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Mycobacterium paratuberculosis DNA not detected
in Crohn's disease tissue by fluorescent
polymerase chain reaction

D S Rowbotham, N P Mapstone, L K Trejdosiewicz, P D Howdle, P Quirke

Abstract
The role of mycobacteria in the aetiology
of Crohn's disease has been a contentious
subject for many years. Mycobacterium
paratuberculosis is known to cause a
chronic granulomatous enteritis in
animals (Johne's disease) and has been
implicated as a possible infectious cause
of Crohn's disease. However this fastidi-
ous organism is only rarely detected by
conventional microbiological techniques.
This study used oligonucleotide primers
to the species-specificMparatuberculosis
IS900 DNA insertion element and the
polymerase chain reaction to amplify any
M paratuberculosis DNA from intestinal
tissue DNA extracts. One oligonucleotide
primer was fluorochrome-labelled and
the presence of fluorescent amplified pro-
duct was determined using an automated
DNA sequencer with a computerised
gel-scanning laser. This method was
shown capable of detecting 1-2 mycobac-
terial genomes. Intestinal tissue samples
were obtained from 68 patients with histo-
logically confirmed Crohn's disease, 49
patients with histologically confirmed
ulcerative colitis, and 26 non-inflamma-
tory bowel disease controls. In no case
wasMparatuberculosis detected in any of
the inflammatory bowel disease tissue
samples and only one non-inflammatory
bowel disease case was positive. These
results do not support the hypothesis that
M paratuberculosis has an aetiological
role in Crohn's disease.
(Gut 1995; 37: 660-667)

Keywords: Crohn's disease, Mycobacterium
paratuberculosis DNA, polymerase chain reaction.

however, has been difficult to define because of
the slow growth rate and fastidious nature of
this organism in vitro12 and also because of its
very close similarity with Mycobacterium avium,
a species ubiquitous in the environment'3 14
and therefore in the human gut. This makes
accurate identification by conventional micro-
biological methods very difficult.
The discovery of IS900, a repeating DNA

insertion element in the M paratuberculosis
genome specific to that organism9 15 16 was an
important step forward. Utilisation of the poly-
merase chain reaction (PCR) to amplify
fragments of IS900 permits rapid and accurate
detection of M paratuberculosis DNA from
tissue without the need for laborious and
time consuming culture.17 18 However, recent
published reports are conflicting. Reports of
positive detection ofM paratuberculosis DNA
from intestinal tissue of patients with Crohn's
disease'9-22 were not substantiated by reports
from other centres that describe negative
results using PCR.23 24 Thus, a mycobacterial
aetiology for Crohn's disease remains a
contentious hypothesis.

Recent advances in technology combining
the use of fluorochrome-labelled oligo-
nucleotide primers for PCR, along with laser
detection of the amplified fluorescent DNA
products, permits more sensitive identification
of positive samples. This obviates the need for
laborious techniques such as Southern blotting
and the handling of radioactive probes.
Therefore, utilising such technology, this study
was undertaken to apply these new techniques
to DNA extracted from intestinal tissue so as
to assess the prevalence ofM paratuberculosis in
the human gut from patients with Crohn's
disease, ulcerative colitis, and also from non-
inflammatory bowel disease controls.
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The aetiology of Crohn's disease remains
unclear. The similarities between this condi-
tion and intestinal tuberculosis, however, led
to the original and persisting hypothesis that
Crohn's disease could also have a myco-
bacterial origin.1 2 In recent years much atten-
tion has been focused on one particular
mycobacterial species, namely Mycobacterium
paratuberculosis. This organism is known to be
the cause of Johne's disease, a chronic
granulomatous enteritis of ruminants3 4 and of
chronic enteritides in other animals, including
primates.5 M paratuberculosis has been cul-
tured from a small number of patients with
Crohn's disease.-11 A possible aetiological role,

