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FOREWARD

The recent isolation of mycobacteria from Crohn's disease (CD) has
caused worldwide interest. However, many more isolates of unidentified
acid fast forms have been reported from CD tissue than mycobacterial
isolates themselves. The hypothesis exists that these may be an
alternate physical form of Mycobacterium. This possibility formed the

basis of the investigations in this thesis.



ABSTRACT

The experimental work done consists of three components. First,
the isolation of extremely slow growing pleomorphic acid fast organisms
(PAFOs) from mesenteric 1lymph nodes of cases of Crohn's disease
(17/25) and Ulcerative Colitis (11/15) . This is statistically
significant compared to controls (3/17).

Second, the wviability of the organisms was proved by their
repetitive re-isolation on subculture, and the organisms were shown to
have DNA. Similar organisms previously isolated and maintained since
1976 were viable after several years in culture. This high isolation
rate of apparently identical organisms from Ulcerative colitis (UC) as
well as Crohn's disease (CD) has not been reported by other groups.

The third aim of this thesis was to characterise the acid-fast
organisms to determine if the organisms belonged to the genus
Mycobacterium and were indeed homogeneous. Electron microscopy showed
that the isolates had a cell wall.

An extremely useful DNA extraction technique applicable to all
bacteria, mycobacteria and IBD-derived acid fast organisms tested is
described. 21/33 PAPO derived DNA samples hybridised with probes
prepared from the DNA of Mycobacterium kansasii and Mycobacterium
paratuberculosis on dot blot hybridisation. Cloned probes prepared from
PAFO DNA did not show hybridisation with a specific mycobacterial
species.

Investigation for the presence of tuberculostearic acid by gas
chromatography and mass spectrometry suggested its presence in 13/16
CD cultures, 6/10 UC cultures and 3/8 control cultures which grew the

acid-fast organisms.



The relationship of the bacteria to mycobacteria were further
investigated by protein analysis, analysis for the 30 kDa Fibronectin
binding antigen and mycolic acid analysis. A few CD cultures showed
the presence of the 30 kDa antigen and mycobacterial mycolates.

Despite attempts to find alternative culture methods for higher
yields, Robertson's cocked meat broth remains overall the best
available medium for the growth of these organisms.

In conclusion, the organisms show many mycobacterial markers. The
association of these bacteria with IBD is certain but their
aetiological role remains unproven. The work has been brought forward
to a stage where DNA has been amplified for nucleotide sequencing and a
long term study in nude mice has been initiated in an attempt to

establish an animal model.



Title Page

Foreward

Abstract

Table of Contents
List of Tables

List of Illustrations

Bcknowl edgements

CONTENTS

CHAPTER 1: Introduction and review of the literature

CHAPTER 2: Purpose of present research

CHAPTER 3: Section A

A2

A3

Section B

Section C

c.1

Section D

CHAPTER 4: Section A

Section B

Racteriological culture of pleomorphic

acid-fast organisms(PAFOs) from patients

with Inflammatory Bowel Disease (IBD)

Bacteriological culture of mesenteric
lymph nodes

Culture review

Selection of cultures for further work
Results of subculture

Selection of suitable cultures from

1976 series for further work

Culture of standard mycobacteria in
Robertson's cooked meat broth (RM)

Use of uninoculated ROM broth as a
negative control

Electron microscopy

Preparation of DNA Bank I - comprising
35 bacterial genera

Isolation of DNA from the PAFOs
cultured.
Preparation of DNA bank II

Page

N

w

11

13

58

88

91

93

926

118



CHAPTER 5: The use of DNA probes to examine the PAFOs
isolated

CHAPTER 6:

CHAPTER 7:

CHAPTER 8:

References

Appendix

Section

Part 1

Part 2

Part 3

Section

B

Selection of Mycobacterial probes

Investigation to see if RCM DNA
reduced probe signal

Use of PAFO DNA (DNA Bank II) in
dot blotting and Southern blotting

Preparation of probes from DNA
obtained from PAFOs

Investigation for the presence of Tuberculostearic
acid in the IRBD derived cultures

Further
Section
Section

Section

Section

Section
Section

Section

General

studies to characterise the PAFOs isolated

).

B

Q

Mycolic acid analysis
Western blotting

Search for secreted proteins from the
IBD-tissue derived organisms

Search for Fibronectin-binding antigens
(a 30kDa protein) using ELISA

Tissue Culture
Use of a Microaerophilic Culture System
Initiation of a long-term in vivo study

of the pathogenicity of the PAFOs in
nude mice

discussion and further work

126

126

150

159



LIST OF TABLES

Table

—

w

w

[PM]

N

N

Page

21

76

86

86

87

89

110-112

122-123

140-141

154-155

Incidence of Crohn's Disease (CD) and Ulcerative
Colitis (UC) per 100,000 Population

Incidence of Crohn's disease in Ashkenazi Jews per
100,000 population

% Adult Lactase Deficiency in Jews

Mycobacterial Isolates from Patients with CD

Isolation of Unidentified Acid-Fast Organisms or
Spheroplasts from Patients with CD, UC and Other

Bowel Diseases

Numbers of Cultures Investigated

Numbers of Cultures Positive for Pleomorphic acid
fast organisms (PAFOs)

RM (Robertson's cooked meat broth) Culture Results
Comparison of New and 0ld Series (RCM Cultures)
Results of Subculture from RM and LJ

0ld (1976) cCulture Series: Numbers of Cultures

Investigated

DNA Yields from Bacterial Strains

DNA Yields from PAFOs

Dot Blot Hybridisation Results with Mycobacterial
probe pMBrlé
Details of IBD Samples used for Dot Blotting with

Mycobacterial Probes



~N 3

N

N

N =

169

171

-
e}
(6,}

198

Use of a Cloned Probe from PAFO DNA (from a CD

Patient D.H.) Dot Blot Hybridisation results

Use of a Cloned Probe from PAFO DNA (from a €D

Patient A.C.) Dot Blot Hybridisation results

Peaks from the Mass Spectrum of Methyl
Tuberculostearate (TSA)

TSA analysis : Final results

) ELISA results: 30 kDa protein assay
)



LIST OF ILLUSTRATIONS

(W]

W

wn

B

8}

(PN

(]

8]

[

N

Page

[be]
N

[5¢]
w

109

143

144

149

151

156

Appearance in RM Culture of Mycobacteria and

Pleomorphic Acid Fast Organisms (PAFOs)

Uninoculated RM Rroth - ZN Stain

) PAFOs - ZN stain

) PAFOs - ZN stain

) Acid Fast organisms from CD culture (Patient
D.H.)

Electrophoresis of Undigested DNA Samples from

Various Bacterial and Mycobacterial Species

Restriction Endonuclease (RE) BAnalysis of Five

Bacterial Species

RE Analysis of 19 Myccbacterial Species

Undigested DNA from IRD Cultures: gel

electrophoresis

Dot Blot Apparatus (Bio-dot)

Dot Blot Hybridisation with Probe ppl07 (from
M . kansasii)

Dot Blot Hybridisation with Probe pmB20 (from
8. paratuberculosic)

Apparatus for Southern Blotting

Dot Blot Hybridisation with Probe pmB22 (from
insertion sequence of 4. paratuberculosis)

Effect of ROM DNA on Dot Blot Hybridisation results
Dot Blot Hybridisation of PAFO DNA with #. kfansasii

derived probe ppl07



O 0

6.10

6.11
6.12

7.G.1

158

166

186

187

188

189

190

191

192

Southern Rlotting using Mycobacterial Probe pMBrlé
Southern Blotting using Cloned PAFO DNA -

DNA derived from a CD Culture (Patient E.B.)

TSA (Tuberculostearic Acid) analysis Using Gas

Chromatography (GC) - Flame Ionisation Detection

GC-MS: TIC (Total Ion) and Extracted Ion Profiles

(EICP) for Standards

GC-MS: Nonadecanoic Acid Peak

GC-MS: Mass Chromatograms for Controls

GC-MS showing: CD Culture Derived TSA Peak

Comparison of Mass Spectra of CD Culture Derived

TSA and that of 4. tuberculesis

Single Ion Monitoring results

g Representative Chromatograms - Extracts from
CD Culture

Non-IBD Culture Extract - GC-MS analysis

iNegative Ion Chemical Ionisation Data

Mycolic Acid Structure and Basis of Phase Transfer
Catalysed Esterification

Mycolic Acid Traces on HPLC

Western Blot Analysis

Autoradiograph of 35S Methionine labelled Proteins
Tissue Culture Appearance of PAFOs

Nude Mouse inoculated with PAFO culture

10



ACKNOWLEDGEMENTS

I would like to express my sincere thanks and gratitude to Dr J L
Stanford, for his invaluable guidance, patience and encouragement
during the period of research which led to this thesis. His kindness
and consideration towards me never faltered. I have been most
fortunate and priviledged to have had the opportumity to work with
him. I shall value his teaching always.

Professor J .E .Lennard-Jones kindly afforded me every assistance
throughout this work. The collection of specimens from St Mark's
Hospital was made possible by him. His unfailing support and wisdom
was a constant source of encouragement and this project would not have
been possible without him. His continued input made it possible to
carry on with this work beyond the scope of this thesis.

Dr David Minnikin showed me every kindness during my time in his
laboratory at the University of Newcastle-upon-Tyne. Despite numerous
commitments, his hospitality and encouragement made possible a close
collaboration between two laboratories which were many miles apart.
His help in biochemical aspects was invaluable.

Professor 1. Hermon-Taylor made freely available to me the
facilities in his laboratory. Dr J. McFadden and Dr M. T. Moss were a
constant source of help in molecular biological aspects of the work.
Dr Moss performed the cloning of DNA and probing using radiolabelled
probes, using DNA samples provided by me. To him, I am most grateful.
The following provided invaluable help:

The surgical staff and patients at St Mark's Hospital by providing
me with the lymph node specimens.

Mr Graham McIntyre, Mr Harry Hammill and Dr John Holton in
microbiological aspects of the work.

Dr R. Burnham clarified early aspects of the work.

11



Dr R. Dourmashkin performed the electron microscopy on specimens
provided by me.

Dr Graham Rook,Dr Christiane Rbou-Zeid and Miss shilpa Ghelani in
immunological aspects of the work.

Mr Mo Sharif in Western blotting.

Miss Vanessa Furst in the work with secreted protein patterns.

Dr Bob Cox for amplifying the DNA provided by me, and starting on
the nucleotide sequencing.

Dr B R Chatterjee for teaching me his redox culture system.

Dr John Honour made available to me his gas chromatography-mass
spectrametry machine and Miss Monica Schneider, his PhD student
taught me how to use it. I am grateful also to Miss Joanna Bellin
for her constant help and advice on biochemical aspects.

Mr Bob Bolton helped me with mycolic acid analysis and prepared the
rentafluoro benzyl esters for negative ion spectrometry.

Dr Anthony Mallet performed the negative ion mass spectrometry and
I greatly appreciate his confirmatory work.

Dr Dilip Banerjee and Dr Denise McDermott for initiation of the

nude mouse project.

The British Digestive Foundation and the National Asscociation for

Colitis and Crohn's disease kindly provided financial support.

I am deeply grateful to my parents and my sister for their caring love
and support all along. My little son, Amrit has endured many hours
away from me whilst the work for this thesis was done. My husband has
patiently kept him happy and amused, despite heavy professional

commitments. It is to my husband that I dedicate this thesis.

12



CHAPTER ONE

SECTION 1: INTRODUCTION

Inflammatory bowel disease (IBD) is a collection of diseases
affecting the bowel, the most common of which are Ulcerative
Colitis and Crohn's Disease. Others include amoebic and bacillary
dysenteries and tuberculous enterocolitis. Although IBD is neither
common nor fatal, it is important as a medical condition, because
its highest incidence is early in life - in the late teens and early
twenties, its treatment involves major surgery including a possible
colectomy for ulcerative colitis, and having the disease
increases the risk of intestinal carcinoma certainly for
ulcerative colitis and less so for Crohn's Disease cases.

There is much confusion over the relationship between Crohn's
disease (CD) and ulcerative colitis (UC). Some gastroenterologists
believe they are two distinct entities and others believe they are
two ends of the same disease  spectrum. Therefore, an investigation
into a possible aetiology for Crohn's disease would not be complete

without mention and inclusion of ulcerative colitis.

CROHN'S DISEASE

Crohn's disease (CD) was first described as a clinical
and pathological entity by Crohn, Ginzburg and Oppenheimer in
1932. However, CD may first have been described as early as 1806
or even earlier (Kirsner, 1984). Undoubtedly, a surgeon from Glasgow,
Sir T Kennedy Dalziel, described a condition "Chronic Interstitial
Enteritis" in 1913, which was almost certainly a description of

Crohn's disease.
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DEFINITION

CD 1is a chronic granulomatous inflammatory disorder, principally
of the terminal ileun and also large intestine, but lesions may
occur in any part of the alimentary tract. Recurrent disease,
even years after resection of all macroscopic disease, is well
recognised. The disease is characterised by chronic inflammatory

infiltrates and fibrosis, affecting all layers of the bowel.

PATHOLOGY OF CROHN'S DISEASE

Macroscopically, the bowel is engorged and ocedematous. The mucosa

is ocedematous showing a 'cobble-stone' pattern with linear
ulceration and fissuring. The changes are patchy with the change
from normal mucosa to the affected part being abrupt. Skip
lesions are characteristic. Affected lymph nodes are enlarged and

the mesentery thickened.

MICROSCOPIC APPEARANCE

Inflammatory change invelves all coats of the bowel wall. Focal
lymphocytic infiltration is most prominent in the submucosa. There
is oedema and hyperplasia of the lymphoid feollicles. Non caseating
epithelioid-cell granulomas occur in about 60% of cases and
resemble closely those of sarcoidosis. They may occur in all layers
of the bowel wall and even in the mesentery and mesenteric lymph
nodes. Most often, they are found in and around lymphatic
channels.

Marked oedema, especially in the submucosa occurs due to
lymphatic obstruction. Fibrosis is prominant in chronic cases.
Fissures arise fram ulcer bases and may penetrate the whole thickness

of the bowel wall.
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CLINICAL FEATURES

Many diseases may be mimicked, and features vary in part depending
on the site and extent of bowel affected. In an acute form, the
picture may be identical to that of acute appendicitis. However,
usually intermittent abdominal pain in the right lower quadrant of the
abdomen and diarrhcea are the main symptoms. A mass due to
inflammed loops of bowel, with or without an abscess, and subacute
intestinal obstruction is common. Other features include weight
loss, a low- grade fever, moderate anaemia, perianal disease
(skin tags, perianal abscesses and fistulae) and
malabsorption. Most cases have a chronic course with exacerbations
and remissions. Extra-intestinal manifestations include
arthritis, ankylosing spondylitis, iritis, aphthous stomatitis and

erythema nodosum.

CANCER RISK

Colorectal carcinoma (CA) occurs more camonly in CD patients than
in the general population. Like UC, colorectal CA occurs at the
site of macroscopic disease in patients with extensive colitis of
long standing. There is also a small risk of upper
gastrointestinal (GI) tract cancer (pharynx, oesophagus, stomach).
Although there is a definite statisticlly increased risk of cancer,

the absolute numbers remain small.

