1

P - l
o.

p - l  I 
*

ABT50
(1:1380)

ABT50
(1:630)

*

Log-jo Dilutions

RIA titra tion  of two murine a n ti-B.bronchiseptica cell- 

surface-antigens (CSA) antisera (P-I and P-II).

Fig. 19
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Logio Dilutions

Fig. 20 RIA titra tio n  of a rabbit anti-formalin killed 

B.bronchiseptica antiserum.
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TABLE 13 Number of surviving mice immunized with polyclonal murine and rabbit anti B. bronchiseptica antiserum followed
by ip infection w ith B. bronchiseptica.

B.bronchiseptica Antiserum No of survivors at days after infection
Infection (0.3 ml per mouse) No of
(cfu per mouse)
-----n

Code Dilution Mice 1 2 3 4 5 6 7 8 9 10

1 XHT P-I 1:10 10 10 5 5 5 5 5 5 5 5 5

1 X 109 P-I 1:20 9 9 2 0

1 X 109 P-I 1:40 10 8 2 0

1 X 109 Rab-I 1:1 10 10 9 9 9 9 9 9 9 9 7

1 X 109 Rab-I 1:5 10 10 10 10 10 10 10 10 10- 10 9

1 X 109 Rab-I 1:25 10 10 10 7 6 6 6 6 6 6 6

1 X 109 - - 10 5 2 0

2 X 107 - - 10 10 10 6 4 4 4 4 4 4 4

107 - - 10 10 10 10 8 7 7 7 7 7 7

5 X 106 * _ 10 10 10 10 10 10 10 10 10 10 10

P-I = murine anti C5A antiserum

Rab-I = Rabbit anti formalin killed B. bronchiseptica cells.



133

B. bronchiseptica 

infection 
(cfu per mouse)

Antiserum 
(0.5ml per mouse) Percent of Survival

20 40 60 80 10
y i i « iCode Dilution

1X109 P-1 1:10

1X109 P - l 1:20

1X109 P -l 1:40

1X109 Rab—1 1:1 yyyyyyyyyyyyyyyyyyz

1X109 Rab—1 1:5

1X109 Rab—1 1:25

1X109 — —

2X10? — — yyyyk
1X10? — —

5X106 — _

P— I = Murine anti CSA antiserum 

Rab—l = Rabbit anti formalin killed B. b'ronchiseptica cells

FIG. 2*1 Percentage of survival in mice immunized with polyclonal murine and rabbit anti B. bronchiseptica 
antiserum followed by ip infection with B. bronchiseptica.
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and when injected 1:3 (ABT50 1:316) or 1:25 (ABT50 1:63) survival was 

90 and 60% respectively. These results suggested that the rabbit 

antiserum was more potent than the murine antiserum since 

comparable ABT50 protected 60% and none of mice respectively. 

Apparently immunization with whole cells resulted in the production 

of antibodies with higher protective activ ity  than those elicited by 

immunization with the C5A preparation. A lternatively rabbit 

antibodies may be more protective than murine antibodies. A third 

possibility may be that not all protective antibodies are detected in 

the employed RIA test which uses CSA as antigen. Hence the obtained 

antibody titre  from this assay could be an underestimate of the true 

protective potency of the tested antiserum.

The other murine anti CSA antiserum (P-II) was tested in a sim ilar 

experiment. Two dilutions (1:10 and 1:100) of antiserum were injected 

ip into groups of 10 MF-l(OLAC) 4 week old male and female mice. 

Animals were challenged with three different doses of 

B.bronchiseptica organisms. The obtained results are presented in 

table 14 and fig . 22. The antiserum diluted 1:10 protected 20% (2 out 

of 10) mice infected with 1 X 10 cfu but i t  failed to protect any mice 

when i t  was diluted 1:100. When the infective dose was 2 X 10^ cfu 

survival was 100% and 80% for dilution 1:10 and 1:100 respectively. 

Both dilutions fu lly  protected mice against an infective dose of lO^cfu 

whilst survival in the control, nonimmunized, group was 50%. The 

ABT50 of P-II antiserum (1:630) was about one half of the value for 

antiserum P-I (1:1380) and this diference in antibody t itre  was 

reflected in the observed protective potency of those antisera. Pool
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TABLE 14: Number of surviving mice immunized with polyclonal murine anti CSA antiserum followed by ip infection with
B.bronchiseptica.

B.bronchiseptica Antiserum No of survivors at days after infection
Infection (0.5 ml per mouse) No of
(cfu per mouse) Code Dilution Mice 1 2 3 4 5 6 7 8 9  10

1 X 109 P-II 1:10 10 10 3 2 2 2 2 2 2 2 2

2 X 107 P-II 1:10 10 10 10 10 10 10 10 10 10 10 10

1 X 107 P-II 1:10 10 10 10 10 10 10 10 10 10 10 10

1 X 109 P-II 1:100 10 9 2 1 1 1 1 0

2 X 107 P-II 1:100 10 10 10 10 9 8 8 8 8 - 8 8

1 X 107 P-II 1:100 10 10 10 10 10 10 10 10 10 10 10

1 X 109 - - 10 6 3 1 0

2 X 107 - - 10 10 10 7 3 3 3 3 3 3 3

1 X 107 - - 10 10 - 10 9 8 5 5 5 5 5 5

5 X 106 - - 10 10 10 10 10 10 8 8 8 8 8

P-II = murine anti CSA antiserum



136

P-ll: Murine anti CSA antiserum

FIG.22- Percentage of survival in mice immunized with polyclonal murine anti CSA antiserum followed 
by ip infection with B. Bronchiseptica.
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P-I when diluted 1:10 protected 50% of mice infected w ith 1 X10 cfu 

of B.bronchiseptica whereas P-II at 1:10 dilution protected only 20% of 

mice infected w ith the same bacterial dose.

The results presented in this section suggested that a significant 

degree of protection, in some instances up to 90%, can be conferred 

against intraperitoneal infection of mice with B.bronchiseptica after 

passive injection of anti CSA or anti whole B.bronchiseptica cell 

antibodies. '

Passive immunization with monoclonal antibodies

g

MABs BB05 and BB07 were tested for passive protection against ip 

infection of mice with B. bronchiseptica. For this purpose, the 

globulin fraction (5mg/ml) from ascites was injected neat into groups 

of 16 MF-l(OLAC) 7 week old female mice (0.5 ml per mouse). Mice
9

were ip infected w ith 1 x 10 cfu or B. bronchiseptica 4 hours after 

injection of MABs. The result of this experiment is shown in table 15. 

None of the MABs protected and all immunized mice died within 72 

hours after infection. These results are in contrast w ith those 

obtained by passive immunization w ith polycolonal antisera where for 

example murine anti-CSA antisera of lower ABT 50 (1:630 or 1:1380) 

than either of the two MABs (1.4x10^ for BB05 and 1.4x10^ for BB07) 

protected between 20 to 50% of infected mice. These results 

indicated that an heterogeneous antibody population is needed for the 

protection of mice against ip infection with B. bronchiseptica. 

A lternatively antibodies toward epitopes recognised by BB05 and BB07
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TABLE 15 Number of surviving mice injected w ith MABs BB05 or BB07 followed by ip infection w ith B.bronchiseptica.

B.bronchiseptica
Infection
(cfu per mouse)

MAB*

CODE ABT 50**

No of survivors at days after infection 

mice 1 2 3 4 5 6 7 8 9 10

1 X 109 BB05 7xl04 16 16 2 0

1 x 109 BB07 7xl03 16 14 3. 0

1 x 109 - - 10 10 0

2 x 107 - - 10 10 8 1 0

1 x 107 - - 10 10 10 7 5 5 5 5 5 5 5

5 x 106 _ 10 10 10 10 10 10 10 9 9 9 9

*  MAB were injected as globulin faction (5mg/ml, 0.5 ml per mouse) 4 hours 
before infection.

* *  calculated from fig  25.
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may not be effective in the protective immune mechanisms fo r the 

type of infection resulting from ip challenge. Therefore subsequent 

experiments (section 4.4.2) were directed towards an experimental 

model based on the aerosol route of infection.

4.4.2 PASSIVE IMMUNIZATION AGAINST B. BRQNCHISEPTICA AEROSOL 

INFECTION IN MICE

Passive immunization w ith MAB or polyclonal antisera was studied 

using a newly developed model of aerosol infection w ith B. 

bronchiseptica in mice (P. Novotny, unpublished data). Mice were 

exposed to aerosol generated on a nebulizer w ith a B. bronchiseptica 

suspension containing 2 x 10 cfu per ml. A fte r an exposure fo r 10 

minutes, bacterial counts in the lungs of mice gave a consistent and 

reproducible result of 10^ cfu of B. bronchiseptica per lung. The 

infection in 3-week-old mice resulted in m ortality w ith a peak during 

the second week post challenge. Furthermore AR developed at 3 

weeks after infection. This disease as in the pig is characterized by 

tota l or partial destruction of turbinate bones which become patent 

when examining the murine snouts prepared by the technique described 

in section 3.9.4.

The e ffect of passive immunization against aerosol infection was 

tested by inoculating MAB or polyclonal antiserum ip 4 hours before 

infection and recording the rate of m ortality, the incidence of AR and 

the number of cfu of B. bronchiseptica in the lungs.
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The effect of passive immunization with MAB BB05 was estimated and

compared with the effect of a murine polyclonal anti-CSA antiserum

(P-II). For this purpose groups of 20 MF-l(OLAC) female 3 week old

mice were ip injected w ith 0.5 mi of BB05 globulin (5mg/ml) neat or

diluted 1:10 or P-II 1:10, 4 hours before aerosol infection with B.

bronchiseptica. A group of 20 non-immunized mice served as control.

Two mice per group were killed at different time intervals

post-infection and the number of cfu in their lungs determined. These

results are presented in fig . 23. From an in itia l infection of 2.3 x 10^

cfu per lung immediatly after challenge in the control group the
o

number of B. bronchiseptica rose, up to 4.5 x 10 at day 7 

post-infection. A t this stage there was a difference of 2 to 3 orders 

of magnitude between the cfu in the lungs of immunized and control 

mice. This steep increase in the bacterial count in the lungs of control 

mice probably resulted in the subsequent onset of m ortality during the 

second week after infection (table 16). However by day 13 

post-infection, the bacterial load was similar for all groups. I t  is 

interesting that 27 days after infection the bacterial counts in the 

lungs of BB05 antibody injected groups were s till as h ig h i. as at the 

in itia l stages of infection and yet the survival remained high, between 

80 to 90% (table 17).