Methods

PATIENTS AND SAMPLES
Samples of intestinal tissue were obtained from
patients undergoing either colonoscopy or
surgical resection at The General Infirmary or
St James's University Hospital, Leeds.
Included in this study were 68 patients with
Crohn's disease, 49 patients with ulcerative
colitis, and 26 non-inflammatory bowel disease
controls, comprising rectal bleeding (five
cases), diarrhoea (four cases), changed bowel
habit (four cases), anaemia (four cases),
irritable bowel syndrome (three cases), colonic
polyps (two cases), ascites (one case), coeliac
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Characteristics ofpatients

Crohn's Ulcerative
disease colitis Controls

Number 68 49 26
Age
Mean (y) 46-3 43-8 52-8
Range 15-80 14-78 26-80

Sex ratio (male:female) 21:47 25:24 11:15
Colon 59 49 26
Small intestine 9 0 0
Immunosuppression

(local/oral/parenteral) 61 434

In two cases there was both small and large bowel material
available for PCR from the same patient. These were analysed
as separate specimens. The other small intestinal specinens
were obtained from patients in whom there was also evidence
of colonic disease but no colonic tissue could be collected.

disease (one case), systemic lupus erythemato-
sus (one case), and pseudomembranous colitis
(one case). The diagnoses of Crohn's disease
and ulcerative colitis were confirmed using
standard clinical, radiological, and histological
criteria. Tissue samples were obtained from
both diseased and macroscopically normal
intestine, where possible, in all patients. The
Table shows the characteristics of subjects in
each disease group.

Colonoscopic biopsy specimens were
immediately placed into dry, sterile 2 ml
microcentrifuge tubes. Resected tissue speci-
mens were wrapped in clean aluminium foil
and placed in a new container. All samples
were labelled and snap frozen by immersion in
liquid nitrogen and stored at -70°C until
required.

DNA EXTRACTION

Patient tissue samples
Samples were thawed and placed in 2 ml
microcentrifuge tubes for digestion (approxi-
mately 1 gram of tissue per tube). The diges-
tion buffer comprised 100 mM NaCl, 25 mM
EDTA (disodium salt), 05%/o w:v sodium
dodecyl sulphate (SDS) and 10 mM TRIS-
HC1 (pH 8.0). Some 200 pl of digestion buffer
containing Proteinase K (Gibco BRL, Paisley,
Scotland) at a final concentration of 2 mg/ml
was used per tube. Samples were incubated at
37°C for 60 hours with constant agitation. At
the end of the incubation, 200 pI of lysis
buffer, (10 mM EDTA, 10 mM TRIS-HCI
(pH 8-0) and 0. 1/% w:v polyethylene sorbitan
monolaureate (TWEEN 20)), containing
chicken egg lysosyme (Boehringer Mannheim,
Lewes, Sussex, UK) at 4 mg/ml was added and
the tubes mixed at 37°C for a further two
hours. After digestion, 67 ,l of
5 M NaCl and 50 gl of 0.7 M NaCl contain-
ing 10% w:v hexadecyltrimethylammonium
bromide (CTAB) were added to each tube.
The water used in all the experiments was
'Molecular Biology Grade' (Mercks BDH
Laboratory Supplies, Poole, UK).

Following incubation at 65°C for 10
minutes, samples were subjected to two cycles
of chloroformlisoamylalcohol extraction (24:1
v:v) and a single extraction with TRIS buffer-
saturated phenol:chloroform:isoamylalcohol
(25:24:1 v:v; Amresco, Solon, Ohio). The
DNA was then recovered by precipitation with

1 ml of ice cold absolute ethanol (analytical
grade) and 100 plI of 3 M sodium acetate (pH
5.2) at -20°C overnight. DNA was pelleted by
microcentrifugation for 10 minutes. Excess salt
was redissolved and removed with 1 ml of ice
cold 70% ethanol, and the tubes were dried in
a desiccator for two hours. Finally, the DNA
was resuspended in 100 ,ul of water and
incubated, with tumbling, at 37°C for 48 hours
to ensure complete dissolution. Extracted
DNA samples were stored in the dark at +4°C
and used for PCR experiments within seven
days.
One blank tube with no intestinal tissue was

included with each batch of samples undergo-
ing DNA extraction to act as a control for the
extraction procedure.