GENERAL, MANAGEMENT OF CROHN'S DISEASE

CD is a chronic condition with remissions and relapses over

many  years. Problems are managed as they arise. Vitamin, folate
and iron defeciency are corrected. Diarrhoea is relieved with
codeine phosphate or a suitable alternative. A low residue diet

reduces the frequency of intestinal colic. A low fat diet is

required when malabsorption occurs.

15



DRUG TREATMENT

Drug treatment consists of corticosteroids and sulphasalazine
for acute disease. Immunosuppressive agents, such as azathioprine
are used in patients unresponsive to other forms of therapy.

In contrast to colitis oral antibiotics may be of some benefit.
Oral metronidazole is only of proven value for short term treatment.
Also in patients with severe perianal disease, oral metronidazole

is useful for relieving symptoms in the short temm.

SURGICAL TREATMENT

70-80% of patients require surgical treatment. Surgery is
required for obstructive symptoms due to fibrous stricture, abscess
formation, enterocutaneous fistulae and failed medical treatment. In
most patients, the interval between diagnosis and resection is
short (approximately 5 years). Recurrence may occur especially

at/or around the site of a previous anastomosis.

MORTALITY

Factors contributing to a two fold excess mortality among CD
patients include diffuse small bowel disease, post operative sepsis
(this can be minimised with per operative antibiotic

prophylaxis), pumonary embolus and coleorectal CA.

CROHN'S DISEASE IN CHILDHOOD

Diffuse small bowel disease and recurrence are more frequent
than in adults. Growth and height retardation including
corticosteroid-induced growth stunting are particular problems of CD

in childhood.

16



ULCERATIVE QOLITIS

Again, 1like CD, the cause of this condition is not known. It may
be difficult to distinguish (particularly in the early stages) from

Crohn's disease of the colon.

DEFINITION
UC is a recurrent inflammatory and ulcerative disease of the colon
and rectum characterised clinically by rectal bleeding, diarrhoea,

cramping abdominal pain and weight loss.

PATHOLOGY OF ULCERATIVE COLITIS

UC typically involves the sigmoid colon and rectum. The entire

colon 1is affected in about half the cases. The terminal ileum may be

inflamed. The colonic mucosa is deeply congested and  bleeds
easily. Punctate erosions herald the onset of ulceration. Retween
the ulcers, especially in chronic cases, the surviving mucosa

becomes swollen and hyperplastic' giving the appearance of pseudo-
polyposis. Fibrosis may finally cause the colon to behave like a

rigid tube.

MICROSCOPIC APPEARANCES

Unlike CD, it is the mucosa which is primarily involved in UC.
During active phases, it is congested and densely infiltrated with
leucocytes and plasma cells. Crypt abscesses are
characteristic. They are an accumulation of neutophils,
eosinophils, red cells and mucus within crypt lumina. Ulceration is
produced by coalescence of ruptured crypt abscesses and seldom
extends more deeply than the subwmucosa. The base is formed by

vascular granulation tissue. There is goblet cell depletion.
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CLINICAL FEATURES

The principal symptom is diarrhoea with loose bloody stools

containing mucus. Tenesmus, pain or lower abdominal discomfort
on defaecation, bleeding per rectum due to proctitis, malaise,
anorexia and weight loss may occur. Most cases have a chronic

relapsing course with exacerbations and remissions but some cases

are mild and possibly self-limiting. Exhausting diarrhoea with
fever, tachycardia and dehydration, or toxic dilatation represent
severe forms of the disease. Systemic complications include
arthropathy, ankylosing spondylitis, aphthous stomatitis,

erythema nodosum, pyoderma gangrenosum, cholangitis, hepatitis and

septicaemia with gram negative bacteria.

CANCER RISK

The development of CA of the colon is a considerable risk,
especially if there is entire colonic involvement, early disease
onset (as a child) and presence of disease for more than ten years.
There is an individual risk of 1/200 of carcinoma in ulcerative
colitis of ten years duration between the tenth and twentieth year

(Rhodes and Mayberry, 1986).

GENERAL, MANAGEMENT

Patients with severe bowel symptoms, weight loss, anaemia, fever

and tachycardia are admitted for correction of dehydration and

electrolyte deficiencies, anaemia and hypoprotinaemia. A low
residue diet is given. Antibiotics have no special place in the
primary management of UC except if septicaemia occurs. Codeine

phosphate is used for diarrhoea.
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DRUG TREATMENT

Active disease is controlled by steroids and sulphasalazine.
Rectal preparation of these drugs are useful. Sulphasalazine is

particularly useful in maintaining clinical remission.

SURGICAL TREATMENT

Emergency surgery is indicated for colonic perforation and
toxic dilatation. BRcute UC which fails to respond to medical
treatment or relapses is an indication for proctocolectomy. In
long standing cases, the risk of carcinoma is a further indication
for surgery. Operation usually implies total proctocolectomy with

permanent ileostomy.

MORTALITY
The overall mortality rate is twice the expected value.
Extensive colonic involvement, major surgery and carcinoma are the

main contributary factors.

DIFFERENTIATION OF ULCERATIVE COLITIS FROM CROHN'S QOLITIS

These two conditions can be differentiated in at least 80%
of patients (Lockhart-Mummery and Morson, 1960; Kirsner, 1975),
however neither disease has pathognomonic findings present in  every
case of the one and absent in every <case of the other.
Differentiation may be difficult because of a limited
morphological response of the colon to disease or the occurrence of
an "indeterminate' colitis with features of both UC and CD. The
simultaneous presence of UC and CD probably occurs (Eyer et al,

1980), but is difficult to document (Lockhart-Mummery and Morson, 1960).
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SECTION 2: CLUES TO THE AETIOLOGY OF CRCHN'S DISEASE
I. EPIDEMIOLOGY OF CD

Wherever relevant, I have included mention of UC specifically, or
IBD where both CD and UC are considered together.

CD occurs most often in USA, UK, Scandinavia, is less frequent
in Central Europe and the Middle East and is only occasionally
encountered in African, Asian and South American populations. The
overall incidence of CD has been steadily increasing worldwide over
the last few decades (see Table 1.1). Incidence and prevalence of
CD and UC has been reviewed by Calkins and Mendeloff, 1986.
Large increases in CD incidence rates are reported from Minnesota,
England and Wales, Clydesdale in Scotland, Norway, Finland and Israel.
North Tees, Scotland, Cardiff, Wales and Baltimore report either
stabilising or declining rates in the past decade after a sharp
increase in rates in the 1950's and 1960's.

Prevalence rates reported vary from 9 per 100,000 population
in Oxford, ©England (Evans and Acheson, 1965) to 56 per 100,000
population in Cardiff, Wales (Mayberry, Rhodes and Hughes, 1979).

Incidence rates for ulcerative colitis are also shown in Table
1.1. Calkins and Mendeloff, 1986, reviewed data on incidence and
prevalence. Incidence rates for Norway and North Tees in Scotland
have increased, rates for England and Wales, Israel and Denmark
have stablised after a steady increase over decades and rates in
Baltimore and Sweden show a decline. Prevalence rates vary from 66
per 100,000 population in Oxford, England (Evans and Acheson, 1965)

to 117 per 100,000 in Copenhagen, Denmark  (Binder et al, 1982).



TARLE 1.1

Age Adjusted Incidence Rates (per 100,000 population) of Crohn's Disease

and Olcerative Colitis

Place Time Period Incidence References

Crohn's Digease

Baltimore, USA 1960-1963 1.2 Monk et al, 1967
1977-1979 31 Calkins et al, 1984

Pifteen areas of 1973 2.4 Garland et 2l, 1981

the USA

Olmsted County, 1935-1954 8.4 Sedlack ot al, 1980

Minnesota, 0SA 1965-1975 13.5

Gothenburg, 1951-1955 1.2 Rewenter, Hulten & Kock, 1974

Sweden 1966-197¢ b

Cardiff, Wales 1936-1940 n.18 Mayherry, Rhodes & Hughes K 1979
1971-1975 4.83

Rlackpool, England 1971-1978 3.3 Lee § Costellq, 1985
1976-1980 6.1

Aberdeen, Scotland 1955-1957 1.2 Kyle, 1971
1970-1972 4.3 Kyle & Stark, 1980
1973-1975 2.6

Copenhagen, Denmark  1961-1969 1.3 Rinder ot al, 1982
1970-1978 2.1

Ulcerative Colitis

Raltimore, USA 1960-1963 3.0 Monk et 2], 1967
1977-1979 2.2 Calkins et al, 1984

Fifteen areas of 1973 1.5 Garland et 2], 1981

the USA

Cardiff, Wales 1968-1977 1.2 Morris & Rhodes, 1984

0xford, England 1951-1960 5.2 Evans and Acheson, 1965

Copenhagen, Depmark  1962-1978 8.1 8inder et al, 1982

.................................................................................................
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ETHNICITY

The 1incidence of CD is higher in Western populations. The
Jewish population is at higher risk of developin inflammatory
bowel disease (Acheson, 1960) and there is a remarkable predominance
in North American Jews.

The study of a migrant population of Ashkenazi Jews has provided
an opportunity to study differences in the incidence of CD by
geographical location and consider the effect of local environmental
influences on this population.

Gilat and Rozen, 1980 reviewed the data (Tables 1.2 and 1.3). There
is a wide variation in the incidence of CD among Ashkenazi Jews at
different geographical locations (Table 1.2). This suggests an
environmental factor(s), for if the basis was genetic as is
primary adult lactase deficiency, incidence figures are constant
regardless of the geographical location (Table 1.3).

The overall picture suggested is that the incidence of CD in
Ashkenazi Jews varies because of environmental influences. It also
seems that the incidence varies according to the general incidence of

CD in the local population.

SOCIAL FACTORS

A lower incidence in €D and UC has been suggested in rural

residents in Baltimore, Scotland and New Zealand; however, studies

in Britain and Scandinavia show no urban-rural differences
(review by Calkins and Mendeloff, 1986). No definite
conclusions have been drawn regarding the association of
socioeconomic factors and IBD incidence, but an association with

professional and managerial occupations has been suggested (Monk,

Mendeloff, Siegel et 51, 1969).

22



Incidence/105 of CD

Ashkenazi Jews General Population
Tel-Aviv (1970-76) 1.6 1.2
Basel (1960-69) 2.2 1.6
Cape Town (1970-74) 2.8 n0.8
Baltimore (1960-63) 7.2 2.5
Malmo (1958-73) 24.0 4.8

Review by Gilat and Rozen, 1980

Table 1.3

Adult lactase Deficiency in Jews (Genetic trait)

Tel-Aviv 66
Connecticut, USA 71
Vancouver, Canada 69

Review by Gilat and Rozen, 1980
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II. GENETIC FACTORS AND INFLAMMATORY BOWEL DISEASE

Several studies suggest genetic factors as a camnponent
of susceptibility. There are four main lines of evidence for this.
The first is ethnic variation. Epidemiological data  has
already been outlined. Secondly, IBD 1is associated with
specific genetically determined diseases including ankylosing

spondylitis (Moll, 1985), Turner's syndrome (Price, 1979) and

Hermansky-Pudlak syndrome (Schinella et al, 1980). Thirdly, there
have been reports in some populations of associations of IBD with
certain HLA antigens. Asakura, Tsuchiya, Aiso et al, 1982

reported an association between Japanese ulcerative colitis and

lymphocyte-DR2 antigen. However, there is no clear consensus at
present as to the firm existence of a relationship between HLA
antigens and IBD. For example, even though ankylosing spondylitis

is highly associated (80%) with HLA-B27, when anklyosing
spondylitis or sacroiliitis appears in IBD patients about 50% of
such patients do not possess the HLA-B27 haplotype (Van den Berg-
Loonen, Kekken-Saeys, Meuwissen et al, 1977).

Finally, familial aggregation of IBD has been extensively
docunented. The data does not fit a simple Mendelian pattern of
inheritance, but a positive family history in patients with IBD ranges
fraom 1-23% depending on the study (Mayberry, Rhodes and Newcombe 1980;
Farmer, Michener and Sivak 1981, Weterman and Pena 1984, Lashner et al
1986).

Familial association may be genetic or environmental in origin but
evidence for a genetic camponent certainly exists. Roth et a1 1989,
calculated age - corrected empiric risk estimates for IBD in Ashkenazi
Jews as 8.9% to offspring, 8.8% to siblings and 3.5% to parents and

suggested these figures could be used for genetic counselling and
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modeling. Apart from this increased risk in first degree relatives,
there is a high monozygotic twin concordance especially for Crohn's
disease (Weterman and Pena 1984). There is a higher risk of IBD in
children when both parents have IBD (Bennett, Rubin and Present 1988).
Also numerous instances of family members with onset of disease
separated greatly in time (Kirsner, 1973) and IBD in siblings living
geographically apart for many years (Farmer, Michever and Mortimer
1980) have been reported. There is a lack of increase of disease in
spouses .These reports are rare (Kirsner 1982) and are likely to be due
to chance (Farmer, Michever and Mortimer 1980; Whorwell, Eade,
Hossenbocus 2t 2! 1978b, Zetsel 1978).

Occurrence of CD and UC in the same family (Kirsner 1973) suggests
that CD & UC may represent variability of the same disease entity (i.e.

genetic pleiotropism) or they share one or more genes in common.

I11. OTHER AETIOLOGICAL THEORIES PROPOSED

Other causes postulated as aetiological factors include food
allergy, autoimmme  disease, defective immmoleogical and
other (eg mucus) defence mechanisms. Some investigators consider
that an autoimmme mechanism is indicated by the presence in the serum
of gut binding antibodies (Nagai and Das, 1981; Hibi et al, 1982 and
Chapman et al, 1986). Others consider an autoimmme mechanism may
occur because of the presence in the lamina propria, lymph nodes or
peripheral blood of lymphocytes, which recognise surface components
of gut epithelial cells (Aronson, Cook and Roche, 1983; shorter,
McGill and Bahn, 1984: Roche,Fiocchi and Youngman, 1985; Hunt and
Trotters, 1973).

Evidence for a role for food allergy (Wright and Truelove, 1965)

cames mainly from clinical improvement seen when patients are



given antigen depleted diets (Jones et al, 1985). Although
insufficient as single theories, collectively they probably do play
some part in the pathogenesis of CD but are unlikely aetiological

agents.

IMMUNOLOGICAL ASPECTS

Immmological disturbances do occur in CD. Treatment of (D
involves the use of immmosuppressive drugs, such as corticosteroids
and azathioprine. However, no immmological phenomena have been

found to explain aetiology or pathogenesis.

COMPLEMENT

BAbnormalities of complement have been demonstrated in Crohn's
disease. Release of chemotactic activity for neutrophils elicited via
C5a is subnormal (Elmgreen, Berkowicz and Sorensen, 1983). Increased
C3 catabolism has also been shown (Hodgson, Potter and Jewell 1977).
Elmgreen, Both and Binder (1985) suggested that complement
abnormalities seen in CD patients may not Jjust reflect mucosal
inflamation or hypercatabolism of complement. However the possible
pathogenetic significance of the complement abnormality is not known.
If tissue damage due to activation of the complement system was
occurring, then circulating levels of complement might be
diminished. However, there are no deficiencies in the major
canplement components or their regulators in inflammatory bowel
disease, and the significance of any complement abnormalities
described remains to be established (Tytgat and Mulder, 1986).