Five weeks after challenge all surviving mice were sacrified and their 

turbinate bones examined for the presence of AR (table 17). A ll 

control mice showed signs of AR (oLrepresentative selection of prints 

showing the turbinate bones with or without AR is shown in section 

4.5). Only one out of 7 mice in the group injected w ith neat BB05
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Fig. 23. Number of B.bronchiseptica cfu per lung in mice

immunized with MAB BB03 or a murine polyclonal anti 

CSA antiserum followed by aerosol infection with 

B.bronchiseptica.
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TABLE 16 Number of dead mice immunized with MAB BB05 or murine polyclonal anti CSA antiserum followed by
aerosol infection with B. bronchiseptica.

ANTIBODY 

(0.5 ml per mouse)

No of dead mice over total number at different days after B.bronchiseptica 
aerosol infection*

CODE DILUTION 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

- 0/19 0/17 0/15 0/15 1/15 1/15 1/13 2/13 3/13 4/13 4/13 5/13 6/11 6/11 6/11

MAB
1:1

BB05
0/20 0/18 0/18 0/18 0/16 0/16 0/14 0/14 0/14 0/14 0/14 0/14 1/12 1/12 1/12

MAB
1:10

BB05
0/20 0/18 0/18 0/18 0/16 0/16 0/14 0/14 0/14 0/14 0/14 0/14 0/12 1/12 2/12

POLYCLONAL
1:10

P.II
0/20 0/18 0/18 0/18 0/16 0/16 0/14 0/14 0/14 0/14 0/14 0/14 0/12 0/12 1/12

*  The number of dead mice is cumulative. A t days 2, 5, 7, and 13 two mice per group were killed for cfu determination 
in lungs.
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TABLE 17 M ortality and frequency of AR in groups of mice immunized with MAB BB05 or a murine
polyclonal anti CSA antiserum followed by aerosol infection with B.Bronchiseptica.

Antibody
(0.5 ml per mouse)

* *  *
* * *
%Mortality

Mice with AR*

Code Dilution Total No No of survivors 
(%)

- - 6/11 55 5/5 (100%)

MAB
BB05 1:1 2/10 20 1 /7 ** (.14%)

MAB
BB05 1:10 1/10 10 5 /8 **  (62%)

Polyclonal
P-II 1:10 1/9 11 5/8 (62%)

*

* *

* * *

AR was determined 5 weeks after aerosol infection.

The number of surviving mice decreased by 1 mouse as a result of accidental damage to the turbinate bones. 

Cumulative data upto 15 days after aerosol infection.
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showed signs of AR. The incidence of AR in groups immunized with 

BB05 1:10 or P-II 1:10 was the same, namely 5 mice out of eight 

survivors.

In a second experiment these results were confirmed and the 

possibility of transmission of the infection by contact between 

passively immunized (and aerosol infected) mice and non-immunized 

mice was investigated. Three-week old female M F-l(OLAC) mice 

were allocated in three groups. Groups 1 and 2 were injected w ith 

0.5ml of BB05 globulin (5mg/ml) 4 hours before aerosol infection (Mice [ i  

in group 2 receive a second injection of BB05 globulin 7 days after 

infection). Group 3 served as non-immunized control. Five days after 

infection, 5 non-immunized mice of the same strain, age and sex were 

mixed w ith each of the experimental and control groups. Two mice 

from the passively immuni2ed - and control groups were sacrificed at 

days 0, 5, 7 and 35 post-infection and B. bronchiseptica cfu in their 

lung determined. These results are shown in fig . 24. A clear 

difference of 2 to 4 orders of magnitude was present at day 7 

post-infection between immunized and control groups. The cfu peak 

at day 7 in the control group again coincided w ith the onset of 

m ortality in this group where 7 out of 11 mice died during the second 

week post infection (table 18). A t day 35 after infection B. 

bronchiseptica was s till present in the lungs of mice from the three 

groups in numbers ranging from 3.5 x 10^ to 4.2 x 10^.

The incidence of AR determined 5 weeks after aerosol infection is 

shown in table 18. Three of 4 surviving mice in the control group
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Days Post—infection

Fig. 24. Number of B.bronchiseptica cfu per lung in mice 

immunized w ith MAS BB05 followed by aerosol infection 

with B.bronchiseptica.
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TABLE 18 M ortality and frequency of AR in groups of mice immunized with MAB BB05 followed by aerosol infection with
B. bronchiseptica

MAB
GROUP (0.5ml globulin/Mouse)
NO.

CODE AND DAYS POST 
DILUTION INFECTION

1 7/11 44 3/4
(75%)

2 BB05
1:1

0 1/9 12 0/8
(0%)

3 BB05
1:1

0 and 7 1/9 12 0/0
(0%)

No. of dead m ice** % M o rta lity ** Mice with AR*

Total No. No. of survivors
(%)

* AR was determined 5 weeks after aerosol infection. 
* *  Cumulative data upto 15 days after aerosol infection.
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TABLE 19 Transmission of B.bronchiseptica infection and AR between aerosol infected and normal 
mice.

GROUP* No O F ***  MORTALITY l°9 in  c^u ° f  * *  Mice with
NO MICE (%) B.broncchiseptica in lungs AR /  Total No.

1 5 0 4.5 x 102 
NEGATIVE

3/5

2 5 0 NEGATIVE
NEGATIVE

0/5

3 5 0 NEGATIVE
NEGATIVE

0/5

*  See table 18
* *  Two mice per group were examined
* * *  Normal mice were included in cages of B.bronchiseptica infected mice 5 days after aerosol infection 
(see table I B ) and evaluated 30 days later.
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presented AR whereas all mice in the passively immunized groups were 

free from the disease.

None of the mice used to test contact in fection . died (table 19) and all 

were killed 30 days after being mixed with the aerosol infected groups. 

B. bronchiseptica cfu determination was carried out on 2 of the 3 

mice of each group. None of the mice mixed with the MAB passively 

immunized groups had B. bronchiseptica in their lungs. In the mice 

mixed with the non-immunized aerosol infected group one had 4.5 x 

10 cfu per lung and the other was negative (table 19). The snouts of 

all 15 mice were examined fo r AR lesions. Three of 5 mice in contact 

with the non-immunized group had AR whilst none of the mice mixed 

with the BB05 passively immunised groups showed indications of AR 

(table 19). These results indicate that ' transmission of B. 

bronchiseptica infection by contact between aerosol infected and 

non-infected mice is achievable with this model. The infection results 

in development of AR without m ortality. Thus passive immunization 

with MAB BB05 not only protects mice from dying and developing AR

but also prevents the spread of infection to non-immunized-susceptible
^_______

mice.

The protective capicity of another MAB, BB07 was compared w ith that 

of BB05 in the following experiment. Groups of MF-l(OLAC) female 3 

week old mice were injected ip with 0.5ml of neat globulin fraction 

(5mg/ml) of MABs BB07 or BB05. A third group served as 

non-immunized control. Mice were challenged by aerosol 4 hours 

after immunization.Only a lim ited number of mice (2 per group) were
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sacrificed fo r bacterial counts at days 5 and 7 post-infection since a 

high number of mice in both control and BB07 immunized groups died 

during the second week post-infection (table 20). (The bacterial 

counts at day 5 post-infection were lost due to technical error). A t 

day 7 after aerosol infection most mice injected w ith MAB BB07 and 

control mice looked ill.  They showed postration, weakness and tremor. 

However some mice in both groups appeared healthy and in order to 

balance the cfu determination one il l mouse and one healthy mouse
i

from each group was sacrificed. As shown in table 21 ill mice (mice 

number 2 and 6) gave very high bacterial counts, 2 x 10 and 7 x 10 , 

Whereas healthy mice (mice number 1 and 5) had 3.5 x 10^ and 4.5 x 

107 cfu per lung. A t this stage of infection all mice injected with 

MAB BB05 looked healthy and the two mice sacrificed (mice number 3 

and 4) had 1.5 x 10^ and 2.5 x 10^ cfu per lung.

A t day 35 after infection all surviving mice were killed and cfu 

determination was carried out in two mice per group. A ll mice were 

s till infected w ith B. bronchiseptica in numbers ranging from 1,4 x 

10^ to 6.5 x 10^ cfu per lung. M orta lity  and the incidence of AR is 

shown in table 22. A ll BB05 immunized mice survived the challenge 

but 3 out of 15 mice had AR. The only survivor in the group 

immunised w ith BB07 presented AR. However these results are to 

some extent compromised by the failure of surviving mice (38%) from 

the control group to develop signs of AR.

Taking the results together one can conclude that BB05 showed a

protective effect clearly demonstrated in terms of prevention of



15
0

TABLE 20 M ortality of mice in groups immunized with MABs BB05 or BB07 followed by aerosol infection
with B.bronchiseptica

MAB

(0.5 ml globulin/mouse)

No of dead mice over total number at different days after B.bronchiseptica 
aerosol infection*

CODE ABT 50 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

- - 0/17 0/17 0/17 0/17 0/15 2/15 4/13 6/13 7/13 7/13 8/13 8/13 8/13 8/13 8/13

BB05 7xl04 0/19 0/19 0/19 0/19 0/17 0/17 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15

BB07 7xl03 0/20 0/20 0/20 0/20 0/18 4/18 9/16 12/16 13/16 13/16 14/16 14/16 14/16 15/16 15/16

*The number of dead mice is cumulative. AT days 5 and 7 post infection 2 mice in each group were killed fo r cfu determination in 
lungs.
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TABLE 21 cfu of B.bronchiseptica in mice immunized with MABs BB05 and BB07 7 days after aerosol
infection.