Mycobacterium paratuberculosis organisms
To confirm successful extraction ofDNA from
M paratuberculosis, aliquots of Mycobacterium
avium ss paratuberculosis (strain 'Map') were
used, grown from stock cultures kindly
donated by Professor J Ivanyi, London, UK.
These organisms were cultured in Kirchner's
medium (Southern Group Laboratory, Corby,
UK) enriched with mycobactin (kindly
supplied by Professor C Ratledge, Hull
University, UK). One hundred ,ul aliquots of
M paratuberculosis in Kirchner's medium were
placed into sterile 2 ml microcentrifuge tubes.
Half of the tubes were then snap frozen in
liquid nitrogen and kept at -70°C for two
hours before thawing to reproduce the condi-
tions experienced by the intestinal tissue
samples. Both fresh and prefrozen M para-
tuberculosis organisms were processed using the
DNA extraction techniques described above.

Johne's disease tissue
Paraffin wax embedded intestinal tissue from a
goat, confirmed to have Johne's disease by
histology, Ziehl Nielsen staining, and culture,
was kindly provided by Dr David Piercy,
Central Veterinary Laboratory, Weybridge,
Surrey, UK. After dewaxing, the intestinal
tissue was processed using the DNA extraction
procedure as above.

'Linda' strainM paratuberculosis positive
controlDNA
M paratuberculosis of the 'Linda' strain was
kindly donated by Dr D Y Graham, Houston,
Texas. This strain was cultured from the
intestinal tissue of a young patient with
Crohn's disease.6 7 The mycobacteria were
provided in the form of solid culture on a
Lowenstein-Jensen slope. The organisms were
harvested and DNA extracted enzymatically by
the process described above. This DNA was
used as the positive control in all experiments.
The concentration ofM paratuberculosis DNA
was assessed by fluorimetry using 0-1 pug/ml
Hoechst 33258 (Polysciences, Warrington,
PA) in TNE buffer, (10 mM TRIS/HC1, 1
mM EDTA, 100 mM NaCl at pH 8.0), on a
TKO 100 Fluorometer (Hoefer Scientific
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1 2 3 4 5 6 7 8 9, 0,11 12 1314 1516 17f
Figure 1: Amplification and detection offluo
M paratuberculosis DNA by IS900 PCR.
showing green fluorescent 400 base pair (bp)
product in lanes 1 and 2 (Johne's disease tiss
concentrations of50% and 100%), lane 11 (
paratuberculosis DNA) and lane 12 ('Ma
paratuberculosis DNA). The gel lanes are:
J7ohne's disease tissue; 3 M marinum; 4 M f
M tuberculosis; 6M bovis; 7 M avium; 8
M reynolds; 10M malm; 11 M paratuber
('Linda'); 12 M paratuberculosis ('Map')
M kansasii; 15 and 16 blank DNA extracti,
no DNA PCR negative control. Genescan 2.
Standards are seen as multiple red bands in d
permitting accurate sizing offluorescent prod
base pair in length.

Instruments, Newcastle under Ly
UK). Stock 'Linda' DNA was t]
diluted 10-fold with water to prov
of concentrations from 1 to
M paratuberculosis DNA.

'Spiking' experiments
A set of experiments was designed
any inhibition of either DNA extrac
sequent PCR amplification ofMpc
sis DNA by human tissue. Norm
tissue from a non-inflammatory bc
patient (irritable bowel syndrome)
and divided into sterile microcentr
One tube was capped and used ar

41~~4U~kM~~w~Ai
t 400 bp

Figure 2: Detection offluorescent M paratuberculosis DNA by IS900 PCG
sectional electrophoretogram ofan individual gel lane showing 400 base pair
fluorescent peak indicating positive amplification and detection of 10-7 diluti
M paratuberculosis DNA. This equates to the detection, by PCR, of - 10)
M paratuberculosis DNA, equivalent to 1-2 mycobacterial genomes.

control for this experiment. To the other tubes
were added 50 jil aliquots of mycobacterial
suspensions from stock cultures (donated by
Professor J Ivanyi , London) in Kirchner's
medium. The species used were M paratuber-

<--. 400 bp culosis (strain 'Map'), its closest relative
M avium (strain 'MaB2') and BCG-P
(Pasteur). All tubes were then snap frozen in
liquid nitrogen, thawed, and processed using
the DNA extraction process described above.