The occurrence of circulating immme complexes during severe
attacks of CD, is probably secondary to the activity of the
inflammatory process and not primarily related to aetiology (Tytgat and

Mulder, 1986).
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LEUCOCYTE ABNORMALITIES

A decrease of H202 production by neutrophils in active CD has
been demonstrated (Verspaget' et al, 1984). Leucocyte mobilisation to
skin windows was reduced in patients with CD compared to controls.
This finding was not correlated with disease activity, duration or
localisation of the disease (Wandall and Binder 1982).

Allan and Hodgson (1986) suggest that the migration of neutrophils
to the gut in IBD (Saverymuttu et zl, 1986) simply leaves behind an
abnormal population for study elsewhere. This would then account for
the accepted defect in granulocyte migration (Wandall and Binder,
1982) observed, which however does not have a role in the disease. The
migration of the polymorphonuclear cell leucocytes through the gut wall
into the lumen with colonic inflammation has been postulated to be due
to chemotactic peptides from intestinal bacteria (Le Duc et al, 1987;
Granger et al, 1987). A deficiency of colonic mucosal carboxypeptidase
has been demonstrated in UC (Chadwick et al, 1987) and the authors

postulate that this allows a build up of bacterial peptides.

NON-SPECIFIC MEDIATORS

The role of prostaglandins (PG) is unclear. Recently they have
been less favoured as inflamatory mediators in IBD. Indomethacin (a PG
inhibitor) is not therapeutic. Also dimethyel PGE2 has been shown to
ameliorate experimental colitis in rats (Allgayer and Stenson 1987)
rather than worsen it.

There is an increased density of T cells in inflamed mucosa but
T- lymphocyte subclasses in CD do not differ from controls (Selby
et al, 1984). No consistent deficiencies in spontanecus or
mitogen induced lymphoproliferative reponses were demonstrated in

gut mucosal lymphocytes derived £rom CD and UC, as compared to
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pratient matched peripheral blood lymphocytes or normal gut mucosal
lymphocytes (Fiocchi, Battisto and Farmer, 1981). Natural Killer
(NK) cells have been postulated to have a pathogenic role in IBD but
the NK cells of intestinal mucosa have been shown to behave similarly
in IBD, carcinoma of the colon and other intestinal diseases (Gibson
and Jewell 1986).

Recently, multifocal gastrointestinal infarction has been
irplicated in the pathogenesis of Crohn's disease (Wakefield et al,
1989). A pathogenetic sequence of events - vascular injury, focal
artertis, fibrin deposition, arterial occlusion, tissue infarction or
neovascularisation was seen in CD affected segments but not in normal
bowel . The mechanism of the thrombogenic injury is the interaction
between immune cells and the vascular endothelium - the |usual
anticoagulant status being displaced by cellular procoagulant activity.
T-helper cell stimulated, lymphokine-mediated monocyte activation with
subsequent synthesis and cell surface expression of monocyte
procoagulant activity is postulated. Such procoagulant activity is
favoured by a range of biological stimuli, including various micro
organisms. (2n infectious aetiology of CD is entirely campatible with

these findings - see Section V).

IV. ENVIRONMENTAL FACTORS

DIETARY FACTORS, SMOKING, ORAIL CONTRACEPTIVE PILL

Among environmental factors implicated are dietary factors such as
a low fibre diet, (Thornton, Emmett and Heaton, 1979), a high
intake of refined sugar and a deficit of raw fruit and vegetable.
Increased formula feeding in childhood has been associated with later
development of both €D and UC (Whorwell, Holdstock ,Whorwell et al,

1979). A dietary hypothesis has been suggested as an explanation
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for the lower risk among Jews in Israel (who eat 'less fat and meat
and more fibre and carbohydrate) compared with Pmerican Jews
(Rozen, Zonis, Yekutiel =¢ 31, 1979).

Patients with CD have been found to have the same or
higher frequencies of cigarette smoking than comparison groups in
contrast to patients with UC who were either non smokers or ex

smokers; Samerville et -al (1984) have suggested that non smokers

acquire UC and smokers acquire Crohn's disease, ie that smoking
may be a determinant factor in predisposed individuals. uc
and CD  have been reported to be more prevalent among oral

contraceptive users than among non users but it may be that UC and
CD patients use the oral contraceptive pill because of their
disease, to avoid pregnancy (Calkins and Mendeloff, 1986). None of

these factors have been accepted as being causal in IBD.

V. INFECTIOQUS AGENTS

The infectious theory remains and is a natural one for
inflammatory bowel disease, because of the large number of
bacterial, viral and other organisms associated with the gastro
intestinal tract, the lymphocyte and polymorphonuclear leucocyte
infiltration and granuloma formation. Also, the pathology of the
disease, the multiple lesion sites and multiple familial
occurrences all suggest an infectious process.

Crohn, noting the resemblance of the disease to tuberculous
ileitis, looked for tubercle bacilli in smears and cultures but did
not find any acid fast bacilli. He was unsuccessful in attempts to
infect guinea pigs, rabbits and chickens with diseased intestine and

mesenteric lymph nodes (Crohn, Ginzburg and Oppenheimer, 1932).



The next concerted effort to isolate mycobacteria from CD tissue
was by Van Patter in 1952, He found three cultures with acid fast
organisms in 3/43 patients which he could not subculture or identify
further. 131 animals inoculated with disease tissues remained
normal (Van Patter, PhD thesis, University of Minnesota, 1952).

In 1969, Mitchell and Rees presented evidence of a transmissible
agent to mice from human sarcoid tissue. Due to histological
similarities of CD to sarcoidosis, especially the presence of

granulomas they extended their studies to Crohn's disease.

ANTMAL TRANSMISSION STUDIES

The demonstration of a possible transmisslbe agent by Mitchell

and Rees in 1970 was c¢rucial in the history of the search for an
infectious agent in CD tissue. They injected homogenised qut and
lymph node tissue from CD patients into mouse footpads. They

modelled their experiments on the mouse using the footpad as the
inoculation site because of the success of these methods in leprosy.
13/56 of the footpads showed typical focal granulomas 6-24 months
after inoculation. Early histological lesions (at 26-46 days)
showed characteristic granulomas clearly distinguished from a
cellular inflammatory reponse seen in mice injected with non-Crohn's
1ymph node homogenates. Late histological lesions (169-500
days) showed persistence of epithelioid and giant cell
granulamas in footpads inoculated with CD tissue homogenates but
footpads injected with non CD lymph node homogenates no longer
showed the cellular inflammatory response observed earlier.
Initially, other research groups confirmed their observations.
Taub and Siltzbach in 1972 detected granulomas following footpad

injection in 5/16 mice. Cave, Mitchell, Kane and Brocke
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(1973) demonstrated epithelioid and giant cell granulomas after
intra-ileal injection of CD tissue in New Zealand white rabbits,
which was not observed in controls. They obtained successful passage
into a second group of rabbits using mesenteric lymph node

homogenates of rabbits injected with CD tissue three months earlier.

However, negative reports followed (Rolton et g1, 1973; Heatley ot
al, 1975). Bolton used 334 animals and Heatley 91 animals but
failed to support previous experiments. Observations on

transmissibility Vwere extended to ulcerative colitis (Cave, Mitchell
and  Brooke, 1975). This does not necessarily mean that
ulcerative colitis also has a transmissible agent . It
reinforces the concept that other inflammatory non-Crohn's disease
tissue homogenates must be used as controls to distinguish
specific from more general responses. All work done for this thesis
compared ulcerative colitis cultures to CD cultures, not only for
this reason, but also because ulcerative colitis and CD share so
many other epidemiological and clinical features.

Das and co-workers induced lymphomas and hyperplastic lymph
nodes in 16% athymic (nu/nu) mice by CD tissue filtrates, and
found ihat the lymphomas contained an  antigen(s) recognised by
Crohn's disease sera (Das et al, 1983). These antigens may be
glycoproteins of 110-200,000 molecular weight (Das et al, 1988).
Pena et al, (1988), however showed that this reaction was not specific
as the CD sera reacted with some nude mice lymph node cells in general.

Collins et al, 1988, also report that lymph node hyperplasia is non

specific and find no specificity for CD sera for the lymphoma
antigen.
The initial work of Mitchell and Rees in transmitting

granulomas to mouse foot pads by CD ilieal tissue prompted several

workers to look for this transmissible agent.
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MICROBIOLOGICAL REVIFW OF CROHN'S DISEASE

A. VIRAL AGENTS IMPLICATED

A variety of viruses have been implicated. Cytomegalovirus (Farmer
2t al, 1973) was detected in tissue culture. Aronson, Phillips
and Beeken (1974) suggested the transmissible agent was a small
RNA virus as a cytopathic effect (CPE) was detected when CD
intestinal tissue was cultured in WI-38 human diploid fibroblast
cells, and the agent grew well in the presence of DNA inhibitors.

Continuous rabbit ileal cultures were used (Gitnick, Arthur
and Shibata, 1976) and electron microscopic studies were consistent
with a picornavirus (Gitnick and Rosen, 1976). Another report
followed of a CPE in WI-38 tissue culture monolayers detectable with
6/10 Crohn's disease intestinal filtrates but absent in controls
(Whorwell »f al, 1977).

Other workers were unsuccessful in attempts to find a consistent
viral agent. Phillpotts, Hermon-Taylor and Broocke (1979) used a series
of eight cell lines including those used previously by other workers,
and concluded that a CPE similar to a viral CPE was produced using CD,
UC and control gut and lymph node tissue. A search for antibodies to
rotavirus (De Groote et 3!, 1977) and the Norwalk virus (Greenberg et
al, 1978) were negative.

Despite another publication by Gitnick et sl (1979), suggesting
a small enveloped RNA virus as a viral agent, other negative
reports followed. A cytopathic effect was found with ulcerative
colitis tissue as well as CD tissue (Moréin et al, 1981), and the CPE
was recorded as not being due to a virus (McLaren and Gitnick,
1982). Mycoplasma contamination Qas noted in sane specimens which
produced a CPE (Kapikian et ali, 1979). Phillpotts et al (1980)

found no evidence of a non-cytocidal virus infection.
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Yoshimura, Estes and Graham (1984) cultured tissues from 95
patients in several cell 1lines and concluded in agreement with
Phillpotts and other workers that any cytopathic effect noted was
due to a non- replicating cytotoxic factor(s) released from

intestinal tissues of both IED and non-IBD patients.

B. BACTERIA IMPLICATED IN CROHN'S DISEASE
Aluwihare (1971) reported intra mural bacteria of differing
morphology in 6/16 CD patients in an electron microscopic study
of non-ulcerated Crohn's colon. Such bacteria were not seen in
normal colon or in ulcerative colitis specimens with intact
mucosa.
Parent and Mitchell (1976) isolated «cell wall defective

Pseudomonas maltophilia and Pseudomonas like bacteria from filtrates

of homogenised Crohn's disease bowel and lymph node tissue, but
not from wulcerative colitis or controls. They suggested that the
earlier animal transmission studies using CD filtrates could
indicate cell wall defective bacteria rather than viruses.
However, Pseudomonas species are normally present in the gut, so
evaluation of their significance is difficult. Whorwell et al (1978a)
however, found no evidence by indirect immunofluorescence methods

for the presence of Pseudomonas maltophllia (now reclassified
as Xanthomonas maltophllia) and Mycobacterium kansasii
(implicated as a possible aetiological agent by Burnham et al/ , 1978
and discussed in detail in Section C). Belsheim et al (1983)
isolated bacterial L forms, especially L forms of Eschericia

coli and Streptococcus faecalis from 40-50% of patients with CcD
and UC but not from controls. They maintained that because of

the lack of cell wall antigens, L forms present 1less of an
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antigenic challenge to the host and this may aid their persistence in
host tissue. Also L form isolations had been reported from a
variety of human illnesses.

Ibbotson, Pease and Allan (1987) reported cell wall deficient forms
of bacteria from 40-60% of patients with active 1IBD, 15-25% of
patients with inactive disease and only 5-7% of controls. They
concluded that a range of such bacteria (including Escherichia coli
and Streptococcus faecalis) had a possible aetiological role in IBD.
However, the possibility still remained that these organisms were
merely secondary invaders. A.part from cell wall defective forms of
bacteria, various other bacteria have been implicated in the aetiology
of CD. The recent emergence of newly recognised gasto-intestinal
pathogens such as Clostridium difficile and Helicobacter pylori suggest
that a bacterial aetiology should not be readily dismissed. Higher
numbers of Bacferoides species have been reported from the faecal
flora of CD patients (Keighley ef al , 1978). Wensinek et al (1981)
reported that up to 10% of the faecal flora in CD patients
constituted gram-positive coccoid rods identified as Eubacterium ,

Per*tostreptococcus and Coprococcus species.

Tabaqchali et al (1978) and other authors describe an
increased incidence of antibodies against strains of Escherichia
coli in CD and UC patients compared to controls. Increased

antibodies have also been reported to Bactoroides fragilis in both CD
and UC (Brown and Lee, 1974), Bacteroides uulgatus in CD patients,
(Helphingstine et al , 1979), Pseudomonas like cell wall
defective bacteria in CD patients, but not UC patients or healthy
controls (Parent and Mitchell, 1978) and Mycobacterium kansasii in

both CD and UC patients (White et al , 1978).
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Antibodies against Chlamydia of 1lymphogranuloma-venereum type

was detected in 38 of 55 (69%), CD patients as compared to 2/21

control patients (Schuller et al, 1979). There is a
contradictory report by Taylor-Robinson e? al (1979), in which both
CD and UC patients were reported to have a 1low frequency of

chlamydial antibodies.

Van De Merwe (1984) identified four strains of anaerobic coccoid
rods, Eubacteriu/n contortion (ME44 and ME47), nstreptococcus
(Cc18) species and Coprococcus comes (Med6) , isolated from CD
patients, to which CD patients more often had serum antibodies than
healthy subjects. They suggested that the occurrence of serum
antibodies to these coccoid rods be used for diagnostic purposes
for CD, but their relevance for aetiology and pathogenesis is
not yet clear.

In conclusion, no consistent virus or bacterium has been isolated
from IBD tissue, and attention has returned to mycobacteria as possible

aetiological agents.
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C. MYCOBACTERIAL ISOLATES FROM CROHN'S DISEASE TISSUE

Mycobacterial associations with CD have long been suspected but it

is only in the last twelve years that mycobacteria have been isolated
from CD tissue. The results are summarised in Table 1.4.
As stated earlier, Van Patter in 1952 made the first major effort

to culture mycobacateria from Crohn's tissue since Crohn himself in
1932. Van Patter set up 1,762 cultures from 43 patients and inoculated
131 animals including guinea pigs, rabbits, cats, rats and chickens
with diseased tissues. All animals remained normal. He used seven
different types of media and incubated cultures for up to 15 months.
He isolated acid fast organisms from three patients at 6, 7.5 and 8
months incubation. These organisms could not be subcultured and were
never formally identified.