MAB
(0.5ml globulin/mouse) Mice Health cfu of B.bronchiseptica

Code ABT50
No. Condition

- • - Healthy 3.5 x 106

2 ill 2 x 1010

BB05 7 x 104
3 Healthy 1.5 x 106

4 Healthy 2.5 x 106

BB07 7 x 103
5 Healthy 4.5 x 107

7 x 10-6 ill
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TABLE 22 M ortality and frequency of AR in groups of mice pasively immunized w ith MABs BB05 
or BB07 followed by aerosol infection w ith B.bronchiseptica

MAB No of * * * * Mice with
(0.5ml globulin/mouse) dead % M ortality . A R * ______

CODE ABT50

mice 

Total No
No of survivors 

.(%)

8/13 62 0/5
(%)

BB05 7 x 104 0/15 0 5/15
(20% )

BB07 7 x 103 15/16 94 1/1
(100%)

*  AR was determined 5 weeks after aerosol infection 

* *  Cumulative data up to 15 days after aerosol infection.
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I_______________ I_______________ I_______________ I_______________ !------------------------1------------------------1
1 2 3 4 5 6

Logio Dilution

Fig. 25. RIA titra tio n  of MABs BB05 and BB07 globulin fractions.
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m ortality and also in reducing the incidence of AR whereas BB07 

failed to protect mice against B. bronchiseptica aerosol infection. A 

possible explanation for the fa ilure of BB07 antibody to protect may 

be found when comparing titres of the respective globulin preparations 

(Fig 25). The ABT50 values were found to be 1:140 000 for BB05 and 

1:14 000 fo r BB07. Hence, the observed ten-fold lower t itre  of BB07 

may have accounted fo r its lack of potency observed in the 

immunization experiments. However BB05 antibody at 1:10 dilution 

was as effective as neat in preventing m ortality and the rise of cfu of 

B. bronchiseptica in the lungs (see fig  23 and table 17). Thus i t  can be 

concluded that BB05 antibody had strong protective potency even at a 

dose at which BB07 antibody was quite ineffective. Subsequently 

antibody affin ities were compared in an attempt to explain the 

observed different protective potencies. For this purpose both MABs 

were reacted w ith different concentrations of CSA on a RIA. As 

shown in fig  26 the slope of both antibodies was very sim ilar reflecting 

similar affin ities.

Several conclusions can be drawn from the three experiments 

described in this section.

(1) MAB BB05 can passively protect mice against B. bronchiseptica 

aerosol infection. Protection is manifested by a very low 

percentage of m ortality and low incidence of AR.

(2) The protective effect of BB05 can be conferred by a single dose 

of antibody applied 4 hours before aerosol infection.
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Fig. 26. RIA of MABs BB05 and BB07 against different
concentrations of B.bronchiseptica cell-surface-antigens 
(CSA). The plate was coated with different concentrations 
of CSA in PBS (from 20 to .15|ig/ml) and MAB's as MGM 
neat were incubated 4 hours at 4°C with each 
concentration in duplicate followed by 125^-RAM (47,000 
cpm/well incubated overnight at 4°C).
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(3) BB05 antibody also prevents spreading of the infection from 

passively immunised and aerosol-infected mice to non-immunized 

mice.

(4) MAB BB07 failed to protect mice against aerosol infections with 

B. bronchiseptica.

4.5 ACTIVE IMMUNIZATION OF MICE WITH THE 68 Kd ANTIGEN OF B. 

BRONCHISEPTICA

The results presented in the preceeding chapter have shown that 

passive immunization w ith MAB BB05 can protect mice from infection 

with B. bronchiseptica. The purpose of the experiments described in 

this chapter was to investigate the effect of immunization w ith the 

68Kd antigen (purified as described in section 4.3) to be followed by 

intraperitoneal and aerosol infection in mice.

4.5.1 ACTIVE IMMUNIZATION OF MICE WITH THE 68 Kd ANTIGEN 

FOLLOWED BY INTRA-PERITQNEAL INFECTION WITH B.
T

BRONCHISEPTICA

The experiment described in this section compared the e ffect of 

immunization of mice w ith 68Kd antigen in IFA or Alhydrogel w ith 

that produced by immunization w ith a fo rm alin -k illed  whole B. 

bronchiseptica cell vaccine absorbed to Alhydrogel. The immunization 

protocol of MF-l(OLAC) female 3 week old mice is presented in table 

23. Mice were immunized on days 1 and 14 and challenged 

intraperitoneally w ith virulent B. bronchiseptica on day 28. Samples
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Table 23 Experimental protocol to compare immunization of mice with 68Kd antigen or whole cell vaccine followed 
by ip infection with B.bronchiseptica.

Group
No

No of 
Mice

Immunogen Dose
per mouse

Adjuvant Route Days of 
Immunization

B.b. infection at 
day 2Ek(cfu/mouse)

1 16 Whole
cell
B.b.vaccine

Neat
(0.5ml)

Alhydrogel ip 1,14 1 x 109

- ... . . n
2 16 Whole

cell
B.b.vaccine

1:25
(0.5ml)

Alhydrogel ip 1,14 1 x 10 '

3 16 68kd
25|ig IF A im 1

1 x 109
antigen 25pg none ip 14

4 16 68kd
5(ig IF A im 1

1 x 109
antigen 5ng none ip 14

5 16 68kd
25pg Alhydrogel ip 1 9

i  x n r

antigen 25pg none ip 14

6 16 68kd
5pg Alhydrogel ip 1 9

1 x 10y
antigen 5(ig none ip 14

n
7 10 none - - - 1 x 10 '

7
8 10 none “ - - - 2 x 10

7
9 10 none - - - - i  x n r

— — ” i
5 x 1010 10 none
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of blood were taken on day 21 from 5 mice of each group and the 

individual sera from each group pooled for antibody titra tion .

The results of this experiment are shown in table 24 and fig  27. The 

challenge dose neat and diluted 1:50 produced 100% m orta lity. 

M orta lity was reduced to 0% and 7% in mice immunised with B. 

bronchiseptica vaccine neat or 1:25 respectively. The 68Kd antigen 

when injected in IF A induced protective immunity in 37% of the mice 

irrespective of* the dose of antigen whilst when the antigen was 

injected in Alhydrogel only 1 of 16 mice survived in each of the 

groups. Over all, these results indicate that the 68Kd antigen is 

capable to induce some degree of protective immunity provided an 

appropriate adjuvant, such as IFA, is used. A dose of 5ng of the 

antigen is as effective as one of 25|ig.

In view of the differences found between the groups immunized with 

different adjuvants i t  became relevant to titra te  the sera from mice 

from the various groups not only to establish a to ta l antibody titre  but 

also to investigate whether there was differences in the different Ig 

subclass. The Ig subclasses were titra ted  by a RIA described in section

3.3.4. The sera tested were the pools made from individual serum 

prepared from blood taken 7 days before challenge. Since the degree 

of protection conferred by two different dilutions of B. bronchiseptica 

vaccine or 2 different concentrations of 68Kd antigen were very 

similar only sera from mice immunized w ith B. bronchiseptica vaccine 

neat or 25ug of 68 Kd either in IFA or Alhydrogel were titra ted. To 

estimate the extent of a secondary immune response induced by the
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TABLE 24 Number of surviving mice in groups immunized w ith 68kd
antigen or whole B.bronchiseptica vaccine after ip infection 
with B.bronchiseptica

Group No of No of survivors at days after ip infection

No * mice
1 2 3 4 5 6 7 8 9 10

1 13** 13 13 13 13 13 13 13 13 13 13

2 1 5 *** 15 14 14 14 14 14 14 14 14 14

3 16 16 8 6 6 6 6 6 6 6 6

4 16 15 8 8 7 7 7 7 7 7 6

5 16 16 2 2 2 1 1 1 1 1 1

6 16 15 3 1 1 1 1 1 1 1 1

7 10 10 0

8 10 10 8 1 0

9 10 10 10 7 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10 9 9 9 9

*  See Table 23
* *  3 mice died before ip challenge 
* * *  1 mice died before ip challenge
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FiG.2-7 Percentage of survival in mice immunized with 68kd antigen or 
whole cell vaccine after ip infection with B. Bronchiseptica.
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challenge itse lf, pools from 5 individual serum from mice from the 

different group at day 24 after challange were also titra ted . In the 

case of the group immunized w ith 68Kd in Alhydrogel there was only 

one survivor;therefore only one serum was titra ted.

The results of these titrations against both 68Kd antigen and CSA 

expressed as ABT 50 are summarised in tables 25 and 26. Antibody 

titra tio n  against CSA (table 25) did not indicate any obvious difference 

between the various groups which could re flect the difference in 

protective immunity. The antibody titre  for the d ifferent Ig 

subclasses before challenge with B. bronchiseptica was very sim ilar 

between the groups indicating that the two adjuvants used did not 

result in quantitative or qualitative differences in antibody titre .

In the case of antibody titra tio n  against the 68Kd antigen (table 26) 

mice immunized with B. bronchiseptica vaccine showed a significantly 

lower titre  than mice immunized w ith this antigen. Interestingly the 

titre  did not change to any significant extent in any group after 

challenge with B. bronchiseptica thus suggesting an absence of 

secondary immune response to this antigen. I t  was clear that the 68Kd 

molecule is highly antigenic, w ith titres reaching 1:1,000,000 in some 

groups, but the titre  was not substantially affected by the adjuvant 

used. I t  is d ifficu lt to interprete the differences in protective 

immunity in the light of antibody titra tio n  and at the present moment 

there are no indications that other mechanisms, such as cellular 

immunity, are involved in protection against ip infection w ith B  ̂

bronchiseptica. In any case i t  is clear from this experiment that when
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TABLE 25 Immunoglobulin subclass titra tion  against C5A in sera from mice before and after ip infection with
B.bronchiseptica

ABT50 expressed as log10

Group
No*

Challenge Total Ig Total IgG IgG l IgG2a IgG 2b IgG3 IgM

i “ 2.6 3.1 <1.7 2.1 <1.7 2 2.6

1 + 4.2 4.4 3.3 3.7 <1.7 4.2 <1.7

3 - 2.9 2.5 2.1 <1.7 <1.7 <1.7 1.7

3 + 4.3 3.8 3.3 3 3.1 3.1 2.5

5 - 2.1 2.2 1.8 <1.7 <1.7 <1.7 2.1

5 +

i

1

•

i

3.3 3.1 <1.7 2.7 3.3 2.5

*  See Table 23

IgA titra tion  was performed but titres were not higher than in sera from non immunized mice and were not included 
in this table.
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TABLE 26 Immunoglobulin subclass titra tion  against 68kd antigen in sera from mice before and after ip infection
with B.bronchiseptica