Comparison ofDNA extraction techniques
rescent The DNA extraction method described above
Gel image was developed after experience with many
amplification techniques and represents the most efficient
('Linda'M DNA extraction process in our hands. In view
p'M of positive results published during the course
1 and 2 of this study, however,19 experiments were set
M terrae; 9 up to compare directly our DNA extraction
rculosis method with the method used in the published
); 13 BCG; 14 study. Resected specimens from five patients
,on controls; 17
500 Rotx°; with Crohn's disease stored at -70°C were

each gel lane thawed and quartered, using a new sterile
ructs to a single scalpel blade for each specimen, and placed

into sterile microcentrifuge tubes. Two tubes
from each patient were taken for DNA extrac-

fme, Staffs, tion using the method exactly as described by
hen serially Sanderson et al 19 and two tubes were extracted
ride a range using the method described above. Before
1 X 10-9 of commencing extraction, one tube from each

pair was 'spiked' with an aliquot of stock M
paratuberculosis ('Map') suspension. Samples
were then put through the respective DNA
extraction techniques and the precipitated

1 to exclude DNA redissolved in water or TEN buffer as
.tion or sub- appropriate. DNA extracted from spiked
zratuberculo- samples was serially diluted 10-fold, giving a
al intestinal range from 1 to 1 X 10-6 before use in the PCR
)wel disease assay.
) was taken
ifuge tubes.
s a negative PCR ASSAY

The 5' portion of IS900 chosen for amplifica-
tion produced DNA fragments of 400 base
pairs in length. The pair of oligonucleotide
primers used were synthesised using a 391
DNA Synthesiser (Applied Biosystems,
Warrington, UK). The sequences of the
primers used were 5'-X-GTT CGG GGC
CGT CGC TTA GG-3' (primer 1) and 5'-
GAG GTC GAT CGC CCA CGT GA-3'
(primer 2). Primer 1 was prelabelled with a
fluorescein-derived dye, Joe (Applied
Biosystems), in the position represented by X
in the base sequence description above.
The PCR was performed in 50 pA total vol-

umes in sterile 500 ,l microcentrifuge tubes.
Fifty pmol of the standard ammonia based
primer 2 was dried down in each tube using a
desiccator. PCR reaction mixtures were made
up using the following reagents: 5 pAl PCR
buffer (100 mM TRIS/HCI (pH 9.0), 500 mM

L - ^;XL KCl, 1% TritonX 100, and 0.1% gelatin
made up as l0Xstock), 7.5 ,ul MgCl2 (1.5
mM), 8 gl deoxynucleotide triphosphates

?. Cross (dNTP; 100 ,uM; Boehringer Mannheimer),

ion of Linda 20 pmol fluorescent primer 1, one unit of Taqig of DNA polymerase, and water up to 49 gl. Two
drops of mineral oil (Sigma Chemical, Poole,

50 H

0 --. .*- .. 5 - 9 5 m a *ww E- -M su-§§ m v*9 .5w -wwwEr
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1 2 3 4 5 6 7 8 910111213141516171819

controls were added first, followed by the
patient samples and specificity controls. To
minimise any possibility of cross contamina-
tion, all completed tubes were capped immedi-

400 bp
ately after addition of their sample DNA and

400 bp moved to another part of the laboratory before
the 'Linda'M paratuberculosis DNA was added
to the sensitivity control tubes.
The PCR was carried out on a PTC-100

Programmable Thermal Controller (MJ
Research, Watertown, MA) and comprised
30 cycles of a three step program involving
denaturation at 95°C for one minute, anneal-
ing at 58°C for one minutes, and extension at
72°C for two minutes.