Burnham et al in 1978 described the isolation of Mycobacterium

kansasii from the lymph node of a single patient with Crohn's disease.

Despite mycobacterial associations with CD having 1long been
suspected, this was the first mycobacterial isolate and hence
important in the initiation of further attempts to culture
mycobacteria from CD tissue. Apart from the isolate of M.

kansasii , Burnham et al reported the growth of pleomorphic acid fast
organisms (PAFOs) from 22/27 CD patients, 7/13 UC patients and 1/11
controls. The work in this thesis is based on the
characterisation of these PAFOs.

To date, unidentified acid fast forms have been isolated by several
research groups from Australia (Coloe et al , 1986,gouted by
Chiodini,1989), Japan (Haga, 1986, Japanese Journal of Gastroenterology
23:2325-2333,quoted by Chiodini 1989), USA (Collins et al, 1986) and
the Netherlands (Haagsma et al , 1988). Chiodini et al (1986a) and
Graham et al (1987a) both describe unidentified spheroplasts which were

ZN negative, but the exact staining method used is not known.
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Table 1.4

MYCOBACTERIAL ISOLATES FROM PATIENTS WITH CROHN'S DISEASE

Van Patter 1952 AFB

Burnham et al 1978 h. kansasii
Unidentified AF organisms

Chiodini et al 1984 hi. para tuberculosis

1986 tl. para tuberculosis
Unidentified spheroplasts

Coloe et al 1986 tl. para tuberculosis
Unidentified AF growth

Haga 1986 Unidentified AF coccoid bodies

Collins et al 1986 hi. chelonei
hi. para tuberculosis
Unidentified AF rods and/or
spherules

Graham et al 1987 hi. kansassii
hi. for tuition complex
tl. avium complex
Unidentified spheroplasts

1988 Unidentified spheroplasts
Colemont et al 1988 h. cheloneil
Haagsma et al 1988 tl. para tuberculosis

tl. fortui tumn
Unidentified AF material

Thorel et al 1989 tl. paratuberculosis

NK = not known

* Number of specimens cultured
(number of patients not known)
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3/43

1/27
22/27

2/11

4/26
12/26

1/30
NK/50

1/31%*

1/12
1/12
5/12

1/59
2/59
2/59
12/59

17/87

2/32

2/75
1/75
2/75

1/NK



M. OARATUPERCULOSIS AND CROHN'S DISEASE

Chiodini et al in 1984 isolated two strains of a Mycobacterium
paratuberculosis-like organism named strain Linda and strain Dominic,
after the two CD patients from whom the organisms were isolated. Three
UC and 3 control cultures (from patients with other bowel diseases)
were negative (Chiodini et al ,1984 a).

Strain Linda was isolated from, cultures from, a 15 year old girl .
The isolate was noted after 31/2 months incubation on Herrold's
egg yolk medium (HEYM) with mycobactin. Strain Dominic was from
cultures obtained fram, a 12 year old boy. Again, growthwas noted on
HEYM with mycobactin but after S1/? months. A highly complicated
culture techniquewas used . Tissues were first washed in sterile
water, aseptically trimmed of fat and placed in sterile Butterfield's
buffer at 3-5°C overnight. The next day, 20g of gut mucosa was
placed in trypsin for 45 minutes. Tissues were then filtered
through cheese cloth, centrifuged and the resulting sediment
suspended in 0.1% benzalkonium chloride. After 24 hours at
room temperature, the sediment was distributed onto 8 HEYM slants

supplemented with 2|ig/ml mycobactin and tubes were incubated for over

30 months. The two isolates, strain Linda and strain Dominic,
were thus grown from GI mucosa, were mycobactin dependant and acid
fast. They belonged to Runyon's group III, the non-pigmented slow
growers.

The organisms were pathogenic for mice when injected intravenously
or intraperitoneally; the mice developed hepatic and splemic granulomas
which contained numerous acid fast mycobacteria. The strains were not
pathogenic for rats, guinea pigs, rabbits or chickens. A seven day old
goat was inoculated orally with 50mg of the organism. Humoral and cell

mediated irrrnunological responses were noted in 2-3 weeks. A non
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caseating granulomatous ileocolitis occurred in 5 months. Acid fast
bacilli were seen in sections of intestine, but a single organism was
seen in each of two micro granulomas of the mesenteric lymph nodes. The

mycobacterium species was reisolated from the lymph node but not from

the intestine, Chiodini et al published a series of further papers
(Chiodini et al , 1984 a-d) describing detailed characteristics of the
isolates. They also described the isolation of strain Ben, cultured

froma 78 year old man with Crohn's disease after 18 months incubation.
Chiodini et al in 1986 (1986a) reported their fourth mycobacterial
isolate from CD tissue - strain Leona isolated from an 80 year old
patient. On primary isolation, this and the previous CD derived
mycobacterial isolates described appeared in spheroplast form as non
acid-fast coccobacilli which after several months transformed to the
parent mycobacterium. Mycobacterial spheroplasts and their respective
tinclassified mycobacterial parent forms were isolated in total from
4/26 CD patients. No spheroplasts or mycobacteria were isolated from
13 UC or 13 control specimens.

Chiodini and co-workers used restriction polymorphism of the
ribosomal DNA genes to determine the relationship between the cell-
wall deficient and bacillary forms (Chiodini et al , 1986 a,b).
Identical restriction patterns were found between the spheroplasts
and the four Mycobacterium paratuberculosis-1like isolates
providing definitive evidence of their origin. On biochemical
testing the mycobacterial strains isolated from the CD patients were
said to resemble (/. paratuberculosis and these were later
confirmed as being identical to ruminant strains of tl
paratuberculosis by DNA probes (McFadden ef al , 1987 a,b).

An additional 12 CD patients had wunidentified spheroplasts

isolated from their cultures. Seven out of ten tested
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seroagglutinated with specific tL paratuberculosis antisera,

suggesting these unidentified forms were also/?', paratuberculosis .

Chiodini suggested that the presence of mycobacteria from CD
tissue and not UC or control tissue supported a role for
mycobacteria as aetiological agents in CD. Furthermore, the
presence of cell wall defective (CWD) forms could then account
for the inability to demonstrate acid fast bacilli in tissues and
the failure to demonstrate a strong and consistent immunologic
response because CWD mycobacteria are generally of low
immunogenicity. He suggested that the previous failure to isolate

these organisms was because of the caustic nature of other techniques

for processing mycobacterial specimens. Also that a slow rate of
reversion with subsequent local hypersensitivity-type imnunologic
responses could account for the chronicity of CD, assuming that

only the bacillary forms are pathogenic (Chiodini, 1989).

The first confirmation of tl. paratuberculosis from CD tissue came
from Coloe et al in Australia (P J Coloe, C P. Wilks, D Lightfoot
and F A Tosolini (1986), Aust Microbiol., 7,;188, quoted by
Chiodini, 1989). They isolated tL paratuberculosis from 1/30 CD
patients from colonic material but not the draining lymph nodes,
after 16 weeks incubation. Approximtely 50 CD patients and 50

patients with UC or other bowel diseases have had biopsy specimens

cultured. Some acid fast growth has been observed on some CD
cultures (no definite figure has been published) . These slow
growing isolates have not yet been characterised (Coloe,
personal communication, quoted by Chiodini, 1989). Using an
inmunoblot technique, Whitehead (Proc. 2nd Int. Colloqg.
Paratuberc., quoted by Chiodini, 1989) found identical antigen bands
when he reacted tl paratuberculosis antigens separated by
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polyacrylamide gel electrophoresis with serum from the CD patient
who yielded the Australian paratuberculosis strain and cattle

naturally infected with h. paratuberculosis .

Coll ins,Beaman and Arthur ef al (1986) thoroughly investigated the role

of hi, chelonei , subsp.abscessus, isolated from the ileum of a CD
patient. 109 h. chelonei was inoculated orally into new bom
goats. All fifteen goats inoculated developed transient
diarrhoea 3-7 days past inoculation. Three goats died at 5-9 days
after an 8-12 hour course of bloody diarrhoea. Intestinal lesions
were limited to mild inflairmation of the terminal ileum and
colonic infiltration with polymorphonuclear cells. Stool cultures
and rectal swabs hadacid fast bacilli at four days, but not
at weekly intervals thereafter. hi chelonei was isolated frcm
colonic and ileal mucosa. An acute intestinal disorder with
hi. chelonei could have significant meaning as this organism
is generally associated with irrrnunocompremised hosts or traumatic
wounds. However, the authors did not rule out other neonatal
diseases of goats as a possible cause of the observed diarrhoea

and acute bowel inflairmation (Chiodini,1989 ) .Gitnick et al (1988) in
an update of their work (initially reported by Collins et al , 1986)
report culturing 24 samples (surgically resected intestinal tissues)
from 12 CD patients, 29 specimens from UC patients and 26 specimens
from patients with other bowel disease (22 non CD patients in total).
They isolated a h. paratubercu/osis-like strain from the colon of a CD

patient after 12 months incubation on Herrold's egg yolk medium and an

uncharacterised slow grower frcm a patient with adenocarcinoma of the

bowel (apart from the h, chelonei strain reported in 1986). As well as
these mycobacteria, they isolated acid fast spherules frcm 2 CD
tissues, and acid fast rods from 3 CD tissues. They also isolated acid
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fast spherules from 2 UC samples and 4 control samples. These have not
as yet reverted to mycobacteria. Gitnick's cultures were processed
according to Chiodini's methods (already described). Samples were
cultured on HEYM with mycobactin and on 7H 10 medium. Mycobacterial L
forms were sought in L form media in T-flasks, When the M.
paratuberculosis-like strain was fed to neonatal goats, all remained
well, in contrast to Chiodini's previous experiments (1984a).

Colemont e* al (1988) isolated two strains of mycobactin dependant
M chelonei from 32CD patients, and they saw acid fast bacilli, but
did not successfully culture them in nine other biopsies.In contrast
to the findings of Graham ef <®i, (1987a) and Collins ef £2J,(1986) no
cultures or strains were positive for mycobacteria in non-Crohn's
disease cultures (7 ulcerative colitis, 10 other bowel diseases).

Haagsma et al (1988) cultured 66 CD surgical specimens and 7 CD
biopsy specimens and isolated 1 strain of {/. fortuiturn and 1 strain of
tl. paratuberculosis (after 11 months on Herrold's egg yolk medium and
16 months on Ogawa medium) . A further tl. paratuberculosis strain was
also later isolated. They only cultured CD tissue and not control
tissue which was a flaw in their study. Acid fast material was reported
in 2 cultures. Chiodini (1988) showed that Haagsma's initial M.
paratuberculosis 1isolate was genetically identical to Chiodini's (/.
paratuberculosis strains.

Thorel et al (personal communication, quoted by Chiodini, 1989)
also isolated a strain of M. paratuberculosis from a 45 year old woman
with CD and subsequently a study has been initiated in Lyon to study

biopsy and faecal specimens from 50 patients with CD.

To date there have been 9 isolates of {/. paratuberculosis from
CD tissue from five centres (see Table 1.4) worldwide (Connecticut,
California, Australia, Netherlands, France). tl. paratuberculosis
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belongs to the . avium complex and cannot be distinguished
biochemically or serologically from mycobactin dependent M. avium
strains (McIntyre and Stanford, 1986 a,b). However, McFadden ef ai
(1987c) have used DNA probes to distinguish (/. paratuberculosis
frem . avium and M intracellulare, although it is still
questionable whether this is at the species level. (/. avium is an
environmental opportunistic organism. tl. paratuberculosis is a
well recognised pathogen in a variety of animal species and its

existence as an environmental organism has not been formally proven.

It is the slowest growing of the cultivable mycobacteria and it
generally takes years to become proficient at working with the
species. Hence . paratuberculosis with its prediliction for the GI
tract would be an attractive aetiological agent of CD. Hampson et al

(1989h) failed to demonstrate M paratuberculosis as a coloniser in AIDS
patients and suggest that its isolation only from disease states and
Crohn's disease, lends support to the idea that it is significant in
Crohn's disease. Also the isolation of the pathogen hi
paratuberculosis frcm a disease with a clear animal parallel is
intriguing. Johne's disease is caused by t/. paratuberculosis , where
the organism has a strict preference for the gastrointestinal tract and
does not produce caseation necrosis. The similarities between CD and
Johne's disease have long been noted (Dalziel, 1913).

Johne's disease is a contagious, chronic and wusually fatal
enteritis in ruminants. Clinical sings of the disease are
characterised by episodes of chronic diarrhoea and progressive
emaciation. Histologically, there 1is a chronic inflammatory
reaction, principally of the terminal ileum but also of the colon

and other regions of the gut.
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Cattle, sheep and goats aged less than six months are easily
infected and become diseased whereas adult animals seem to be
resistant. The incubation period is very long. For example, cattle
infected as calves do not show clinical signs until three years of
age. Morgan (1987) argued the case that if we assume that
Johne's and CD are similar in not only their pathological 1lesions
but also in their aetiology, then a hypothesis would be formed that
seme infants are infected with a mycobacterium in the first few
months of life and CD develops in young adult life. The same claim
can be made for leprosy in young people. This would explain the
familial association and the occurrence in monozygotic twins
especially in those living apart since childhood. The low incidence

in married couples would reflect the difficulty of transmitting the

disease between adults. It 1is also noteworthy that Chiodini's
first two tl. paratuberculosis 1isolates were frcm two patients
aged 15 and 12 years. Together with this, Chiodini possibly used
the best conditions to detect a fastidious organism like tL
paratuberculosis - use of mycobactin, meticulous decontamination
and culture procedure and prolonged incubation (months or even
years) .

Overcrowding, stress and poor hygiene favours the spread of Johne's
disease. Morgan further suggests that, if the hypothesis is true, the
increased incidence of CD in Ashkenazi Jews could be related to the
experience of similar poor conditions during childhood in Europe.

Considering the isolation of ti. paratuberculosis , the chances of
successfully isolating tI. paratuberculosis frcm the affected gut in
Johne's disease depends to seme extend on the severity of the
pathological 1lesion. In early lesions, tl. paratuberculosis 1is easily

identified with masses of acid fast bacilli (AFB) , but in severe
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lesions with encapsulation and necrosis, no AFB are visible
histologically. By analogy, material obtained surgically from
patients with CD is often frcm the most severely affected areas with
long standing lesions and by Morgan's hypothesis, the chances of

culturing mycobacteria would be small.

ANIMAL STUDIES

Attempts to transmit CD to laboratory animals has given equivocal
results (discussed earlier under Animal Transmission Studies, Section
V). Animal studies with the CD-derived t/. paratuberculosis strain were
done by Chiodini et al (1984a) and Gitnick et al (1988) . It was
surprising that Gitnick's t/. paratuberculosis strain did not produce
any disease in neonatal goats, whilst Chiodini's strain caused a
granulomatous ileocolitis at 5 months. The only difference between the
two experiments was that Gitnick fed his animals with a stomach tube.
It is hard to image that this could have altered any observed effects,
unless infection of tonsils, for example, predisposes to subsequent
disease by a mechanism of locally induced immunosuppression - not an
impossibility.