ABT50 expressed as log^g

Group
No*

Challenge Total Ig Total IgG IgG l IgG2a IgG2b IgG3 IgM

1 . - 2.9 2.6 <1.7 2.1 2.2 <1.7 2.9

1 + 2.9 2.8 1.9 2.6 2.3 2 <1.7

3 - 5.5 5.4 4.2 4.3 3.8 2.7 2.3

3 + 6.2 5.5 4.5 4.3 4 2.9 <1.7

5 - 6.0 4.3 3.8 3.7 3.2 3 2.9

3 + 3.4 3.3 3.4 2.1 2.2 2.7 2

* See Table 23
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the 68Kd antigen is injected with an adequate adjuvant such as IF A a 

modest protective e ffect can be obtained against an ip challenge w ith 

B. bronchiseptica.

I t  seemed desirable to ascertain whether the protective e ffect 

observed after immunization with the 68Kd antigen could be 

attributed to contaminants present in this material. Therefore the 

pooled sera from groups of mice immunizsd with this antigen were 

reacted in imiViunoelectroilot w ith the 68Kd antigen and compared 

with the reaction w ith CSA. These results, shown in Fig 28, indicate 

that sera from mice immunized with 68Kd antigen reacted essentially 

with this molecule either in its purified form or when present in the 

crude extract. Sera from mice immunized w ith B. bronchiseptica 

whole cell vaccine reacted w ith a component present in CSA in a way 

resembling the pattern characteristic of anti-LPS antibodies, namely 

being of diffuse smear-like appearance (P. Novotny, unpublished

data). This may provide an explanation as to why mice immunized 

with whole B. bronchiseptica were better protected against ip 

infection whilst they contained antibodies against CSA of sim ilar t itre  

to that present in sera from mice immunized with the 68Kd antigen 

only. Total antibody titres may have been similar but qualitative 

differences have occurred as demonstrated by immuno blot analysis. A 

diffuse pattern was not observed with sera of mice immunized w ith 

68Kd antigen', futhermore no LPS contaminant is patent when sera 

from mice immunized with B, bronchiseptica whole cell vaccine were 

reacted with purified 68Kd antigen (fig .28).
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k

Fig. 28 . Immunoelectroblot of 68 Kd antigen and CSA developed with mice sera.

A: developed with sera from mice immunized with 68 Kd in Alhydrogel.
B: developed with sera from mice immunized with B.bronchiseptica  whole cell

vaccine
C: developed with sera from mice immunized with 68 Kd antigen in I FA.

Tracks: 1: 5pg of 68 Kd antigen. 2: 10pg of CSA.



166

4.5.2 ACTIVE IMMUNIZATION OF MICE WITH THE 68kd ANTIGEN 

FOLLOWED BY AEROSOL INFECTION WITH B.BRONCHISEPTICA.

The purpose of the experiment described in this section was to test 

active immunization induced by the 68fcd antigen against aerosol |g_ 

infection w ith B.bronchiseptica. MF-l(OLAC) female 3 week old mice 

were immunized following the protocol presented in table 27. Mice 

were immunized with the 68fCd antigen in three different adjuvants 

CFA, IFA and«saponin. Since immunization with Alhydrogel induced 

very poor protection against ip infection (see section 4.5.1) this 

adjuvant was not used in the present experiment. A group of mice 

(group No4) was only injected with CFA (0.25 ml per mouse). Five 

mice per group were bled at day 7 and the individual sera from each 

group pooled for antibody titra tion . A t day 8 all mice were aerosol 

challenged with B.bronchiseptica. Bacterial cfu were determined at 

days 5, 7, 14, 22 and 35 post infection in the lungs of two mice per 

group. These results are shown in table 28. The e ffec t of 

immunization with the 68kd antigen is clearly seen at day 5 and 7 post 

infection when a 100 fold difference occurred between the control and 

the immunized groups. Two weeks after infection the bacterial load in 

all group was rather sim ilar.

I t  is important to emphasize that in this model of B. bronchiseptica 

infection the age of mice seems to be a critica l factor for the final
/

outcome of the infection. A difference of one week of age can result 

in a less severe infection as can be seen when comparing the degree of 

m ortality in this experiment (table 29) w ith that obtained in
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TABLE 27 Experimental protocol for immunization of groups of mice with the 68kd antigen followed by aerosol infection with
B.bronchiseptica

Group
No

No of 
Mice

Immunogen Dose
per
mouse

Adjuvant Route Day of
immuni zation

B.b aerosol 
infection at 
day 8

1 19 68Kd
antigen

10|ig CFA im 1 +

2 19 68Kd
antigen

lOpg IFA im 1 +

3 20 68Kd
antigen

10|ig Saponin ip 1 +

4 19 - - CFA
(.25ml/mouse)

im 1 +

5 20
*

+



TABLE 28 B.bronchiseptica cfu in lungs of mice immunized with 68Kci antigen followed by aerosol challenge.

GROUP cfu at days post aerosol challenge * *

NO* 0 5 7 14 22 35

1
NT <104 4.5 x 104 5.5 x 105 Negative 8.5 x 104

NT <104 7 x 103 3.5 x 103 1 x 104 3.5 x 103

2
NT * * * 8 x 104 1.1 x 105 4 x 104 103

NT <104 1.1 x 104 7 x 102 7 x 105 5 x 103

3
NT 3.5 x 104 1.6 x 105 9 x 104 7.5 x 102 2 x 102

NT <104 9.5 x 102 1.3 x 105 8 x 104 1.3 x 103

4
NT 7 x 106 3 x 106 1.5 x 104 5.5 xlO4 NT

NT 1.6 x io 7 4 x 106 9.5 x 104 1.1 x 105 NT

3
104 5 x 106 1.8 x 106 1.4 x 105

<ror—1

i 1 
o

1

_ 9.5 x 106 • 6 x 106 104 1.4 x 104 4 x 104
*  See table 27
* *  Numbers represent individual mice
***T h is  mouse showed a peritoneal exudate of unknown origin and the bacterial counts were not considered. 
NT = Ndttested.
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Table 29 M ortality and frequency of AR in mice immunized w ith 68i6d 
antigen and aerosol challenged w ith B.bronchiseptica

Group No of dead % M orta lity Mice w ith AR
No* mice

F^survivors”
Total No (%)

1 0/11 0 i / i i
(9%)

2 0/11 0 0/11
(0%)

3 0 /9 ** 0 0/9
(0%)

4 2/11 18 3/9
(30%)

5 ' 2/11 18 1/9
(n % )

*  See Table 27

* *  Three m ire , died before aerosol challenge.
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experiments described in section 4.4.2 where mice were 1 week 

younger. This can be a serious disadvantage for the study of active 

immunization since the immunization schedule needs to be kept the 

shortest possible for the results to be meaningful. L

The incidence of AR in the different groups is shown in table 29. Only 

4 out 18 mice in the control groups showed signs of the disease. This 

is a disapointing result which may be also atributed to the age of mice 

together with the low m ortality rate. Within the immunized groups 

only one mouse (group 1) showed signs of AR. These findings are 

d ifficu lt to interpret in view of the low incidence of AR in the control 

groups. The m acroscopic, 1 apperance of the turbi/vate bones of / ^ ' 

infected and normal mice is shown in figures 29, 30, 31, 32 and 33. As 

described in detail in section 3.9.4 the turbinate bones were examined 

by cutting the hard' palate in front and behind the prominent ridge in 

front of the molars thus obtaining three adjacent sections: 1. The

nose end (snout). 2. an intermediary one mm thick slice and 3. the

back or scull end. For the purpose of identifying AR, only the
. £ . 

i .
in term ediary slice and the snout were examined. The snout of a /:■ 

normal mouse (fig 29 and 30) shows very narrow gaps between the 

turbinate bones and the nasal septum whereas in the snouts of mice 

with AR (fig 31 and 32) the gaps are enlarged and cavities, very often 

asymetrical, develop. Similar changes are visible on slices made from 

turbinate bones of mice with AR (fig 33b and c).

The results of antibody titra tio n  w ith sera obtained 24 hours before 

areosol infection are presented in fig  34 and 33. The ABT30 values
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Fig. 29 and 30 Snouts of normal m ice.
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Fig. 31 and 32. Snouts of m ice w ith  a trophic rh in itis .
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Fig. 33 One mm th ick  slices from  turb inates bones of m ice (from

le f t  to  righ t):

a) Norm al mouse

b) Mouse w ith  a troph ic rh in itis

c) Mouse w ith  a troph ic rh in itis .
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Fig. 34. Antibody titra tio n  against 68Kd antigen in sera from mice

immunized w ith 68Kd antigen.

( • )  Control

(O) 68Kd antigen in saponin 

(A ) 68Kd antigen in IF A 

(A ) 68Kd antigen in CFA
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LoglO Dilution

Fig. 35. Antibody titra tio n  against B.bronchiseptica cell-surface-

antigens (C5A) in sera from mice immunized with 68Kd 

antigen.

( • )  Control

(O) 68Kd antigen in saponin 

(A ) 68Kd antigen in IFA 

( ^ )  68Kd antigen in CFA
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against both, 68Kd antigen and CSA (table 30) were re latively low and 

failed to reveal any significant differences between the immunized 

groups. However, this outcome may have resulted from the re latively 

short time interval (7 days) between immunization and bleeding. 

These experimental conditions were required to overcome the 

resistance of older mice to develop AR.

In summary, one can conclude that the 68Kd antigen induced a 

protective immunity which resulted in a significant decrease in the 

number of cfu in the lungs of immunized mice as compared with 

controls, one week after infection. This effect was not influenced by 

either of the three adjuvants tested. Since 4 week old mice are 

becoming more resistant than younger mice to the develope of AR, 

evaluation of protective potency of the 68&d antigen was lim ited by 

the short time period available for active immunization.
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TABLE 30 ABT50 against 68&i antigen and CSA of sera from
mice immunized w ith 68Kd antigen

Group No* ABT50 l̂oglCp

68Kd antigen CSA

1 2.3

i

1.9

2 1.9 1.7

3 2.3 1.8

*  See Table 27
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5. DISCUSSION
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5.1 EFFECT OF PASSIVE IMMUNIZATION OF MICE WITH 

MONOCLONAL ANTIBODIES.

In the present study two MABs (BB05 and BB07) against an OMP of B, 

bronchiseptica were compared in their capacity to immunize 

passively mice against ip or aerosol infections w ith B. 

bronchiseptica.