600
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300

200

100
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600 H-

Lane 11

Lane 18
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400 F-

300 1-

200

100l

o

t 400 bp

Figure 3: Amplification and detection offluorescentM paratuberculosis DNA by IS900
PCR. Gel image and cross sectional electrophoretograms showing detection ofM
paratuberculosis DNA in one non-inflammatory bowel disease control patient (lane 18)
with irritable bowel syndrome. Sizing of this PCR product green fluorescent peak confirms
it to be 400 base pairs in length, identical to the positive control 'Linda'M
paratuberculosis DNA in lanes 11 and 12. Gel lanes are: 1 M marinum; 2 M
gordonae; 3 M tuberculosis; 4M bovis; 5M avium; 6M terrae; 7M reynolds; 8 M
malm; 9 BCG; 10M kansasii; 11 and 12 'Linda'M paratuberculosis DNA dilutions
10-6 and i0-7; 13 blank DNA extraction control; 14 to 20 intestinal tissue DNA extracts
from study patients.

UK) were added to prevent evaporation.
Finally, 1 pI of specimen DNA was added to
make up final volumes of 50 pl. Blank DNA
extraction controls and no-DNA negative PCR

PCR controls
For sensitivity controls, DNA from cultured
M paratuberculosis strain 'Linda' was extracted
enzymatically as above. Ten-fold serial dilu-
tions of the extracted DNA were used to deter-
mine the sensitivity of the PCR. 'Linda' DNA
was always added to the PCR positive control
tubes in increasing concentrations to prevent
any cross tube contamination, a potential
source of misleading results for the PCR sensi-
tivity. After initial formal identification of the
limits of detection of the assay, each PCR run
usedMparatuberculosis DNA in three dilutions
(10-6, 1O-7, and 10-8) to include the pre-
viously determined level of sensitivity and one
1 0-fold dilution either side of this to ensure no
drifting of the efficiency of the reaction. Thirty
cycles of PCR amplification was found to give
optimum results.
The specificity of each PCR run was

checked by using a panel of 10 other related
mycobacterial species. These included M
marinum, M gordonae, M tuberculosis, M bovis,
M terrae, M reynolds, M malm, M kansasii,
BCG-P, and the most closely related species
M avium. These organisms were subjected to
the identical DNA extraction process as the
positive control 'Linda' M paratuberculosis
organisms and all of the study patient tissue
samples.

Negative controls
Each PCR run included negative control tubes
in the form ofDNA tissue extraction controls
comprising sterile water taken through identi-
cal processing to the intestinal tissue, and
negative PCR controls containing no extracted
DNA.

DNA gel separations
Fluorescent PCR products were separated on
6% polyacrylamide slab gels in a Model 373A
Automated DNA Sequencer (Applied
Biosystems) following the manufacturer's
protocols. Sample PCR products for separa-
tion were prepared by mixing 0.6 .dl 'Genescan
2500 Rox' Standard (Applied Biosystems),
0.5 ,lI loading buffer (Applied Biosystems),
3 ,u formamide, and 1 pl1 of the fluorescent
PCR DNA products. The final DNA mix was
denatured at 95°C for five minutes before
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cooling to +4°C. Gels were preru
TRIS-borate buffer containing 2
for 30 minutes, loaded with 3<
denatured PCR product per lane,
14 hours at 30 watts. Fluore:
products were identified and qi
the Automated DNA Sequencer a
using Genescan software (AF
systems). Positive results were indi
presence of a 400 base pair green
band in any of the gel lanes.
Genescan 2500 Rox Standard
multiple red bands ofknown lengt
sizing of any fluorescent PCR prc
accuracy of a single base pair.