Apart frem M paratuberculosis, CD derived/?', chelonei has been
used in animal studies. The role of t/, chelonei in neonatal goats was
assessed by Collins ef al (1986) and is discussed above. Briefly, a
granulomatous intestinal disease was not produced, the animals
developed diarrhoea, had acid fast bacilli in stool samples and 3/15
goats died. Also Colemont et al (1988) were unable to reproduce a
Crohn's 1like lesionin mice with 2 CD-derived (/. chelonei strains.
Hence, disappointing results have been obtained in transmitting CD
derived mycobacteria to animals. If a mycobacterium is involved in CD,

this may mean that the "correct" mycobacterium has not been wused in

45



animal studies, the correct animal host for such studies has not been
found, or as presumed in humans only a small minority of those infected
go on to develop the disease.

Experiments with Johne's disease have interesting parallels. There
are considerable species, strain and individual differences and
difficulties in demonstrating Koch's postulates( review by Morgan,
1987) .

Johne's disease was documented in primates for the first time in
1987 (McClure et al , 1987). Infection occurred in 29/38 monkeys in a
colony of stumptail macaques (Macaca arctoides) extending the natural
host range of M paratuberculosis from ruminants to sub human primates.
Hence, it was possible to consider that humans too could be infected.

Against this background, there are however, several factors which
do not support the idea of tl. paratuberculosis causing all or many
cases of CD, however attractive the hypothesis may seem. First, M.
paratuberculosis in animals is a wasting disease with diarrhoea and
'usually results in death of the animal; this is not seen in CD.
However, the immune response to mycobacterial antigens could modify the

disease and mycobacterial diseases are known to be immunologically

mediated. It is interesting that all those investigators who isolated
tl. paratuberculosis have been trained in veterinary microbiology. This
could be interpreted in two ways. First, perhaps they managed to

isolate tI. paratuberculosis because there were experienced with the
techniques required to culture this fastidious organism. However, it is
conceivable that /. paratuberculosis may be a contaminant in such
laboratories and this was the reason it was isolated. Also, in contrast
to the work of other research groups, it is surprising that Chiodini's

group has failed to isolate any other mycobacteria apart from ¢t
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paratuberculosis. Interesting parallels exist in leprosy, in which a

limited group of organisms, often of the M avium group, or sometimes
of fast growers, have been isolated from leprous tissues, sometimes
initially as cell-wall defective organisms (Skinsnes ef al 1975, Bapat

and Modak,1978 ).

Finally, despite all the effort and time put into culturing CD
tissues over several years, only 9 isolates of M paratuberculosis have
been made. The conclusion is that if {/. paratuberculosis is a
significant isolate, it causes only a few cases of CD and the aetiology

of the majority of cases remains unknown.

OTHER MYCOBACTERIAL ISOLATES

Considering other mycobacteria isolated from CD tissue, t/. kansasii
was first isolated by Burnham et al in 1978. Even though initial skin
testing (with antigens prepared frcm the strain of (. kansasii
isolated), supported ®. kansasii as an aetiological agent in Crohn's
disease, (Burnham et al , 1978; White et al , 1981) further data on skin
testing showed that increased responsiveness was also found in the
controls (Elliott et a/, 1980). The authors concluded that t/. kansasii
was unlikely to be the aetiological agent, and was probably a chance
contaminant. Also Whorwell et al (1978a ) failed to demonstrate (.
kansasii in tissues by immunofluoresence.

Graham et al (1987a) in the USA isolated tL kansasii from one CD

specimen. The rate of isolation of mycobacteria frcm IBD tissue by
Graham and co-workers was high. They brought to light the widespread
occurrence of mycobacteria in diseased tissues. Graham et al isolated

mycobacteria from 47.6% of CD, UC and control tissue but did not
isolate M. paratuberculosis. They cultured intestinal resection
specimens and biopsy specimens (aphthous wulcers in CD patients,

biopsies at colonoscopy in all groups).
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Considering resection specimens, approximately Ig resected tissue
was cultured; no slow growing mycobacteria were isolated from 37 CD or
2 UC patients frcm these resection specimens. One slow grower was
isolated from a total of 16 control samples (result wupdated by

Yoshimura et al, 1988).

A. rapid grower was isolated from one CD resection specimen but not from
UC or control resection specimens. From biopsy specimens, 7/22 CD
samples, 4/17 UC samples and 8/19 control samples grew slow growing
mycobacteria and 1/22 CD samples, 5/17 UC samples and 10/19 non-IBD
controls grew rapid growers. All rapid growers were identified as M.
fortuitum or M. chelonel subspecies chelonei or subspecies abscessus.

Spheroplasts were identified in 10/37 CD resection specimens and
2/22 CD biopsy specimens. This is contrasted with spheroplast
isolation frem 1/2 UC resection specimen, 0/8 control resection
specimens and 2/17 UC biopsy and 0/19 control biopsy specimens. Five
spheroplast cultures reverted to slow growing mycobacteria giving
a total of 24 slow growing mycobacterial isolates from CD, UC and
control samples. One CD biopsy isolate was M. kansasii and six were
identified as members of the M. avium complex (2 from CD biopsies, 2
from UC biopsies and 2 control specimens). None of the other 17
isolates have been identified due to their extremely slow growth rate
prohibiting sufficient inocula for biochemical tests. They all belong
to Runyon's group III, the non-pigmented slow growers.

Spheroplasts were first detectable by the aid of the dissection

microscope after 2 months incubation, and more usually after 3.5
months incubation. The isolates did not stain by Ziehl-Neelsen or Gram
stain. Five of these speroplast cultures have reverted to pleomorphic

acid fast organisms, but remain unidentified.
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At an initial glance, it appears that mycobacteria were isolated

from all tissues and no specific mycobacterium is associated with CD

tissue. However, if all this data is analysed closely, it is seen that
except for a single strain of {i. fortuitum , conventional mycobacteria
have not been isolated frcm resected CD, UC or control tissues.
However, spheroplasts have been isolated primarily from resection

specimens (frcem 10/37 CD patients, 1/2 UC patients but 0/8 controls).
Thirty-five strains of mycobacteria (mainly t/. avium complex and Ui
fortuitum complex) were isolated frcm biopsy specimens, indicating that
biopsy sources such as aphthous wulcers provide a suitable
microenvironment for the propagation of such environmental organisms.
Hence, it 1is important to analyse not only method of culture but the

source of material cultured.

The isolation of /£ kansasii, Ui cheloneiti. fortuitum and tl.
avium from CD, UC and control specimens should not come as a surprise.
These organisms are all environmental species, ie they occur as free-

living organisms within the environment
This is in contrast to fi. tuberculosis for example, which is not

knwon to have an environmental reservoir other than that associated

with human contamination such as sewage, [i. kansasii is present in tap
water, aquaria and waste water. ti. chelonei has frequently been
isolated frcm rivers, lakes, waste and sea water and dust. ti.

fortuitum has been found almost anywhere in the environment including

water, swimming pools, soil and dust. ti. avium has been isolated
mainly from soil but also from rivers and waste water of animal
origin.

Although considered to be environmental species, these mycobacteria
are capable of causing opportunistic infection. However, they seem

unlikely candidates as aetiological agents of IBD. ti. kansasii is a
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well recognised opportunist cause of pulmonary disease with a similar
disease pattern to tuberculosis. The/?', avium complex is now a major
cause of disseminated infection in AIDS @patients, where the great
majority of incriminated strains belong to agglutination types 4 and S,
and causes a wide range of diseases in aminals and hisrans, primarily as
opportunistic pathogens.

At all centres, different methods of isolation, different
decontamination steps and different culture media have been wused,
consequently varied results have been obtained.

The range of media used included HEYM, Ogawa, Middlebrooks 7H10 and
11 Media, Lowenst.ein Jensen and Robertson's cooked meat broth.
However, the primary isolation time was very long in all cases. Acid
fast forms took between 3 and 30 months to grow, Van Patter isolated
AFB at 6, 7.5 and 8 months, Burnham et al isolated the pleomorphic acid
fast forms at 2-6 months and Graham et al , isolated spheroplasts at a
median time of 3.5 months. It is clear that primary isolation of these

organisms is very much a long-term procedure.

HISTOCHEMICAL DATA

Demonstration of a consistent microbe mycobacterial or otherwise
directly in CD specimens has not been possible. Colemont et al (1988)
used simple acid fast staining techniques and identified mycobacteria
in 11/32 CD tissue specimens. However, routine acid fast staining has
generally not been successful in CD (Burnham, 1980) . Various
histochemical techniques have been used to identify mycobacteria in
tissue sections. Whorwell et al (1978a) found no evidence of infection
with h. kansasii , rotavirus or Xanthomonas maltophilia in tissues from
CD and UC patients when they searched for the relevant antigens by

immunofluoresence.
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Haga (Jpn. J. Gastroenterol. 1986 23: 2325-2333, quoted by
Chiodini) used irrrnunohistochernistry and could not demonstrate antigens
of ti. paratuberculosis in 18 CD tissues. Van Kruiningen «f al (1988)
could only confidently demonstrate one CD tissue section as being
positive using an immunoperoxidase method for detection of
oaratuberculosis

Inconsistent results have been obtained by different workers.
Yoshimura et al (1987) used liquid genomic DNA-DNA hybridisation and
detected mycobacterium - related sequences in 53% CD patients, 33% UC
patients and 17% of controls. In contrast Kobayashi, Blaser and Brown
(1989) did not observe any staining in 67 CD specimens using
irrmunohistochemical methods. These authors used monoclonal antibodies
to 7. paratuberculosis, h\ tuberculosis and 1lipoarabinomannan.
Although different techniques have different levels of sensivity and

specificity none of them show any consistent positive result and are

mostly negative. The organisms may be present in a form that is
difficult to stain - for example a cell wall defective (CWD) form may
not stain in the tissues with Ziehl-Neelsen. It is notable that many
of the human isolates have been recovered in this form. Also it is

possible that any infectious agent may be present in extremely 1low
numbers or be scattered in small foci accounting for inability to
demonstrate the organisms within the lesions.

Itmay be that the organism is simply not present and acted as an

initial antigenic stimulus triggering various inTTrunological mechanisms.

SEROLOGICAL DATA

Grange, Gibson and Nassau (1980) reported increased IgA and
IgM antibodies to M tuberculosis in CD patients. Matthews et
al (1980) showed that 79-96% of CD sera agglutinated with
antigens from M. paratuberculosis and M avium, but no clear
difference was shown between CD and control sera.
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Thayer ef al (1984) used an ELISA (Enzyme linked imrnuno-sorbent
assay) to detect antibody to a crude preparation of M. paratubercu losts
antigen and found increased antibody titres in 23% of CD patients. Cho
et 4/ (1986) found no evidence for increased antibody titres in CD sera
to a species specific glycolipid antigen from m paratuberculosis or to
common mycobacterial antigens. McFadden and Houdayer (1988) fornd no
evidence for antibodies to Cocito's mycobacterial 260 (2 membrane

glycoprotein found in most mycobacteria) antigen prepared fram, tI. boyis

BCG, M auium and paratuberculosis in sera from CD patients. Jiwa
aj (1988) showed elevated IgG levels in CD sera by ELISA to

mycobacterial purified protein derivatives (prepared from M.

tuberculo s is M. kansas.il. wm phlei. wm. paratuberculosis and ii

sawgpatie.)

Eobayashi ef al (1988) could not demonstrate elevated antibody
levels in CD to lipoarabinomannan (LAM) or M ry*ratuberculosis . Blaser
et al (1984) found no difference between CD and controls in reactivity
to arabincmannan, a common mycobacterial antigen. Chiodini (1989)
postulated that CWD mycobacterial forms would lack common mycobacterial

antigens such as LAM and thus account for lack of anti-LAM antibodies

in CD.

In conclusion, no consistent serological —responses against
mycobacterial antigens have been demonstrated. Mycobacteria are
environmental organisms and human exposure is common. Serum antibodies

may be ubiquitous so that CD and control patients may have raised
levels. Common antigens exist between mycobacteria and other families
of the order Actinomycetales such as Nocardia and Corynebacteria, hence

a wide range of reactivity amongst normal and diseased is 1likely.
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Serum antibodies to antigens of several bacterial pathogens have been
reported (Blaser et al , 1984) indicating a non specific response,
perhaps secondary to increased bowel wall permeability. These results
indicate that serum reactivity is not reliable for examining the
relationship between intestinal disease and mycobacteria. However,
this does not necessarily contraindicate the association of

mycobacteria with CD.

SIMILARITIES TO OTHER MYCOBACTERIAL DISEASES

Similarities between CD and mycobacterioses support a mycobacterial

aetiology. The similarity to tuberculous ileitis is well known.
In the western world, intestinal tuberculosis (TB) is generally
misdiagnosed as CD and diagnosed correctly only after surgery. In
developing countries where TB is common, cases of granulomatous

intestinal disease are diagnosed as TB.

Every clinical, radiological, endoscopic and pathological feature
of CD may occur in primary intestinal tuberculosis, and the two
diseases may be virtually impossible to distinguish. The only

distinguishing criteria are the presence of caseating granulomas or
acid fast bacilli in the intestinal wall or regional 1lymph nodes in
tuberculosis (Lockhart - Mummery and Morson 1960).

The similarity to Johne’s disease has already been considered. M.

para tuberculosis with its absence of caseation 1is a more 1likely

candidate for CD than/?'. tuberculosis. Non caseating granulomas are
also seen in Sarcoidosis, another disease where mycobacteria have been
implicated.

There are many parallels between IBD and leprosy in the presence of
an irrmunopathological spectrum, with the tuberculoid form of leprosy

having many granulcmata but few acid fact bacilli and the lack of
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cultivability of the causative organism. The absence of detectable
organisms in tissues may be analogous to the situation in tuberculoid
leprosy.

Crohn's disease and the mycobacterioses also share extra intestinal
manifestations including arthritis, erythema nodosum and amyloidosis

amongst their seguele.

ANTIMYCOBACTERIAL CHEMOTHERAPY AND CD

The wuse of antimycobacterial drugs in CD has received renewed
attention in the last few years after scattered case reports of CD
patients in remission following co-incidental quadruple anti-
tuberculosis therapy (Warren, Rees and Cox 1986; Schultz et al , 1987).
Ward and McManus (1975) had reported that dapsone was effective in 4 of
6 cases of CD. Prantera et al (1988) also reported that a CD patient
improved dramatically after 2 weeks on dapsone and was in remission at
one year on dapsone alone.

Picciotto et al (1988) found anti-mycobacterial chemotherapy
effective for 9 months in a 22 year old man with ulcerative colitis and
for 8 months in a 26 year old CD patient. It is interesting that their
patient with Ulcerative Colitis also improved on antimycobacterial
drugs.

Thayer et al (1988) 'used rifabutin and streptomycin to treat six
refractory CD patients.

Thayer's group used rifabutin 300mg per day orally and
streptomycin Ig i.m. for 5 days per week for two months. Preliminary
results suggested that therapy was effective in moderating the course
of CD, with marked improvement in their Crohn's disease activity index

(defined by Best et al, 1976).
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There has been recent interest in rifabutin (a rifampicin
derivative) due to high in wvitro activity against M. paratuberculosis
(Chiodini et al , 1984c) and its successful use in the treatment of
parati percu. lor/.? infection in the colony of sturnptail macaque monkeys
where 7/7 monkeys treated with rifabutive survived (McClure e* al,
1987).