Both MABs react w ith d ifferent, non-overlapping epitopes of the 

same 68,000d protein antigen. Since monoclonal antibody technology 

was introduced to bacteriological research sim ilar observations have 

been reported with other organisms. Robertson et al (1982a) 

developed MABs to cell-surface exposed and non-exposed antigenic 

determinants of the same OMP molecule of H. influenzae type b. 

Similarly, Gaba'y'and Schwartz (1982) produced MABs to the OMP 

lamB of E. coli. Some of these antibodies recognised antigenic 

determinants exposed on the outer side of the membrane whereas 

other antibodies recognised determinants facing the periplasmic 

space.

A t the time when this project was initiated, there was only one 

murine model available for testing B. bronchiseptica vaccines. This 

consisted of ip challenge of vaccinated mice with virulent B. 

brochiseptica (Goodnow, 1977). This model was used to test B. 

bronchiseptica vaccines containing strains of pig and dog origin 

against homologous and heterologous challenge (Smith et al, 1982s). 

While this study was in progress four d ifferent B. broncheseptica 

vaccines were tested against ip infection in mice and the results 

compared with the efficacy of the same vaccines in preventing AR in
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pigs (Novotny et al unpublished data). A ll four vaccines succesfully 

protected mice against ip infection w ith B. bronchiseptica although 

their protective e ffect in pigs was variable. A ll prevented coughing, 

sneezing and the development of pneumonia, however, only one was 

succesful in preventing turbinate atrophy. These results questioned 

the relevance of the murine test and contradicted those reported by 

Goodnow (1977) who found a correlation between potency of B. 

bronchiseptica vaccines against ip infection of mice and prevention 

of AR in pigs'. In view of these results a new model was developed in 

which mice were challenged by a B. bronchiseptica aerosol (P. 

Novotny, unpublished data). The infection in mice resulted in 

pneumonia and development of AR thus closely mimicking the disease 

in pigs.

When MABs BB05 and BB07 became available, their capacity to 

immunize mice passively against B. bronchiseptica was tested using 

both the ip and the aerosol infection models. None of the MABs 

protected against ip infection whilst BB05 showed a protection 

against aerosol infection. This was demonstrated in terms of 

prevention of m ortality, reduced incidence of AR and reduction in 

the number of cfu of B. bronchiseptica in lungs. The la tte r is of 

particular interest since the effect of the antibody was not patent 

until day 5 post-infection, despite its ip injection 4 hours before 

aerosol infection. During the firs t five days after inoculation 

bacteria multiplied at the same rate in immunized and control mice. 

Three possibilities may be put forward to explain this time course.

1. During the firs t days of infection the MAB could not reach the 

tissue in which B.bronchiseptica organisms were multiplying.
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However, once an inflammatory response develops, changes in 

permeability allows exudation of plasma, thus making the antibody 

available fo r a bactericidal or bacteriostatic effect. Previous studies 

concerned w ith the levels of immunoglobulin in respiratory secretions 

have shown a predominance of IgA over IgG isotype in the upper 

respiratory tra c t (Keimowitz, 1964; Kaltreider and Chan 1976; 

Morgan et al, 1980). However in bronchial and broncho alveolar 

secretions in dog and pig the ratio IgGiIgA was found to be 4.1:1 

(Kaltreider and Chan, 1976) and 1:0.7 (Morgan et al, 1980) 

respectively. A proportion (between 37 to 60%) of the IgG in 

tracheal and bronchoalveolar secretions in the pig was derived from 

serum (Morgan et al, 1980). Despite the increase of IgG in the lower 

respiratory trac t, the ratio IgG: IgA is no closer to that in serum 

which for humans is 4:1 (Hudson and Hay, 1980) for pigs 11:1 (Curtis 

and Bourne, 1971) and for mice 43:1 (Hudson and Hay, 1980). Dennis 

et al (1964) showed that during acute asthmatic attacks or pulmonary 

tuberculosis the IgG: IgA ratio in sputum more nearly approached 

that of serum. Josephson and Lockwood (1964) found that IgA was 

the major Ig class in human lacrimal secretions, IgG being found 

inconsistently and in trace amounts. However, passage of several 

serum proteins, including IgG not normally found in tears, occurred 

upon mild irrita tion  of the conjuctiva. These two studies support the 

view that under inflammatory conditions the ratio IgA:IgG in human 

secretions is altered in favour of the la tter. I t  is interesting that in 

rabbits immunized with T4 bacteriophage, BSA or keyhole limpet 

hemocyanin antibody activ ity  in tears resides primarily in the IgG 

fraction w ith very lit t le , if  any, activ ity  associated with IgA (Sapse 

et al, 1968).
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2. The 5 day period required before antibodies exert the ir e ffect 

may represent the time needed for recruitment of neutrophils and 

macrophages involved in antibody mediated phagocytosis.

A t the present moment there is ' no data available regarding 

mechanisms leading to B.bronchiseptica killing. I t  may very well be 

that a proportion of the MAB reaches the lower respiratory trac t 

soon after ip injection but an inflammatory response, resulting in a 

cellular exudate, is s till required before effective phagocytosis takes 

place.

3. A ll the available information at the present time supports the 

view of B.bronchiseptica as an extracellular pathogen w ith marked 

predilection for the ciliated epithelium of the respiratory trac t 

(Duncan and Ramsey, 1965; Yokomizo and Shimizu, 1979; Matsuyama 

and Takino, 1980). Furthermore, Bemis and Kennedy (1981) have 

shown that B.bronchiseptica produced ciliostasis within 3 hours after 

inoculation in tracheal explants.

During the course of this study a preliminary experiment was carried 

out where rabbit tracheal strips were inoculated with

B.bronchiseptica following the technique described by Matsuyama 

(1974). B rie fly, tracheal strips 20mm x 5mm were embeded in 1% 

agar containing RPMI medium, and B.bronchiseptica was inoculated 

in the middle of the strip. Care was taken to ensure that the 

mucociliary movement was not disturbed by placing a droplet of 

indian ink in the middle of a control strip and observing that the ink 

moved towards the laryngeal end. Under these conditions

B.bronchiseptica multiplied readily w ith bacterial growth covering
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the fu ll length of the strip in 24 to 48 hours. When sections of 

inoculated strips were examined under the electron microscope, 

bacteria resembling B.bronchiseptica were observed embedded in the 

tissue underneath the tracheal cartilage (Fig. 36). I f  these results 

were confirmed i t  would appear that B.bronchiseptica colonization is 

not restricted to the ciliated epithelium of the respiratory tract. I t  

could be then suggested that a form of intracellular infection may 

take place. I f  this was the case antibodies would not reach the 

bacterium until sufficient tissue damage had occurred thus exposing 

the microorganisms.

Whichever the explanation for the 5 days delay in the protective 

e ffect of the MAB it  is important to bear in mind that 

B.bronchiseptica persists in the lungs of infected mice for at least 35 

days post-infection. I t  is clear then that although MAB BB05 

prevents m ortality and the development of AR i t  does not erradicate 

the infection. However, as shown in experiments where MAB

injected and aerosol infected mice were mixed w ith clean mice, the 

antibody does prevent spreading of the infection from infected to non 

infected mice.

I t  is conceivable that the passive protection obtained in this study 

w ith MAB BB05 may be mediated by similar mechanisms to that 

which is effective in piglets receiving immune colostrum from
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F ig .36 R abbit tracheal s trip  inoculated w ith  B .bronchiseptica. (Thin section 

xl0 ,600).

f  *■!- ■

Arrows indicate bacteria
f\ vvC tracheal cartilage

m + .
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immunized sows (Kemeny, 1972; Koshimizu et al, 1973; Smith et al 

1982^, As shown by Porter (1969) 79% of the to ta l Ig in sow 

colostrum consists of IgG, whereas only 14.05% is IgA. Presumably 

colostral antibodies are traversing the intestinal mucosa and the 

general circulation from which they have to reach the respiratory 

trac t to exercise protective activ ity .

In contrast to MAB BB05, MAB BB07 failed to protect mice against 

aerosol infection. This result is particularly interesting when 

considering that both antibodies react with the same antigen. 

Although direct binding of MABs to B.bronchiseptica were not 

performed i t  is tempting to speculate that the two epitopes may 

d iffe r in their cell surface representation.

5.2 ACTIVE IMMUNIZATION OF MICE WITH THE- 68KD ANTIGEN ‘OF 

B.BRONCHISEPTICA

The capacity of the 68/Cd antigen to actively immunize mice against 

B.bronchiseptica infection was studied using both the ip and the 

aerosol murine infection models.

In the case of ip infection, immunization with this antigen in IFA 

resulted in 37% survival, whereas only 6% (1 out 16 mice) survived in 

the group immunized with the antigen in Alhydrogel. The final 

outcome was not influenced by antigen dose and 5^g per mouse v/as 

as effective as 25|ig. The degree of protection conferred by the 68f<d 

antigen is modest when compared w ith the 100% survival induced by 

immunization with a B.bronchiseptica whole-cell vaccine. These

results complement those obtained in passive immunization
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experiments where polyclonal antisera against whole B.bronchiseptica 

cells protected 70% mice against ip infection, whereas neither of two 

MAB tested (BB05 and BB07) protected.

When mice were immunized with the 68|£d antigen and aerosol 

challenged the immune response resulted in significant reduction in 

the number of cfu of B.bronchiseptica in the lungs of immunized mice 

as compared w ith control mice 7 days after infection. Evaluation of 

the e ffect of £he 68K.J antigen in preventing AR was hampered by the 

fact that 4 week-old mice are less susceptible to the disease than 

younger or baby mice. A possible way to overcome this resistance 

and to assess the effect of anti-68Kd antibodies in preventing AR is 

to immunize pregnant female mice and aerosol-challenge their 

progeny. This approach would more closely mimic the infection in 

pigs, since piglets become infected w ith B.bronchiseptica in the firs t 

days of life  and maternal antibodies, acquired through colostrum, are 

of importance in preventing further development of the disease. This 

approach is currently being investigated and preliminary results are 

encouraging. Approximately 50% of baby mice born from non- 

immune mothers died after aerosol infection whereas m orta lity  is 

reduced to 0% in baby mice born from mothers immunized with 

either 68^d antigen or B.bronchiseptica whole cell vaccine. The 

pulmonary infection in the progeny of whole cell vaccine immunized 

mothers was cleared within 3 weeks of challenge, while the lungs of 

mice born from 68(^d-immunized mothers yield bacterial counts 

ranging from 10^ to 10^ cfu/lung 3 weeks after aerosol challenge 

(P.Novotny, unpublished data).