CONTAMINATION PRECAUTIONS
Painstaking precautions to avoid
tion were used throughout the er
of tissue collection, DNA extra
amplification, and polyacrylamide
tion. Rooms and equipment were (

individual procedures and all pipe
sterile and single-use. Gloves were
times throughout the tissue hand

1 2 3 4 5 6 7 8 91011 12131415161718192021222324252627282930

600

Ln in 89 mM
mM EDTA
5 pl of the
and run for
scent DNA
uantified by
Lnd analysed
)plied Bio-
icated by the

with frequent glove changes. Our laboratories
handle very large numbers of PCR reactions
every month (more than 4000) and con-
tamination of PCR products is unusual using
current protocols.

Results

1 fluorescent SPECIFICITY OF PCR DETECTION
Use of the Using theDNA extraction procedure described
comprising above and a standard three step PCR program

hs permitted with 30 cycles of amplification, we were able to
)ducts to an reliably and reproducibly detect M paratuber-

culosis DNA. Correct amplification and detec-
tion of the predicted 400 base pair size
fluorescent product was always observed using
both 'Linda' and 'Map' strains ofM paratuber-

contamina- culosis. By contrast, no 400 base pair fragment
itire process was ever amplified in any of the 10 other
ction, PCR mycobacterial species used in this study, which
gel separa- were handled and processed in exactly the same

dedicated to fashion as the experimental tissue samples and
tte tips were the positive controls (Fig 1). Positive amplifica-
worn at all tion of the 400 base pair fluorescent product

[ling process was also readily demonstrable using smaller
starting numbers of M paratuberculosis, strain
'Map'. Sample freezing and thawing made no
difference to the specificity ofthe assay. In all of
the experiments, all of the blank buffer only
DNA extraction controls and the no-DNA
PCR controls were negative.
The correct 400 base pair fluorescent

amplification product was obtained on each
- 400 bp occasion when DNA extracted from goat

Johne's disease intestinal tissue was subjected
to this PCR.

SENSITYIVTY AND LIMIT OF DETECTION
Measurement of the concentration of 'Linda'
strain DNA in the stock extract by spectro-
photometry followed by serial dilution enabled
us to find the limit of amplification and

600- Lane 1

500 H

400 [-

300 H

200 _-

100

0

- Lane 17
500 H

400 _-

300

200 H

100 F

0

t 400 bp

I
t 400 bp

Figure 4: Amplification and detection offluorescentM paratuberculosis DNA by IS900 PCR. Gel image showing direct
comparison ofDNA extraction techniques between our method and that described by Sanderson et al. 19 Crohn's disease
tissue 'spiked' with aliquots ofM paratuberculosis ('Map') underwent DNA extraction using both methods. DNA was
then serially diluted before use in the IS900 13CR. The techniques are shown to be comparable in their ability to extract,
amplify, and detectM paratuberculosis DNA. Examination of individual lane cross sectional electrophoretograms show
positive amplification of a 400 base pair green fluorescent productfrom 'spiked' Crohn 's disease tissue down to a dilution of
10-4 with both DNA extraction methods. None of the non-spiked Crohn's disease tissue samples extracted by either method
were positive. Gel lanes are: 1 to 5 1 0-fold dilutions of 'spiked' Crohn's disease tissue DNA extracted using our method
(10-4t 10-3, 10-2, 1 0-', and neat); 6 non-spiked Crohn's disease tissue DNA (our method); 7M marinum; 8M
gordonae; 9 M tuberculosis; 10M bovis; 11 M avium; 12 M terrae; 13 M reynolds; 14 M malm; 15 BCG; 16M
kansasii; 17 to 21 10-fold dilutions of 'spiked' Crohn's disease tissue DNA extracted by the method ofSanderson et al
(10-4, 10-3, 10-2, lo-l, and neat); 22 non-spiked Crohn's disease tissue DNA (Sanderson et al); 23 to 29 intestinal
tissue DNA extracts from study patients; 30 'Linda'M paratuberculosis positive controL

- l.
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detection of our fluorescent PCR (Fig 2).
Using the Genescan system, the limit of posi-
tive detection occurred at a dilution of 10-7 of
the stock 'Linda' DNA, which corresponds to
the amplification of S 10 fg ofM paratuberculo-
sis DNA, equivalent to 1-2 mycobacterial
genomes. As only 1/% of the total extracted
DNA was used for PCR amplification and
detection, the overall limit of detection of our
techniques is estimated at less than 200 bacilli
per intestinal tissue specimen. Sensitivity was
not compromised by freeze-thawing.