Hampson et aI (1989,personal communication) treated 17 CD patients
with rifampicin, ethambutol, isoniazid and pyrazinamide or clofazimine.
Twelve (71%) patients showed statistically significant improvement in
their CD activity index and 9/10 patients were completely withdrawn
from steroids. After 9 months treatment, 10/20 patients treated were
in remission (Hampson et aI, 1989a) and after one year of treatment
objective improvement was found in patients based on indium-111 scans
(Saverymuttu et al , 1986). Mulder (personal communication, quoted by
Chiodini, 1989) also reported some improvement in 8 CD patients treated
with 6 months rifabutin and ethambutol in an open trial. Clearly this
data is encouraging.

However, negative results when using antimycobacterial chemotherapy
for CD have also been reported. Shaffer et al (1984) published the
results of a two year randomised double blinded cross over controlled
trial of antimycobacterial agents in 27 CD patients. They used
rifampicin, ethambutol, sulfasalazine and steroids versus sulfasalazine
and steroids alone. Thirteen patients withdrew due to poor
compliance, need for surgery or adverse effects. They noted no
significant difference in the CD activity index or any other clinical
disease indicators. Rutgeerts et al (1988) noted no improvement when
rifabutin and ethambutol were used in 16 CD patients for 6 months.
They reported a high occurrence of a 'flu-like syndrome (also reported

by Shaffer et al, 1984).
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The "flu-like syndrome with ot without 1leucopenia, frequently

observed in CD patients receiving rifampcin or its derivatives
(Chiodini, 1989) is not understood. It is not seen in TB, leprosy or
AIDS when these drugs are used, and is peculiar to Crohn’s disease.

Patients receiving steroids when rifabutin is initiated do not get the
'flu-like symptoms and perhaps the disorder is an inmune phenomenon.
Seme authors withdrew the drug due to the severity of associated
symptoms (Shaffer, 1984) but others report the syndrome to be
transient (Hampson et al , 1989 a).

If Crohn's disease is caused by an organism such as M.
paratuberculoe.is or an atypical mycobacterium, then treatment schemes
would need to follow current recanrmendations for mycobacterial
infections other than tuberculosis. Even if only a small proportion
of CD cases were due to a mycobacterial infection then it would be of
great relevance to distinguish this group and use chemotherapy rather
than surgery on these patients. The treatment of pulmonary
mycobacterioses in noninrmnocompremised patients is difficult and
includes at 1least quadruple drug therapy for 2-3 years (Tsukamura,
1988; Homick et al , 1988). Current evidence suggests that treatment
for Mycobacterium avium intracellulare may be effective after prolonged
periods (Bass, 1986) ;but in AIDS, although the underlying immune defect
in AIDS is largely responsible, it is impossible to clear these
patients of mycobacteria with conventional antituberculosis agents
(Armstrong et ai, 1985).

It may be that in CD, therapy is needed for a very long time.

However, multiple drug regimens for prolonged periods of time may be
associated with problems. Also, even if antimycobacterial drugs were
effective in CD, their broad spectrum of activity means that this is

supportive but not conclusive evidence for a mycobacterial aetiology.
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Spontaneous exacerbations and remissions in Crohn's disease further
complicate assessment of the effect of these drugs; however, more

clinical trials are certainly warrented to assess more fully the use of

antimycobacterial drugs in CD. At present, larger trials are underway
at St George's Hospital Medical School (Hampson J S, personal
comnini cation) and Cardiff (Jenkins A, personal corrmunication) to try

and answer these questions.

CONCLUSIONS

A host of different mycobacteria have been isolated from CD
patients as well as controls. It is possible that in CD, there is an
abnormal immune response to a common antigen. Also, properties of the
host must not be forgotten.

CD may have multiple causes and also may be multifactorial. The
correct immunogenetic background may be necessary. It is possible that
the intestine may react in a narrow way to different mycobacteria and
that mycobacteria may only cause some cases of Crohn's disease.

The particular difficulties associated with studies of CD are
notable. Assumption that CD is a single disease eutity, grouping of CD
along with UC, and mis-classifications as CD (Calkins and Mandeloff
1986, estimate that more than 20% CD diognoses are not in fact CD). A
possible "latent @period", a prolonged onset-diognosis period and the
possibility that the process is immunologically mediated makes

interpretation of results all the more difficult.
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CHAPTER TWO

The increasing number of unidentified acid fast organisms isolated

from Crohn's disease tissue is notable. Many more of these organisms
have been isolated than mycobacteria themselves. Whilst isolates of
mycobacteria from CD tissue are no doubt of great interest, the

emerging picture of consistent isolation of wunidentified acid fast
forms and spheroplasts may be of even greater significance. No single
mycobacterium has been isolated consistently (Chapter 1, Table 1.4).
However, almost every reseach group has either visualised (Colemont °t
si, 1988) or grown acid fast forms (Van Patter, 1952; Burnham et si,
1978; Coloe ef si , 1986; Haga, 1986 and Haagsma et si , 1988) or
spheroplasts (Chiodini et si, 1984b,1986a; Graham et si, 1987a) .
Certainly, no one has reported protoplast isolation; all isolates seem
to have seme cell wall.

Techniques of Ziehl-Neelsen staining are no doubt different in all
research centres and some groups report Ziehl-Neel sen negative
spheroplasts. However, some of these spheroplasts have reverted to
acid fast bacilli (Chiodini et si, 1984b; Graham ef si, 1987a). Table
2.1 1lists the isolation of such ftnidentified acid fast forms and
spheroplasts from CD tissue as compared to UC tissue and non-IBD
tissue. Some workers have grouped isolates from UC and non-IBD
together as "controls" (Coloe et s.1, 1986; Collins et si, 1986), and
seme authors do not report figures for UC or controls (Van Patter,

1952; Haga, 1986; Haagsma et al, 1988).
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Table 2.1

Isolation of wunidentified acid-fast organisrns or spheroplasts from

patients with Crohn’s disease, Ulcerative Colitis and controls.

CD ucC CONTROLS
(non-IBD)
Van Patter, 1952 3/43 Not done Not done
Burnham et al , 1978 42/76 14/27 3/41
(updated by Elliott et al , 1980)
Chiodini et al, 1986 12/26 0/13 0/13
Coloe et al , 1986 NK/501 0/50%* 0/50*
Haga, 1986 1/31f NK NK
Collins e* al, 1986 5/12 2/22% 4/22%
(updated by Gitnick et al, 1988)
Graham et il , 1987a 17/87 3/25 5/41
(updated by Yoshimura ct al , 1988)
Haagsma et al, 1988 2/75 Not done Not done
TOTAL 81/319 31/232
* - Total of non-CD patients
NK -Not Known
1 - Same cultures stated as positive for acid fast growth, but no
figure stated. Hence, emitted in total.
+ -Total of 31 samples from CD patients, butnumber ofpatients not
known. Hence, emitted in total figure
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To date, acid fast forms/spheroplasts have been isolated from
81/319 CD patients but only 31/232 patients with UC or other bowel
diseases (Total figures, Table 2.1). This is a statistically
significant difference (P<0.0005) by Fisher's exact test. Only Burnham
et al (1978) have isolated a large number of acid fast forms from UC
tissue. If Burnham's figures are omitted, 5 isolates have been
reported from UC patients and only 9 isolates have been reported from
non-IBD patients. It is of note that Burnham's group cultured only
mesenteric lymph nodes from patients with CD, UC and non-IBD patients,
whereas all other groups cultured mainly bowel resection and biopsy
specimens, and Haga also cultured faecal specimens.

Despite different observations with ulcerative colitis, the overall
picture remains clear. More unidentified acid fast forms have been
isolated from CD tissue than mycobacterial isolates themselves. Also
some acid forms were initially isolated as spheroplasts.

Although mycobacteria are classically bacilli, there is evidence
that alternate forms may exist. Cell wall defective forms (Chiodini et
al, 1984b; Rastogi, Levy-Frebault and David, 1983) or yet another form
known as Much's granules (Much,1907). These granules described by Much
in 1907 are filtrable forms of M. tuberculosis, which are just visible

through the 1light microscope. They are not classical bacilli.
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The forms that mycobacteria take

\

Classical bacterial form Much's granules
\Y
Cell wall defective forms
/
Spheroplast
\/
Protoplast
Much found these granular forms in tuberculous tissues in

situations where classical bacilli were difficult to demonstrate such
as 1in tuberculous abscesses. They were not properly acid fast
however, some of the bigger granules were acid fast. When injected
into animals, they did not give rise to typical tuberculous disease,
but if tissues from the first animal were injected into a second, the
second animal developed tuberculous lesions with classical tubercle
bacilli.

Stanford (1987) points out that Brieger, 1953; Csillag, 1964 and
Khomenko, 1987, probably describe observation of Much's granules.
Khcmenko and Golyshevskaya (1984) in Moscow describe 1in detail
filtrable forms of M, tuberculosis which on repeated biological
passages 1in guinea pigs resulted in typical Dbacterial forms. These

ultra-fine filtrable forms were detected in increasing numbers in

patients who had been on triple anti-tuberculosis chemotherapy for
open-cavitatory 1lung disease, the numbers of the ultra-fine forms
increasing with the duration of therapy (Khomenko,1987). By the third

month of treatment, 82% of 130 patients had these forms, despite rapid

disappearance of M. tuberculosis in sputum. However, the cavities
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still remained open. Hence, patients who are considered to Dbe
bacteriologically negative may in fact be carriers of changed forms
which are capable of reverting to classical mycobacteria. These ultra-
fine forms have also been suggested for t], leprae, M avium and M.
para tubercu loris. (Yuschenko, 1970; Potter, 1927; Morin and Valtis,
1927; quoted by Khomenko, 1987), and possibly for the order
Actinomvces

Professor Chandrasekhar from Delhi, India also suggests that cell
wall deficient fonms of tubercle bacilli contribute to microbial
persistence in latent infections (Chandrasekhar, 1978) . Guinea pigs
injected with spheroplasts (obtained using cycloserine treatment) of M.
tuberculosis did not develop tuberculin hypersensitivity or
pathological changes. However, reversion of the spheroplasts to the
bacillary state resulted in initiation of infection (Ratnam and
Chandrasekhar, 1976) . Spheroplast reversion was more likely when the
duration of stay within the host was long.

It is possible that these forms could not only explain the failure

to control tuberculosis worldwide due to bacterial persisters causing

relapse or re-infection, but could also be applicable to other
mycobacterioses,in particular leprosy. Chatterjee (1983) claims growth
of M. leprae in a redox system using biological reductants in the

liquid medium and describes the appearance of non-acid fast coccoids
and bacilli as part of the initial replication process. Stanford
postulated a mycobacterial 1life cycle including bacilli, granules and
globi from which smaller pleomorphic forms could arise (Stanford et
al , 1987).

This could be one of the possible explanations for the presence of
the pleomorphic acid fast forms isolated so far from inflammatory bowel
disease tissue. It could be possible for themto revert to classical

bacilli occassionally.
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PURPOSE OF PRESENT RESEARCH

In 1976, Dr Burnham and Professor J E Lennard-Jones from St Mark'’s
Hospital and Dr J L Stanford frcrn the Middlesex Hospital, London,
decided to try and isolate mycobacteria from the mesenteric lymph nodes
of patients with CD.

Apart from Crohn (1932) and Van Patter (1952), this was the next
concerted effort in a search to associate mycobacteria and CD.
Difficulty in identifying bacteria in tuberculoid leprosy and the known
difficulty of culturing the leprosy bacillus encouraged this fresh
approach to Crohn's disease.

They were the first group to report the growth of pleomorphic acid
fast organisms (PAFOs) in several CD cultures in 1978. Dr R G Bird
performed electron microscopy on these organisms and reported probable
cell-wall deficient organisms, some of which appeared to be in
association with particles of cell wall. Burnham et al (1978)
described the PAFOs in 22/27 CD cultures, 7/13 UC cultures and 1/11
control cultures. The culture medium was RCM broth (initially used in
the study to detect contaminants). They also described growth on
Lowenstein-Jensen medium and Sauton media made hypertonic with sodium
chloride. Growth occured as a fine surface growth after 2-6 months
incubation. Lowenstein-Jensen cultures with ileal extracts did not
improve growth any further. Occasional acid fast bacilli were seen on
Ziehl-Neelsen staining. However more numerous were small PAFOs which
stained poorly withGram stain and appeared mycoplasma-like when
stained with Giemsa.

Elliott et al (1980) updated Burnham's figures of cultures yielding
PAFOs, to 42/76 nodes frompatients with Crohn's disease, 14/27 nodes
frcm patients with UC and 3/41 control nodes. By Fishers exact test,
the CD and UC isolation figures ar highly significant compared to the

controls (p<0.00001 andp<0.0001 for CD and UC respectively) .
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Subculture of these organisms was possible in some cases.

Dr Susan White in her PhD thesis (1981) noted that a significant
number of IBD patients (12/76 CD patients, 2/27 UC patients and 3/41
control cultures) grew Gram positive coryneform-like organisms frcm the
same long term cultures which contained acid fast material. She
thoroughly investigated these coryneforms and divided them into two
groups by primary chromatographic cell wall analysis. One group was
probably the genus Propionibacterium and did not possess mycolic acids
and the other group did possess mycolic acids. The second group fell
into the Corynebacterium/Mycobacterium axis. She concluded that the
coryneform organisms were connected with or were another form of the
acid fast material; that the organisms assume an unusual, possibly cell
wall deficient form in the 1lymph nodes, and become cultivable
generating acid fast material at the surface of the medium wunder
culture conditions |used. At a late stage in culture these would
develop into gram positive coryneform organisms.

This idea was not altogether accepted as coryneforms are well known
contaminants of skin and the GI tract and this may have explained her
findings.White performed cell wall and mycolic acid analysis only on
coryneform isolates. For the purpose of this study, these organisms
were considered to be 1likely contaminants andcultures growing
coryneforms were discarded (Chapter 3).

Many questions remained unanswered. Were the PAFOs truly cell wall
deficient bacteria? Were they secondary invaders through diseased
intestine or could they be reproducibly isolated only from Crohn's
disease tissue? Could the slow growth rate be improved? How
significant were the occassional mycobacterial isolates frcm CD tissue

reported by other investigators compared to the acid fast forms
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reported? Were the acid fast forms pathogenic and could 1lesions be
induced to resemble CD lesions? Was there a suitable animal model that
could be used?

Stanford (1980) suggested that it was quite within the theorectical
capabilities of such an organism (PAFOs) to induce the basic
pathological changes of CD.

Further progress with the PAFOs did not prove possible at the time
(early 1980's) but all cultures were retained in the hope that
technical advances would permit progress at a later date. As part of
the work for this thesis, the pleomorphic forms in these cultures were
passaged and maintained in culture.