/
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5.3 RELEVANCE OF THE 68KD ANTIGEN FOR VACCINATION OF PIGS 

AGAINST ATROPHIC RHINITIS.

The results obtained after passive and active immunization of mice 

w ith MAB BB05 and 68kd antigen respectively (as discussed in 

sections 5.1 and 5.2) are encouraging when the value of 68jCTd antigen 

is considered for vaccination against AR in pigs. Although the role of 

B.bronchiseptica in the aetiology of this disease is s till controversial, 

studies where* experimental vaccine containing this microorganism 

have been tested to prevent AR have produced some positive results 

(see section 2.2.1.8).

While this project was in progress, some preliminary studies involving 

determination of antibody titre  against 68frd antigen in the progeny 

of B.bronchiseptica-vaccinated sows were carried out (Novotny and 

Kobisch, unpublished data). Two groups of SPF sows (A and B) were 

vaccinated with two d ifferent vaccines 7 and 2 weeks before 

farrowing. Their piglets were intranasally infected on days 2,3,4 and 

3 after birth with nasotrophic B.bronchiseptica. Eight of 13 piglets 

from groups A developed AR whereas none of 16 piglets in group B 

showed signs of turbinate atrophy. The sera from both groups of 

piglets obtained at successive weeks after birth were titra ted  in an 

ELISA assay against CSA, LPS subunits of B.bronchiseptica and the 

68fei antigen. Piglets from group A showed much higher AB titre  

against CSA and LPS than piglets from group B. However, the la tte r 

had significantly higher antibody titre  against the 68Kd antigen. 

These results clearly suggest a correlation between antibody t itre  to 

68fcd antigen and protection against AR.
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Furthermore, a strain of B.bronchiseptica which was able to colonize 

the respiratory tract of pigs but unable to produce AR (de Jong and 

Rondhuis, 1982) was shown to lack the 68kd protein (P. Novotny, 

unpublished data).

Taken together, the results from aerosol infection of mice, the 

serological analysis of piglet sera and the absence of the 68pd antigen 

in a non-nasotrophic strain of B.bronchiseptica point to the 68Kd 

protein as being a major protective antigen and possibly a virulence 

factor of B.bronchiseptica. I t  would seem, then, to be highly 

desirable fo r any successful vaccine against AR to contain this 

protein. Whether such a vaccine would be effective containing 

exclusively the 68kd antigen is an open question which requires 

extensive experimental investigation. A t the present moment only a 

few theoretical Considerations can be raised:

a) To produce a 68fCd vaccine in large quantities represents a labour- 

intense procedure involving extraction of the protein and further 

purification by MAB-based a ffin ity  chromatography. In the present 

study, the purified 68{\d antigen represented 5% of the total bacterial 

protein in the starting material. Studies designed to establish the 

minimum dose of this antigen to induce a protective immune response 

in the pig would need to be undergone so that the feasibility of a 68 d 

vaccine produced on a large scale can be accurately evaluated.

b) Although the 68fcd antigen was shown to be highly immunogenic 

for mice when injected in IF A or Alhydrogel (with ABT50 values 

ranging between 1:100,000 to 1:1,000,000) a suitable adjuvant for 

immunization of pigs would need to be defined. I f  may very well be
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that other bacterial components may potentiate the immune response 

to the 68fcd antigen if  vaccination with a B.bronchiseptica strain rich 

in this antigen is practised.

c) When considering the immune response in the pig i t  is not d iffic u lt 

to envisage that other bacterial components may also play a 

protective role, perhaps a minor one in comparison w ith the 68fod 

antigen. Therefore, by inducing a more heterogeneous immune 

response w ith <a whole cell vaccine the chances of successful immune 

protection may be improved.

An area where the accumulated knowledge of the 6$jTd protein can be 

highly useful is in quality control testing of whole B.bronchiseptica 

cell vaccines. As pointed out in section 5.1 the animal test whereby 

immunized mice are challenged ip with B.bronchiseptica, failed to 

reflect the effect of the vaccines in preventing AR in pigs. This 

observation lead to the development of a new infection model where 

mice are challenged by aerosol. Experiments to correlate the e ffect 

of a vaccine in this model and prevention of AR in the pig have not 

yet been performed. However, i t  can be anticipated that fo r routine 

testing this model may be very tedious. A lternatively an in vitro 

analysis of a vaccine, involving determination and quantification of 

the 66fcd antigen using MAB BB05 in combination w ith SDS-PAGE and 

immunoelectroblot, seems workable. This type of test, including the 

preparation of the bacterial extract, could be completed within a few 

days avoiding the use of large number of laboratory animals.

Another aspect w ith potential practical value is the serological

125screen of pig sera on the basis of competitive inhibition of I-
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labelled MAB BB05 binding. Without using a purified antigen the 

sensitivity of the assay can be maintained by the specificity of the 

MAB. This kind of assay has already been explored fo r serodiagnosis 

of human tuberculosis (Hewitt et al, 1982) where a combination of 

murine MABs were used as probes fo r anti M.tuberculosis antibodies 

in patients' sera.

The assay would consist of reacting pig sera w ith a crude 

B.bronchiseptica preparation followed by addition of I-MAB BB05. 

Assuming that the BB05 antigenic specificity is contained within the 

pig antibody repertoire, sera w ith BB05-like antibodies w ill show 

inhibition of BB05 binding. This type of assay could be used to 

estimate the efficacy of B.bronchiseptica vaccines in raising anti- 

68fCd antibodies in the pig. A lternatively i t  could be employed to 

assess the immune status of a herd avoiding problems of cross- 

reactiv ity or detection of an ti-B.bronchiseptica antibodies not 

relevant to immune protection.

Finally the finding by Novotny (unpublished data) that the 68kd 

preparation obtained by BB05-based a ffin ity  chromatography 

possesses adenylate cyclase activ ity  suggests that i t  may be of 

significance in protecting against AR. The possible implications of 

this result, in connection w ith the pathogenesis of AR are discussed

in the next section.



CROSS-REACTIVITY OF MAB BB05 WITH B. PERTUSSIS AND

B.PARAPERTUSSIS

Monoclonal antibody BB05 cross-reacts with B. pertussis and 

B.parapertussis. An extract of B.pertussis inhibited the binding of 

BB05 to CSA on a RIA. Furthermore immunoelectroblot analysis 

revealed that this antibody reacts w ith a 68,000d molecular weight 

B.pertussis antigen. I t  is interesting that the B.parapertussis antigen 

recognised by'BB05 has a molecular weight of 70,700d.

Serological cross-reactivity between the species of the genus 

Bordetella has been known since the early studies by Eldering and 

Kendrick (1938) who demonstrated cross-reactive agglutinating 

antibodies. Subsequently Anderson (1932 and 1933) showed that 

B.bronchiseptica, B.pertussis arid B.parapertussis possessed common 

O antigens but each of them had its own specific K antigen in 

addition to overlapping K antigens. Eldering et al (1957) extended 

Anderson's results and proposed a scheme for the identification of the 

thermolabile K antigen using the term antigenic factor. Factors 1 

and 6 were only found in B.pertussis and factor 7 in all bordetella. 

Factor 14 was specific fo r B.parapertussis and factor 12 for 

B.bronchiseptica. Factors 8,9 and 10 accounted for the relationship 

between B.parapertussis and B.bronchiseptica.

A study of envelope proteins of bordetellas was carried out by Ezzell 

et al (1981). They found that all three species possessed a major 

protein of molecular weight in the range of 37,000 to 41,000d and at 

least six other proteins of lower molecular weight. I t  is important to
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emphasize that these envelope proteins could not be assigned to inner 

or outer membrane, nor was i t  established whether they were the 

same in all 3 species or had common antigenic determinants. 

Robinson and Hawkins (1983) found that the major envelope proteins 

of B.bronchiseptica and B.parapertussis had a d ifferent profile than 

those of B.pertussis. However, certain proteins with molecular

weights of 77,000, 63,000 and 49,000 were common to the 3 species.

The results presented in this study provide evidence about common 

determinants on homologous 68ftd molecules from B.bronchiseptica 

and B.pertussis. In addition preliminary analysis has shown that the 

BB05-based a ffin ity  chromatography-purified antigen from both 

microorganisms possesses adenylate cyclase activ ity  (P.Novotny, 

unpublished data). This enzyme catalyses the formation of cyclic 

AMP from ATP. Furthermore, both 68^d preparations were shown to 

protect mice against intra-cerebral challenge w ith B.pertussis (P. 

Novotny, unpublished data). The implications of these findings are of 

relevance to both B.pertussis and B.bronchiseptica infections.

Hewlett and W olff (1976) found that culture media of exponentially 

growing B.pertussis contained significant quantities of soluble 

adenylate cyclase. The enzyme had a molecular weight of 

approximately 70,000d estimated by SDS-PAGE and sucrose density 

gradient. Subsequently Endoh et al (1980) have shown adenylate 

cyclase activ ity  in Phase I cultures of B.pertussis, B.parapertussis and 

B.bronchiseptica. I t  is interesting that Phase III cultures of the 3 

species lacked both extra and intracellular enzyme activ ity . Confer 

and Eaton (1982) have shown that supernatants from B.pertussis
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cultures or extracts of this microorganism rich in adenylate cyclase 

activ ity , induced a dose-dependent suppression of superoxide 

production by human neutrophils and alveolar macrophages. In 

addition bordetella extracts inhibited chemotaxis and particle 

ingestion and induced a significant bactericidal deffect in human 

neutrophils. Incubation of neturophils with bordetella extracts 

resulted in an increase of intracellular cyclic AMP and in the 

presence of bacterial adenylate cyclase in the cytoplasm of these 

cells. The authors underlined that this enzyme may be an important 

factor in defending bordetSllas against phagocytic attack. cl ~  &

In the case of B.bronchiseptica infection, in particular its association 

w ith AR in pigs, a bacterial-induced rise in the levels of cyclic AMP 

could influence the development of atrophy of the turbinate bones 

characteristic of this, infection. Drezner et al (1976), studying the 

role of cyclic AMP in the regulation of macromolecule synthesis in 

pelvic cartilage from 10-12 day chick embryos found that incubation 

in medium containing 0.5mM cyclic AMP resulted in inhibition of S04, 

leucine and uridine incorporation into proteoglycan, to ta l protein and 

RNA respectively. I t  is interesting that incubation with theophylline, 

which raises intracellular cyclic AMP, increased the incorporation of 

precursors. Studies with cell lines have indicated a direct correlation 

between increase in the levels of cyclic AMP and cesation of cell 

growth (Otten et al, 1972). Similarly, spontaneously transformed and 

virally transformed cells were restored to contact-inhibited growth 

by the addition of cyclic AMP to the nutrient medium (Sheppard,

1971). Insulin and serum-induced growth stimulation was inhibited by

low doses of cyclic AMP administered together with the stimulator.
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Equally aminophylline, isoproterenol and prostaglandins, all of which 

elevate lymphocyte cyclic AMP levels, inhibited incorporation of 

■^H-labelled thymidine, uridine and leucine into DNAi RNA and 

protein of phytohaemagglutinin-stimulated lymphocytes.

Against this background it  can be hypothesized that an increase in 

the level of cyclic AMP, mediated by B.bronchiseptica adenylate 

cyclase may be the triggering factor to the atrophy of the turbinate 

bones characteristic of AR in pigs. This hypothesis is compatible

with the view of other workers studying the pathogenesis of AR.

, ,\ 00 a{ &Duncan et al (1966 bjattributed the atrophy of the turbinate bones to

resorption and replacement fibrosis in the bonycore. They argued

that B.bronchiseptica must produce or be responsible for the

elaboration of some substance which diffuses into the tissue and

elic itis  the change in the osseous core without causing a marked

inflammatory reaction. An alternative interpretation has been that

atrophy is mainly due to reduced formation of bone matrix,

accompanied by degenerative changes in osteoblasts and osteocyts
d  t:.

(Fetter and Capen, 1971; Harris et al, 1971; Silveira et al, 1980). A 

reduced formation of bone m atrix could be explained in terms of an 

increase in the level of cyclic AMP mediated by B.bronchiseptica 

products.

5.5 FINAL REMARKS:

Monoclonal antibody represents an important novel approach to the 

study of bacterial components relevant to protective immunization.
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The results presented in this thesis are an example that this approach 

is feasible. Starting w ith a crude antigenic preparation, a MAB was 

produced which was protective upon passive immunization against 

B.bronchiseptica infection. Also, this MAB supported the purification 

and characterization of the corresponding protective antigen, which 

has tentatively been asigned as the adenylate cyclase enzyme of 

B.bronchiseptica. This antigen may play an important role in the 

pathogenesis of bordetalla infections in general.

Related studies (see Section 2.3) recently reported with other 

bacterial pathogens provide a new insight into the understanding of 

bacterium-host relationships which may eventually lead to better 

immunogens to control infectious diseases of man and animals.



196

6. CONCLUSIONS
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The results obtained in this study have shown that: a MAB (BB05) reacting 

with a 68Kd OMP of B.bronchiseptica was capable of protecting mice 

against AR when injected 4 hours before aerosol infection w ith 

B.bronchiseptica. This MAB also prevented the spreading of the infection 

from passively immunized and aerosol-infected mice to clean non- 

immunized mice. The 68Kd OMP, purified by BB05-based a ffin ity

chromatography, induced protection in 37% of mice infected ip with 

B.bronchiseptica. When immunized mice were infected by aerosol, 

immunization resulted'in significant reduction in the number of cfu of 

B.bronchiseptica in the lung 7 days after infection.

These results provide evidence to consider the 68Kd protein as a major 

protective antigen of B.bronchiseptica. Furthermore the finding that the 

68Kd preparations of B.bronchiseptica and B.pertussis contained adenylate 

cyclase activ ity  and the absence of this protein in a non-nasotrophic- 

strain of B.bronchiseptica (Dr. P. Novotny, unpublished results) suggests 

that this protein may be a virulence factor.

Taken together, the significance of these results in so far as prophylaxis 

and pathogenesis of AR of the pig is concerned can be summarised as 

follows:

1. The accumulated information about the 68Kd protein can be 

useful in the design of an in vitro quality control test for 

B.bronchiseptica vaccines. The test would essentially entail the 

detection and quantification of this protein using the MAB BB03. 

The test would operate on the assumption that those vaccines 

lacking or with a low content of the 68Kd protein would fa il to 

protect pigs against AR. Such a test would partia lly or to ta lly
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substitute the existing in vivo assays involving the use of large 

numbers of laboratory animals.

2. The 68Kd protein may be an ideal antigen for the serological 

evaluation of the immune status of a herd. The use of this protein 

would eliminate the problems of detecting either cross-reacting 

antibodies or a n ti-B.bronchiseptica antibodies which are not 

relevant fo r protection against AR. An alternative approach 

would be the use of MAB BB05 in competition assays with pig sera 

assuming that the BB05 specificity is contained within the pig 

antibody repertoire.

3. A t the present time there is no clear explanation as to how 

B.bronchiseptica infection results in atrophy of the turbinate 

bones in the nasal cavity of pigs. The tentative identification of 

the 68Kd protein as the B.bronchiseptica adenylate cyclase 

provides a new insight to this question. A B.bronchiseptica 

induced rise in the levels of intracellular cyclic AMP in the 

turbinate bones may provide the triggering signal fo r the atrophy 

of these bony structures.
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APPENDIX A (PRODUCTION OF MONOCLONAL ANTIBODIES

1. PLASTIC WARE:

Plates:

a. Costar/24 well (Costar, 3524)

b. M icrotitre/96 well (Linbro, 7600305)

c. Linbro/12 well (Linbro, 7605305)

Flasks; •

a. 250ml (75cm2) (Lux, 5375)

b. 25cm2 (Falcon, 3013)

Tubes:

a. 50ml graduated, capped (Falcon 2070 F)

Petri dishes:

a. 90mm (Sterilin, 304V)

2. MEDIA:

RPMI/FC5:

a. RPMI-1640 with glutamine - IX (Gibco): 1 bottle (500ml)

b. Foetal C alf Serum (Gibco): 50ml.

c. Penicillin (40,000 I.V./m l) plus Streptomycin (20,000 I.U./m l): 

5ml.

HAT/RPMI/FC5

a. RPMI/FCS
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b. Hypoxanthine (BDH, Chemicals): O.lmM

c. Thymidine (BDH, Chemicals) 15mM

d. Aminopterin (Sigma) 0.43 pM

Stock solutions:

- Hypoxanthine + Thymidine (1Q0X):

Hypoxanthine: 272 mg were disolved in 70ml of 0.1N NaOH. The 

volume Was made up to 150ml w ith water.

Thymidine: 77.6mg were dissolved in 20ml of water.

The hypoxanthine and thymidine solutions were mixed and the 

volume made up to 200ml with water. The mixture was 

sterilized by filtra tio n , aliquot in 6ml volumes and stored at 

-20°C. One aliquot was sufficient for one 500ml bottle.

- Aminopterin (100X):

3.82 mg were dissolved in 2ml of 0.1N NaOH and the volume was 

made up to 200ml w ith water. The solution was sterilized by 

filtra tio n , aliquot in 6ml volumes and stored at -20°C. One 

aliquot was sufficient for one, 500ml bottle.

HT/RPMI/FCS:

a. RPMI/FCS.

b. Hypoxanthine: O.lmM

c. Thymidine: 15mM

201

HANKS/HEPES:
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Hanks balanced salt solution:

- Sodium chloride

o•CO gr

- Potassium chloride 0.4 gr

- Potassium dihydrogen phosphate 0.06 gr

- 20% Calcium chloride solution 0.7 ml

- Magnesium sulphate 0.1 gr

- Magnesium chloride 0.1 gr

- Disodium hydrogen phosphate 0.048 gr

- Glucose 1.0 gr

- 1% Phenol red solution 2.0 ml

- Distilled water to 1 litre

b. 1M N-2 Hydroxyethylpiperazine-N'-2-ethanesulphonic acid 

(Hepes): 1ml

3. ACCESSORY TECHNIQUES 

Viable Cell Count:

The method used was exclusion of trypan blue.

1. One volume of the cell suspension was mixed w ith one volume of 

1% trypan blue in water.

2. The mixture was loaded in a haematocytometer and the number

of viable (unstained) cells in 1mm counted.

The total number of viable cells per ml was calculated as follows:

2 4No of viable cells in 1mm x 10 x dilution.

Polyethylene-Glycol (PEG) Preparation

One gram of PEG 1300 (BDH Chemicals) was boiled for 10 minutes. 

Before PEG cooled down 1.4 ml of 15% dimethylsulphoxide (DMS0) in
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RPMI 1640 was added. PEG was kept at 37°C until used.

Storage of Cells

Hybridomas were grown at low density (5x10^ cells/ml) in RPMI/FCS. 

Cells were harvested when they were growing rapidly (log-phase) and 

viability was high. The cultures were centrifuged at 200g for 3 

minutes, the supernatant discarded and the cells resuspended in 

FCS/7% DMSO at a concentration of 2x10^ cells/ml. Cells were 

dispensed in freezing ampultas (1ml per ampulla and placed in a metal 

rack on top of cardice in a polystyrene box. The box was kept in a 

freezer (-20°C) for 2 hours or overnight and subsequently the ampules 

were transfered to liquid N2 tanks or a -70°C freezer.

Thawing of cells:

The freezing ampullawas placed in a water bath at 37°C. Immediately 

after thawing cells were suspended in 10ml of RPMI/FCS and 

centrifuged at 200g for 3 minutes. Cells were set up in 4 to 6 serial 

two-fold dilutions in 0.5ml RPMI/FCS in Costar plate wells. A fte r 

overnight incubation at 37°C volumes were made up to 2ml per well. 