Since November 1984, a fresh set of mesenteric lymph node cultures
were collected from patients with CD, UC and controls (patients without
IBD). Some of the lymph node preparations were used for the production
of monoclonal antibodies frcm hybridomas generated from activated B
cells in the lymph nodes of the IBD patients. Chao et al (1988) tried
to determine the specificity of antibodies secreted by the hybridcmas
for binding to food antigens, human gut and bacteria. They concluded
that even this analysis of the antibody response of CD and UC patients
at the clonal level failed to point to a particular genus. A high
percentage of hybridomas did secrete antibodies which bound to
mycobacteria and two of the CD derived PAFOs, (hence the data is
compatible with a mycobacterial cause) but binding to E. coli was more
frequent. Autoantibodies and antibodies to food antigens were rare.
Apart from use in this study, lymph nodes were cultured as described in
Chapter 3.

The purpose of my research was in the first instance to confirm the
findings of Burnham et al, 1978, that PAFOs could be cultured frcm a

significant proportion of CD and UC mesenteric lymph nodes. Not only
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was verification of these findings important, but fresh (new) isolates
were needed. Only mesenteric lymph nodes were cultured as the
inevitable isolation of bowel flora from bowel tissue could complicate
the interpretation of results. Other research workers world wide have
all wused bowel resection or biopsy specimens and have used various
decontamination procedures in order to culture mycobacteria. However,
in this study, the decontamination procedure was to be specifically
omitted in <case it inhibited a fastidious organism or a cell-wall
defective one. Also if an organism was isolated frcm a mesenteric
lymph node, it means this organism was actively taken up into the lymph
node and its isolation would probably be more significant than its
isolation from the gut mucosa.

The PAFOs isolated in 1978 had been maintained for several years in
culture. Several hundred cultures were available. In order to improve
growth rate, if cultures were selected at random, then the possibility
remained that I would be attempting to improve culture techniques on a
variety of organisms and no clear answer would be obtained. If a
group of homogeneous organisms could be found,then attempts at
improving growth rate could be focussed down to this group.

First it was essential to determine if all these PAFOs were similar
to each other or not. The high isolation rate of these organisms from
UC tissue as compared to other research groups (Table 2.1) was
intriguing and it was important to determine if the CD and UC isolates
were homogeneous. Also, were these organisms different to those PAFOs
isolated from non-IBD tissues? Burnham (1980) and White (1981) had not
been able to characterise the organisms mainly because theywere
present in suchsmall amounts, even after months in culture.

Burnham in his thesis considered anyculture bottle which was

Ziehl Neelsen positive to be a ’'positive" culture, but could not obtain
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enough growth to perform mycolic acid analysis. Only electron
microscopy was performed on these isolates (see Chapter 3, Section D) .
Hence, it was decided to try and characterise the organisms.

If acid fast isolates worldwide are to be compared, each research
group must identify their organisms as far as possible to determine if
a consistent organism is being isolated. Comparison of biochemical and
cell wall characteristics (if a cell wall is present) would be wuseful,
and genomic analysis would be ideal as it is so definitive.

Since the organisms were acid fast or partially acid fast it seemed
likely that they belonged to the Corynebact erium-Rhodococcus-'Nocardia ~
Mycobacterium axis. Attempts were made to support this theory, and
especially the possibility that the organisms were mycobacteria were
considered. The role of the PAFOs in Crohn's disease and indeed in UC
would then have to be assessed. A suitable animal model would need to
be found if Koch's postulates were to be fulfilled.

The following factors were analysed by Burnham in his MD thesis,
and no significant difference was found in the PAFO positve culture
group as compared to the negative culture group when considering

- age and sex distribution of patients

any clinical features of the lymph node donors

length of disease history

cultures obtained from 1lymph nodes draining macroscopically
diseased as opposed to non-diseased bowel.

- drugs of any kind taken by patients at the time of operation

(Prednisolone, Salazopyrine, Azathioprine, Septrin,
Metronidazole, Gentamicin, combinations of any of these)

type of operation (hemicolectomy, small bowel resection,
anastomotic resection, laparotcmy, proctocolectomy). Although
more colonic operations are performed in UC compared to CD, no

apparent differences emerged.
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Burnham attempted to relate the presence of granulcmata in surgical

specimens to culture results. In leprosy, there is an inverse
correlation between bacillary numbers and numbers of tissue
granulcmata. This was not found to be the case in for CD. However, it

was noted that if a lot of growth for PAFOs was obtained (2+ or more on
a 0-4+ growth assessment scale), 1less than 3 granulcmas only were noted
per tissue section.

No attempt was made to analyse any of the above factors in this
thesis.

White (PhD thesis, 1981) cultured serum samples from CD patients

and healthy controls for cell wall defective or other organisms but

obtained no growth from any of these. This was not attempted by the
author.
In summary, the aim of the work was to determine if PAFOs isolated

from IBD tissue could be included within the genus Mycobacterium and
also determine if the organisms belonged to a homogeneous group. It
was especially relevant to know if the CD, UC and control isolates were
similar. Finally, it was hoped that a small homogenous group of
isolates could be chosen and then attempts made to satisfy Koch's

postulates.
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CHAPTER THREE
SECTION A
BACTERIOLGICAL CULTURE OF PLECMORPHIC ACID FAST ORGANISMS FRCM

PATIEHTS WITH INFLAMMATORY BOWEL DISEASE

Al. BACTERIOLOGICAL CULTURE OF MESENTERIC LYMPH NODES OBTAINED FROM
PATIEHTS WITH CROHN'S DISEASE, ULCERATIVE COLITIS AND OTHER BOWEL

DISEASES

INTRODUCTION

Mesenteric lymph nodes were used in this study to try and reproduce
the work of Burnham et al, 1978, in attempting to grow acid fast
organisms from cases of CD and UC.

Mesenteric 1lymph nodes often show histological abnormalities and

granulomas. They would be less likely to be contaminated with bowel
flora. Also abnormalities of the intestinal lymphatic system are often
seen early in CD. For these reasons, only mesenteric 1lymph nodes
were cultured. Intestinal tissue was not used. Burnham had initially
used Robertson's cooked meat (ROM) broth to detect anaerobic
contaminants. However, the PAFOS were demonstrated in this medium with
Lowenstein-Jensen being the next most useful medium. Hence both these
media were used, with others, for primary culture of lymph node
specimens.

MATERIALS AND METHODS

All mesenteric lymph nodes were obtained at laparotomy. There were
no ethical considerations in this study, as nodes were only taken from
specimens necessarily removed at surgery. Most 1lymph nodes were
obtained from St Mark's Hospital, London, but a few were from the

Middlesex Hospital, St Bartholomew's Hospital and St George's Hospital.
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Nodes were obtained frcm patients with CD, UC and other bowel diseases
(control nodes). Control nodes were from patients with familial

polyposis coli, radiation enteritis, carcinoma of the bowel, idiopathic

megacolon, rectal prolapse, constipation, volvulus and diverticular
disease. The ages of the control group were on average higher than in
the IBD group, an inevitable consequence of the nature of diseases and

operations from which control nodes could be obtained.

Samples frcm 6.11.84 (initiation of this study) to 4.12.85 were
collected and cultured by Miss Caroline Parmiter. Samples frcm 4.12.85
to 1.8.86 were collected and cultured by Mr Robert Anderson. From
1.8.86, samples were collected and cultured by the author.

All intestinal resection specimens were placed in a sterile pot in
theatre and were collected personally at the time of surgery by the
author or Miss Parmiter or Mr. Anderson to ensure aseptic handling of
the resection specimen. Lymph nodes were then dissected from the rest
of the bowel specimen using a sterile scalpel and forceps. Where
possible more than one 1lymph node was taken. The nodes were
immediately transported in a sterile container to the laboratory and
cultured. If immediate <culture was not possible (only a small
proportion of samples), the nodes were stored at 4°C.

Once in the 1laboratory, work was done in a Category 1 safety
cabinet. The 1lymph node(s) was placed in a sterile petri dish wusing
sterile forceps. Great care was taken to ensure asepsis. The node was
cut in half using a sterile scalpel and scrapings taken from the middle
of the 1lymph node under aseptic conditions. The scrapings were
inoculated into a large Robertson's cooked meat (RCM) broth bottle
(20ml glass universal), a small (5ml bijou bottle) RCM bottle, and a
Lowenstein-Jensen (LJ) slope. Herrold's egg yolk medium (HEYM) with

mycobactin J at 3ug/ml and Sauton's medium solidified with agar was
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sometimes used for primary inoculation (see Table 3.A.2). If more than
one lymph node was obtained, each node was inoculated separately. If
the 1lymph nodes were very small, only RCM bottles and LJ slopes were
inoculated. Each node had an average of two RCM bottles

inoculated. Some nodes were inoculated into four RCM bottles (15

patients) and some patients had more than one node inoculated (6
patients) . Each node was inoculated ontoone LJ slope but 6 nodes were
inoculated onto two LJslopes. Herrold’s egg yolk medium with

mycobactin and Sauton's media were used as primary inoculation media
after 1.8.86. Also rub plates on blood agar were used after 1.8.86 to
detect any contamination by bowel flora. In all, 74 patients had lymph
nodes cultured for this study. All bottle caps were shut to

fingertightness.Cultures were incubated at 32°C in a warm roam.

A.2 CULTURE REVIEW FOR PAFOs
METHODS

Each inoculated bottle or slope was examined weekly for one month
and monthly thereafter. Due to the large number of cultures( >200 in
total), some could only be examined three monthly.

The bacteriology of the cultures was conducted in several stages.
First, the aim was to select cultures that were Ziehl Neelsen (ZN)
positive (ie, this indicates that the PAFOs were present). The second
aim was to obtain cultures that had the PAFOs in pure culture.

The third aim of the bacteriological work entailed subculturing all
positive cultures to prove they were visible and to maintain the
organisms. This procedure was carried out for both the new set of lymph
node cultures and the 1976 culture series (see Section B) .

All cultures were examined by the author. Each culture was
numbered and at the time of examintion, the author had no knowledge of
whether the lymph node inoculated into a particular bottle originated

from a CD, UC or control patient. ZN and Gram staining was done and

71



assessed by the author. For all cultures, whether ROM or LJ, each Gram
stain or ZN stain was performed on a separate glass slide.

Fifteen ZN stains were also coded by number and given to Dr J L
Stanford to be assessed at various times during the study.

A culture was termed "positive'" if there was a visible surface
growth in ROM medium (see Fig 3.A.l1) or if there was slight granulation
or an iridescent sheen on LJ medium, and this was ZN positive (Fig
3.A.3).

Surface growth in RM was visible by eye, but LJ slopes were
examined using the dissecting microscope unless granulation was clearly
visible to the naked eye. Colonies causing the granulation appearance
were colourless and dame shaped. Hence, if visible growth was observed
on ROM, or on the LJ slope, or HEYM (colonies on HEYM gave a similar
appearance to those on LJ and cultures on Sauton's medium were never

positive), then Gram and ZN stains were performed.

A.3 SELECTION OF CULTURES FOR FURTHER WORK

Selection of cultures for further work had to be done meticulously
as it was vital to choose cultures with a pure growth of PAFOs. If
contaminants were not screened out, any DNA detected might be due to
them. Probes may hybridise to contaminant DNA and any protein patterms
detected may be mixtures of patterms of PAFOs and contaminants, a
situation I wanted to avoid.

Any sample which yielded gut flora on the rub plate or appeared
contaminated in all bottles inoculated within one week was not used for
any further investigation as the original lymph node must have been
contaminated. Obvious heavy growth,due to contaminants was easily
noticed. However contamination of ROM broth may not be readily visible,

or may be difficult to assess by the naked eye;thus a contaminant
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screen was necessary for every culture bottle which was not grossly
contaminated.
A contamination screen consisted of subculture of each bottle using

a 101.11 loopful onto

'_l

. Blood agar incubated aerobically for one week

N

. Blood agar incubated anaerobically for one week
3. Chocolate agar incubated in CO2 for 5 days
4. Mycoplasma medium (2-5 days)
5. Sabouraud's slopes kept up for 3 weeks.
The Gram stain was used to assess the presence of contaminants and/or
PAFOs,
Al]l those ROM bottles screened by this method which gave no growth
on the above and whose surface growth was ZN positive were suitable for

further investigation (eg by electrom microscopy, DNA analysis etc).

LOWENSTEIN-JENSEN (LJ) SLOPES

LJ slopes, if grossly contaminated, were usually obvious since the
slopes turned yellow, disintegrated, or produced large amounts of
bacterial growth of non acid-fast organisms.The PAFOs never gave this
appearance and were just visible to the naked eye as granulation or
were only visible under the dissecting microscope. Hence, the amount
of subculturing onto blood agar plates etc from LJ slopes was minimal.

All contaminants were identified, in case a pattern emerged where
for example, the same organism was repeatedly cultured.Great care was
taken to isolate anaerobic contaminants (such as Propionibacterium sp.)
and the Coryneform group organisms. This group of organisms in
particular could have a Gram stain appearance that could be confused
with that of the PAFOs but would be readily differentiated by growth on
blood agar (PAFOs would not grow on blood agar). Some of the cultures

were incubating for between two and three years and contaminants, if
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present, may not have grown in 48 hours. Hence, extended incubation
periods for up to 7 days were used.

Contaminants were identified by Gram stain and tests suitable to
the organism, such as catalase, coagulase, carbohydrate fermentation,
API strips, urease or other suitable biochemical tests.

Cultures that appeared '"negative'" (ie no surface growth in ROM, no
granulation on Lowenstein-Jensen) were left undisturbed even for
several (6-8) months. The cultures were opened only when used for DNA
analysis, electron microscopy, TSA analysis or whichever investigation
was required. If a "negative" (negative for PAFOs), culture was used
for further investigation, the culture was screened for contaminants as

for a "positive" culture. Also, a Gram stain and ZN stain was done.

SUBCULTURE

Some of the surface growth and some broth (usually a 10t.11 loopful)
was subcultured to fresh ROM broth (one large and one small bottle), a
Sauton's slope and an LJ slope to make sure the organisms could be
passaged and to maintain fresh cultures. The subcultures were incubated
at 320C for long periods and examined at weekly intervals for the first
month and then monthly thereafter.

In order to avoid opening the ROM culture bottles on several
occasions which would increase the contamination rate ( a well known
problem especially with broth cultures), all the above were done on the
same occasion. The organisms were not easy to pick out with the
plastic bacteriological loop and a nichrome loop was better for this
purpose.

If no growth was seen on an LJ slope, then no subculture was
performed, but the surface was gently scraped and emulsified in a
small amount of saline on glass slides, and a Gram stain and ZN stain

was performed.
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MYCOBACTIN

8 ROM cultures positive for PAFO growth were subcultured to 16 RM
bottles with added mycobactin (3‘.1g/m1) to observe if mycobactin
improved PAFO growth.

By the end of the study, at least one culture (usually several
cultures) per patient have been examined. Certainly every large RM
bottle was examined unless obviously contaminated when an alternate
bottle was used. Each and every node from all patients was subjected
to the above procedures. The following terminology has been used

throughout this chapter and thesis.