Cells were expanded from optimally growing wells and antibody 

production was tested.
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APPENDIX B (PREPARATION OF IMMUNOGENS AND BLEEDING OF MICE)

1. IMMUNOGENS USED TO IMMUNIZE MICE FOR FUSION PURPOSES

1.1 B. BRQNCHISEPTICA (CSA) IN FCA OR FIA

One volume of a solution of CSA (containing 30pg in 250ml of PBS per 

mouse immunized) was added to one volume of FCA or FIA (Difco 

Laboratories). The mixture was mixed on a homogeniser (MSE-E2537) 

at 14,000 rpm for two minutes. To test that the emulsion was properly 

formed a drop was applied to water, i f  the drop remained in tact (did 

not spread out) the emulsion was ready for use. Mice were ip injected 

with 0.5ml of the emulsion per mouse.

1.2 B. BRQNCHISEPTICA (CSA) IN ALHYDROGEL

One volume of a solution of CSA (containing 30pg in 250ml of PBS per 

mouse immunized) was mixed with one volume of A1 (OH)^ gel 

(Alhydrogel, Superfos'a/s, Denmark) containing lm g of A1 per ml. The 

mixture was incubated for 2 to 4 hours at RT before being used.

Each mouse was immunized ip w ith 0.5 ml of the m ixture..

2. IMMUNISATION WITH 68KD ANTIGEN

2.1 68KD ANTIGEN IN CFA OR IF A

To prepare the emulsion the following formula was followed:

a. 35% of 68kd antigen in water (This solution was prepared in such 

a way to contain either 5, 10 or 25pg in 250pl of emulsion).

b. 63% of CFA or IFA (Difco laboratories).

c. 2% of Tween 80 (polyoxyethylene (20) sorbitan mono-oleate, 

BDH Laboratory Reagents).

The emulsion was mixed and tested as described in section 1.1 of this 

appendix.
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2.2 68KD ANTIGEN IN ALHYDRQGEL

This was prepared as described in section 1.2 of this appendix. Each 

mouse was injected ip w ith 0.5ml of the mixture containing either 5 or 

25 pg of 68kd antigen.

2.3 68KD ANTIGEN IN SAPONIN

One volume of 68kd antigen in water (containing 200pg/ml) was mixed 

with one volume of saponine (Food Industries, Ltd.) containing

0.5mg/ml of saline. Each mouse was ip injected w ith 0.1 ml of the 

mixture thus receiving 10pg of 68kd antigen and 25pg of saponin.

3. BLEEDING OF MICE AND PREPARATION OF SERA

Mice were anesthesized with ether and blood drav/n from the ocular 

senus using a capillary Pasteur pipette. Blood was incubated overnight 

at 4°C followed by centrifugation at 200g for 5 minutes to separate

the serum.
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APPENDIX C (SDS-Poly-acrylamide-electrophoresis)

1. ASSEMBLING OF THE CASSETTE

Two glass plates 15.5 cm x 15.5 cm separated by two 1 mm thick 

plastic spacers were stuck together using a sticky tape. The bottom of 

the cassette was sealed with melted 1% agarose in 1M tris-H C l buffer 

pH 8.8.

2. PREPARATION OF THE SEPARATING GEL

A 12% gel was made by mixing the following constituents:

(a) 12 ml of a acrylamide solution. This solution contained 30% 

acrylamide (Sigma) and 0.8% NN'-methylene bisacrylamide (BDH 

Laboratories Reagents) in water.

(b) 11.2 ml of 1M tris-H C l buffer pH 8.8.

(c) 7 ml of distilled water.

(d) 100 pi of a 10% amonium persulphate solution in water.

(e) 25 pi of NNN' N'-Tetramethylelethy-lenediamine (TEMED).

The last two components were added immediatly before the gel was

3. PREPARATION OF THE STACKING GEL

A 4.5% gel was made by mixing the following constituents:

(a) 1.5 ml of acrylamide solution (see 2 (a)).

(b) 1.25 ml of IM tris-H C l buffer pH 6.8.

(c) 7.25 ml of water.

(d) 50 pi of a 10% amonium persulphate solution in water.

(e) 10 pi of TEMED.



CASTING THE GEL

Twenty to twenty five ml of separating gel were pipetted into the 

cassette. The cassette was clamped w ith two large bull-dog clips and 

kept upright in a trough. Water was overlayed to provide a straight
b y 

line surface. Once the gel had polymerised, the water was removed y

and about 5 ml of stacking gel were pippetted. A plastic comb (14 to

20 slots) was pushed into the stacking gel and removed after the gel

had set. A gel prepared in this way was used immediately or was kept 
*
i n a humid chamber for 3 or 4 days. (y

PREPARATION OF THE SAMPLES

Sample buffer

10% SDS in Water 3.0 ml

IM Tris HC1 buffer pH 6.8 4.8 ml

Glycerol 6.0 ml

Water 10.2 ml

To 4 volumes of sample buffer, one volume of 1M dithiothreitol (DT.T) 

in distilled water was added. Samples, usually containing from 3 to 

30|ig of protein in 10 to 30pl of PBS were mixed with lOpl of sample 

buffer and 3 to 5pl of 0.03% bromophenol blue. The volume of the 

sample was made up to 40pl w ith water and the sample boiled in a 

water bath for 5 minutes.

CQMASSIE-BLUE STAINING

The gel was treated in the following way:

(a) Fixed fo r 30 minutes in the following solution:



25% Isopropanol 

10% Acetic acid
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65% Water

(b) Stained overnight at RT in a mixture containing 190 ml of 

staining solution (50% methanol, 10% acetic acid and 40% water) 

plus 10 ml of 1% comassie blue (BDH Biochemicals, PAGE blue 

8.3) in water

(c) Destained at 56°C for 1 to 3 hours on a shaking water bath on a 

solution containing 50% methanol, 10% acetic acid, 85% water 

plus 50% Dowex-50W (Cation Exchange Resin, Sigma).

(d) Soaked overnight in a preserving solution containing 50% 

methanol, 10% glycerol and 40% water.

(e) Dried between a sheet of f ilte r  paper and a sheet of celophain on 

a gel drier (Gel Slab Drier GDS-4, Pharmacia) connected to a

vaccum pump.
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APPENDIX D (IODINATION OF ANTIBODIES)

The method here described (Iodogen method) was used to iodinate the 

(Fab)2 fragment of a rabbit anti-mouse-antiserum (RAM) used in RIA 

and immunoelectroblots, a goat-anti-rabbit antiserum used in RIA and 

the MABs BB05 and BB07 (globulin fraction) used in competition RIA.

RAM was produced by immunization of rabbits with NH^S04 

precipitated mouse Ig. The rabbit antiserum was precipitated with 

NH4S04, the Ig fraction purified on a mouse Ig-based a ffin ity  

chromatography column and subsequently digested with pepsin to 

prepare the (Fab^ fragment.

The goat-anti-rabbit antiserum was produced by immunization of a 

goat w ith NH4S04 precipitated rabbit Ig. The goat antiserum was 

NH4S04 precipitated to obtain the globulin fraction.

IQDOGEN METHOD:

MATERIAL:

a) Iodogen T ubes

Iodogen (1,3,4,6 tetrachloro-3a 6a diphenylglycolyril, Pierce 

Chemicals) was disolved in dichloromethane at a concentration of
oh

O.lmg/ml. Twenty five pi of this solution was transferred to a 1.3ml 1

Eppendorf conical plastic tube (Hughes & Hughes Ltd). The tube was 

rotated at an angle fo r 2 to 3 minutes at RT to coat the inside of the 

vial. The tubes were stored frozen for several weeks.
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b) Sephadex G-25 (Fine) column

A 10 cm bed volume column was constructed on a 10ml plastic syringe. 

A circle-of glass microfibre f i lte r  (Whatman, GF/B) was placed at the 

bottom and top of the column. The column was equilibrated w ith PBS 

containing 0.1% of BSA.

U'Aj

METHOD:

a) The antibody to be iodinated was diluted at a concentration of
D l f;\

lmg/ml of PBS.* Between 50 to lOOpl of this solution was transferreAto ;

125an Iodogen tube and one mCi of I (Sodium Iodide, Amersham, UK)
i

was added.

b) The tube was capped and the content mixed every minute for 10 

minutes.

c) The volume was made up to 500|il w ith PBS/0.1% BSA and loaded

into the sephadex G25 column. Ten 1ml fractions were collected.

Using a Geiger counter the peaks containing the iodinated antibody

125(usually between fractions 3 and 5) and free I was established and 

the former pooled.

125To determine the amount of I bound to the antibody the following 

procedure was applied:

a) The iodinated antibody was diluted 1:100 in 1ml of PBS/0.1%

BSA. One ml of a 20% solution of trjcloroacetic acid in water was 

added and the tube incubated for 2 hours or overnight at 4°C.

b) The tube was centrifuged at 200g for 5-10 minutes and the

radioactivity of the protein-pellet and supernatant counted. The

125amount of bound I was expressed as percentage of the radioactivity

in the pellet.
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APPENDIX E (PROTEIN DETERMINATION, LOWRY METHOD)

The method employed was a modification of the Lowry method 

described by Hartree (1972).

MATERIAL:

- Solution A: 2 gr of potassium sodium tartra te  and igr of ^ £ 0 0 ^

were disolved in 500ml of IN  NaOH and diluted with water to 1 lite r. 

(Stored in a polyethylene bottle at RT).

- Solution B: 2 *gr of potassium sodium tartra te  and lg r  of CUSO4 .5H 2O 

were dissolved in 90ml of water and 10ml of IN  NaOH were added. 

(Stored as Solution A)

- Solution C: 1 volume of Folin and Ciocaltus phenol reagent (Sigma) 

diluted with 15 volumes of water (this solution should be prepared 

daily).

METHOD:

The assays were carried out in 100 x 16mm screw-capped test tubes 

(Sovirel).

a) Protein samples were diluted to 1ml with water and treated with

0.9ml of solution A. A blank and three standards (containing 0,25 and 

50|ig of BSA/ml) were set up in the same way.

b) The tubes were placed in a water bath at 50°C for 10 minutes, 

cooled to RT and treated w ith 0.1ml of solution B.

c) The tubes were incubated at RT for at least 10 minutes, then 3 

ml of solution C were forced in rapidly to ensure mixing within 1 

second.

d) The tubes were heated at 50°C for 10 minutes and cooled to RT.
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e) Absorbance was read at 650mm in a Perkin-Elmer 

spectrophotometer.

To calculate the protein content of the samples, a calibration curve 

was constructed by plotting the OD of the standards against protein 

concentration. The protein concentration of the samples was read o ff 

by interpolating the corresponding OD on the calibration curve.
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