Positive culture RM or other culture positive for growth of PAFOs

Negative culture RM or other culture negative for growth of PAFOs
Control node = Node obtained from a patient with neither CD or UC
(control culture)
(non IBD cultures)

Positive control Standard mycobacteria, eg 4. kansasii, M. smegmatis

grown in RCM medium at 329C

Negative control Uninoculated RCM bottle at 320C for the same length

(uninoculated

control) of time as the CD, UC and non IBD cultures.
RESULTS

PRESENT CULTURE SERIES

SECTION A.1 AND A.3

In all, 74 patients had mesenteric lymph nodes cultured in RM
medium and LJ medium and several were cultured on HEYM and Sauton's
medium as well.

Of these, 17 cultures were considered unsuitable for further
investigation due to contamination of all media with intestinal or skin

bacteria.
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Table 3.A.1
NO OF PATIENTS

CD ucC Non-IBD Total
Controls

Number of 35 20 19 74
lymph node donors
Contamination 10 5 2 17
detected in all
media/rub plate
No of patients 25 15 17 57
fran whom lymph node
cultures could be
investigated further

No one organism was cultured. The range of organisms cultured
included Escherichia coli, Proteus mirabilis, Clostridium species,
(mainly C.perfringens), Bacteroides fragilis, Klebsiella sp.,
Micrococcus, Enterococcus sp., Lactobacillus sp. /Staphylococcus
epidermidis, Diptheroids, Propionibacterium sp., Candida sp. and
Torulopsis glabrata

Even if no growth was obtained, but the Gram stain of the culture

showed Gram positive cocci, Gram negative rods etc, or was in any way
inconsistent with the presence of PAFOs in pure culture, then that
culture was not used for further work.

A few of the subcultures were inadvertently contaminated - an
inevitable problem associated with handling broth cultures. These were

not used for further study.

DISCUSSION

Contamination by intestinal bacteria was a predicted problem
despite the wuse of mesenteric lymph nodes. Ambrose et al (1984)
isolated intestinal bacteria from 33% of 46 CD mesenteric lymph nodes
and 5% of 43 non Crohn's nodes. In the present study, 29% of
mesenteric lymph nodes (10/35) from CD patients were found to be

contaminated, as were 25% of UC patient nodes (5/20) and 11% of non-
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IBD nodes (2/19). This suggests that bacteria do leak from the small
bowel lumen in IBD.

A few of the cultures were not contaminated with intestinal flora,
but with diptheroid skin flora and this could have occurred at the time
of surgery, or at the time of resection and culture of the lymph node
specimen. Corynebacterium species could have originated from the
intestine or from hands but were not considered significant in either
case (contrary to Sue White's PhD thesis, 1981). Of 74 patients who
were lymph node donors, cultures from 57 were chosen for further
investigation. At least one of the cultures of the set inoculated per
patient in this group of 57 were not contaminated by either intestinal
bacteria or ordinary skin flora and could therefore be used for further

analyses.

SECTION A2

PRIMARY ISOLATION OF PAFOs FROM RCM CULTURES

Culture review: A total of 175 cultures fraom 57 patients were
reviewed. Growth was observed 3-8 months after inoculation of the
lymph node scrapings. If the bottles were left untouched, growth
continued to increase slowly. Hence, cultures were not always stained
by ZN, subcultured and checked for contamination as soon as growth was
observed. They were left for a further 3-6 months enabling growth to
continue, so that enough bacterial cells would be present for them to
be characterised. The lymph node samples were collected over a period
of more than two years, hence cultures were staggered in time and work
was not held up whilst waiting for more growth to occur.

The time noted for evolution of positive growth is not necessarily
accurate as soame cultures were reviewed only after three months of
incubation. However, none of the cultures reviewed monthly showed any
growth before three months and this was considered the minimum time for

positive growth to be noted in RCM medium.
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Successful isolation of the PAFOs, using ROM as the primary
isolation medium was achieved in 17/25 CD patients, 11/15 UC patients
and 3/17 controls (Table 3.A.2 and 2.A.3). The isolation rate from CD
and UC are highly significant compared to the controls. The actual
culture numbers rather than numbers of patients from whom PAFOs were
isolated is shown in Table 3.A.3. It is seen that duplicate positive
cultures from each patient were avaiable in most cases.

Of the 15 Ziehl-Neelsen stains examined by Dr J L. Stanford, those
scored as positive were also scored as positive by the author,

indicating consistency in slide assessment.

GRAM STAIN APPEARANCE

On Gram staining, the appearance of the organisms was variable.
Usually they stained very poorly, others were faintly Gram positive.
PAFO isolation in the present series is campared with the old series
(updated figures, Elliot et al, 1980 in Table 3.A.4). The results from
control nodes in the present series appears high (18%, Table 3.A.4) due
to the small number of nodes cultured. If this figure is assessed in
comparison with the total number of cultures set up from control nodes
(Table 3.A.3), only 6/47 control cultures are positive for PAFO growth.
Results are seen to be comparable between the present and the old
series, although the isolation rate in the present series from CD, UC

and non-IBD cultures was higher than the old series.

PRIMARY ISOLATION OF PAFOs FROM LJ MEDIUM

If slight granulation was observed on the surface of LJ medium, ZN
staining was performed. However, most slopes needed to be checked
under the dissecting microscope before growth could be seen. 7/25 CD
cultures, 4/15 UC cultures and 1/17 non-IBD controls grew PAFOs (Table

3.A.2). All cultures that were positive on LJ were also positive in
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RCOM. Cultures were positive on LJ media only at approximately 10
months incubation (range was 9-12 months), and only very little growth

was observed on the surface on the LJ slope.

OTHER MEDIA FOR PRIMARY ISOLATION

Two CD lymph nodes did yield PAFOs on Herrcold's egg yolk medium
with mycobactin at 7 and 11 months—also noticed in ROM at 7&5months.
Sauton's slopes were of no use for primary isolation of the organisms

(Table 3.2.2).

RESULTS OF SUBCULTURE

All cultures with PAFOs were subcultured. By this stage, all those
with contaminant bacteria had been discarded. The results of
subculture are shown in Table 3.A.5. Subculture from ROM was always
more successful than subculture from LJ medium partly because the
amount of growth on LJ was so small.Also subculture from RM to LJ
was not very successful - subculture was successful in only 3/17 cases
to LJ(CD)and took more than 4 months to become positive. With RM
however, 15/17 CD cultures with the PAFOs could be passaged without any
difficulty. Subcultures were positive by three months. In UC cases,
9/11 cultures were passaged and 3/3 control (non IBD) cultures were
passaged. The figures represent PAFOs cultured per numbers of patients.
In actual fact as each subculture was passaged to two Robertson's
cooked meat broth bottles, it meant that at least four cultures were
available after each subculture.

1 node —> 2 RM bottles —> 4 ROM bottles
(primary inoculation) (first subculture)

Passage from either ROM or LJ to Sauton's medium was unsuccessful.
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SECOND PASSAGE

Due to successful subculture being obtained mainly in RM medium,
second passage was attempted only from RIM to RM cultures. 24/27
cultures subcultured (14 CD, 8 UC and 2 non IBD controls) grew PAFOs
within 2-3 months of subculture.

No differences were noticed either in growth rate or amount of
growth in large or small RCM bottles. However, due to the larger
volume of material, the large ROM bottle was expected to have more

organisms in total.

MYCOBACTIN DEPENDENCY

Two cultures yielded PAFOs on HEYM with mycobactin. However they
were not mycobactin dependant as they grew also in ROM (without added
mycobactin). Further they were subcultured onto RIM & HEYM without
mycobactin and took 2 months and 4.5 months (1 culture) and 2.5 months
and 6 months (2nd culture) to grow on R(M & HEYM respectively.

8 RM cultures were subcultured to 16 RM bottles with added
mycobactin. Growth was observed at the usual time. No enhanced growth

was observed.

DISCUSSION

No whole mycobacteriun was isolated from any of the lymph nodes
cultured. However, a large percentage of RCM cultures showed a surface
growth at 3-8 months which was ZN positive. Subcultures took 2 or more
months to grow. A much smaller percentage of LJ slopes were positive at
9-12 months. Subcullures took 4 months to grow. RM medium at 320C
proved to be the best medium overall.

The isolation of PAFOs from these mesenteric lymph node cultures
confirmed previous observations by Burnham et al in 1978. In the
present series, 17/25 CD nodes and 11/15 UC nodes grew PAFOs campared

to 3/17 control nodes. These isolates could be passaged in vitro. All
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organisms could be grown on mycobactin free media. The 2 cultures that
grew in HEYM with mycobactin grew later in mycobactin free media. Hence
these organisms were unlikely to be M. paratuberculosis. This was later
confirmed by genomic analysis (Chapter 5).

In conclusion, PAFOs were isolated from a high proportion of IED
tissue compared to controls. These organisms were shown to be viable
as re-isolation was possible by subculture. Pure cultures free of
bacterial contaminants were chosen for DNA analysis (Chapters 4 and 5)

and other studies (Chapters 6 and 7).

ISOLATION OF PAFOS FROM ULCERATIVE COLITIS

The finding of a high proportion of positive cultures in this group
raises several points. The observation is consistent with previous
evidence for a transmissible agent in UC as well as CD (Cave, Mitchell
and Brooke, 1975). It could be postulated that the difference in the
pathology of UC and CD could be due to a different host reaction to the
same agent. Assuming that the UC isolates are the same as the CD
isolates may not be correct. For this reason alone, comparing the

characteristics of the CD and UC isolates was important.
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Bottle
Fig 3.A.1
Appearance in RCM culture of PAFOs (Bottle 2). Note surface growth.
This is Ziehl-Neelsen positive when stained. All cultures incubated at
32°C.
Bottle 1 Four week old culture of M. kansasii.

Bottle 2 Growth of the PAFOs frcsna CD lymph node after 18 months
in culture.

Bottle 3 Uninoculated RCM bottle incubated at 32°C for 18 months
(No surface growth)

Bottle 4 Four week oldculture of (. smegmatis
Note: There is less growth after 18 months in culture of CD-tissue
derived organism, compared with 1 month old cultures of M. kansasii or

M. smegmatis.
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Fig 3.A.2
Ziehl-Neelsen stain of some broth from bottle 3 in Fig 3.A.I.

(Uninoculated RCM culture at 32°C) . ZN stain is negative.

This is to be contrasted with Fig 3.A.3 a-d.
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Fig 3.A.3 a, b, ¢, d

Representative examples of PAFOs (Ziehl-Neelsen stain) .

Note pleomorphic and variable appearances. Sometimes occassional acid
fast bacilli were present.

>

Fig. 3.A.3.a Appearance after 9 months in RCM broth culture: CD
culture

Fig 3.A.3 b UC culture showing pleomorphic forms
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Fig 3.A.3.C ZN stain showing PAFOs - appearance after several months
in RCM : CD culture

Fig 3.A.3.d ZN stain of organisms from LJ slope (CD patient D.H.)
Organisms failed to grow for further identification.
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TABLE 3.A.2

Cultures Positive for PAFOs on Primary Isolation on Various Media

Group Total RCH LI AEIM with mycobactin  Sauton's
¥o of LNs  No L o No Yo o Yo No
in study cultured positive cultured positive  cultured positive cultured positive

D 25 25 17 25 1 5 2 4 0
ue 15 15 11 15 4 ? 0 2 0
Controls 17 17 3 17 1 2 0 2 0
Table 3.A.3

PAFO isolation in ROM cultures (present series)

Positive Cul tures*/ Positive Cultures*/

No of Patients No of Cultures Studied
CD 17/25 44/61
uc 11/15 47/67
Control 3/17 6/47

*A positive culture is one where visible growth was obtained in RM

medium and this was Ziehl-Neelsen positive.
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Table 3.A.4

PAFO isolation rate in ROM: Comparison of old and new series

Positive Cultures* /No of Patients

1976 Series New Series
cD 42/76 (55%) 17/25 (68%)
p<0.00001 p<0.002
uc 14/27 (52%) 11/15 (73%)
p<0.0001 p=0.002
Control 3/41 (7%) 3/17 (18%)

P values (Fisher's exact test) are in comparison to the respective

control node isolation rates.

*A positive culture is one where visible growth was obtained in RM

medium and this was Ziehl-Neelsen positive.

Table 3.A.5

Results of subculture of positive cultures from ROM and LJ

---------------------------------------------------------------------------------------------

Pasitive cultures on Positive cultures on

¥o Subculture from RCH to No Subculture from LI to

Positive Positive

RCH LJ

cultures RCM LJ Sautons culures  RCM LI Sautons
Crohn's Disease 17 15 3 0 7 3 ) 0
Olcerative Colitis 1l 9 3 0 4 1 0 0
Controls 3 3 1 9 1 0 0 0
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SECTION B : 1976 SERIES OF CULTURES

INTRODUCTION

The purpose of analysing this set of cultures was not to determine
numbers of positive cultures (for PAFQ§ for CD, UC and controls. This
had already been published by Burnham et sl (1978).

These long term cultures needed to be screened as for the new sets
of cultures and bottles with a pure growth of PAFO identified. These
PAFOs needed to be subcultured as before to obtain more growth for
investigation. The primary aim of identifying the ROM bottles that
contained the PAFO from this series was to compare the characteristics
of these organisms to those of the new series. Also as these cultures

were over ten years old, viability studies needed to be done.

MATERIALS AND METHODS

The mesenteric lymph node cultures originally collected by Burnham
et al. and White were stored as long term cultures in the warm room at
320C. Even though 362 cultures fram 73 patients were available for
investigation, it was impossible for all to be analysed. Already, 175
newly inoculated cultures from the 1984 series were being investigated.
136 of the 362 cultures (at least one culture/patient) were studied.
In addition, extra cultures were chosen, based on the appearance of
good surface growth in ROM. Most LJ cultures were either dry or
extremely old and were not studied. Also, previous work by Burnham and
White with this culture series had shown that their ROM cultures gave
better growth than LJ cultures. However, 10 LJ slopes were examined.
Each culture was subcultured as described in Section A so fresh
cultures were available. A full contaminant screen, Gram stain and ZN

stain were performed (on cultures and subcultures) as described.
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RESULTS
RCM CULTURES

Results are shown

cultures from 10 CD patients,
cultures from 6 control

contaminants and excluded from the study.

in Table

2.B.1 for RM cultures.

5 cultures from 4 UC patients

16

and 6

(non 1IBD) patients were found to have

ZN stains were done on the

rest of the cultures and those that were positive were used for further

investigation (cultures

from 22 CD nodes,

€é UC nodes and

2 control

No of nodes investigated
for PAFO

(Other cultures

excluded due to
bacterial contamination)

Number

Nodes

IN Positive

nodes).

Table 3.8.! 1976 SERIRS
No RAvailable for Study
No. of No. of
Nodes Cultures

ch 3 M7

ne 13 12

Controls 17 3

{non-1RD)

Number used
No. of No. of
Nodes Cultures
3 7
13 29
17 30

11

-~
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LJ Slopes

ZN staining was negative in 7 of 10 (4 CD, 4 UC and 2 non-IBD cultures)
LJ slopes examined. One LJ slope from a CD patient showed a good growth
of acid fast organisms which was identified as Mecardia astercides.
These organisms grew on subculture within one week and were not
confused with the PAFOs which have quite a different ZN appearance and

growth rate.

DISCUSSION

The organisms from the 1976 culture series were bacteriologically

identical to those 1isolated from the present series.
Growth was observed best in RM cultures incubated at  320C,
Mycobac