DETECTION OF M PARATUBERCULOSIS DNA IN
INTESTINAL TISSUES
Despite the confirmed sensitivity, specificity,
and reproducibility of the techniques, none of
the intestinal samples from patients with
Crohn's disease or ulcerative colitis showed
amplification of M paratuberculosis DNA.
Positive amplification of M paratuberculosis
DNA was detected in only one of the non-
inflammatory bowel disease control patients.
This was from a 55 year old female subject
undergoing colonoscopy with a final diagnosis
of irritable bowel syndrome (Fig 3).

'SPIKING' AND DNA EXTRACTION EXPERIMENTS
To include inhibition of amplification by PCR,
control non-inflammatory bowel disease tissue
was 'spiked' with intact mycobacteria. Positive
detection of a 400 base pair fluorescent ampli-
fication product was obtained from spiking
with 'Map' M paratuberculosis but not from
spiking with the other mycobacterial species
used. The internal tissue-only control was also
negative.

Direct comparison ofDNA extraction tech-
niques between out method and that described
by Sanderson et al 19 showed them to be com-
parable in their ability to extract and amplify
M paratuberculosis DNA (Fig 4). Examination
of the gel image and cross sectional elec-
trophoretograms of individual lanes showed
positive amplification of a 400 base pair
product, using both methods, down to a dilu-
tion of 10-4 of the DNA extracted from the
spiked Crohn's disease tissue. None of the
non-spiked Crohn's disease tissue samples
were positive.

Discussion
The results described here throw doubt on the
hypothesis that M paratuberculosis plays a part
in the aetiology of Crohn's disease. Our own
early work25 using standard oligonucleotide
primers, ethidium bromide agarose gels, and
Southern blotting with internal radiolabelled
probing produced results that were hampered
by false positives. These were shown to arise
because of inter-mycobacterial species cross
reactions. Strenuous efforts to eradicate such
cross reactions were made and our PCR assay
method was refined such that we could achieve
excellent and reproducible specificity. Using a
fluorescent PCR method with automated
analysis has also helped eliminate artefacts that

can arise in gel blotting methods. Using this
approach, we have shown that our IS900 PCR
assay is specific forM paratuberculosis against a
panel of 10 other mycobacteria including the
very closely related species, M avium.26 The
sensitivity of the assay was shown by the reli-
able and reproducible amplification and detec-
tion of 6 10 fg of M paratuberculosis DNA,
corresponding to less than 200 organisms per
tissue sample used in the experiment.
A potential problem in the detection of

mycobacterial DNA is that mycobacterial walls
are very robust, thereby potentially hampering
DNA extraction. Although we initially used
Johne's disease goat intestine to demonstrate
effective DNA extraction, the very high density
ofM paratuberculosis in this tissue makes it a
poor model. Therefore, in an attempt to estab-
lish a better model of the numbers of myco-
bacteria that might be present in human gut,
we 'spiked' intestinal specimens with small
aliquots of M paratuberculosis suspension
before DNA extraction. The high mechanical
forces required to disrupt aggregates of
M paratuberculosis in suspension would have
risked liberating mycobacterial DNA before
enzymatic extraction and thereby created an
inaccurate impression of the efficiency of our
DNA extraction process. This precluded
accurate qualification of actual numbers of
mycobacteria detectable on 'spiking'. Never-
theless, our experiments showed amplification
of DNA from even very small numbers of
M paratuberculosis (strain 'Map'), with no ill
effects from freezing and rethawing. Thus, we
conclude that our extraction process is efficient
at liberating genomic mycobacterial DNA.
As our negative results directly contradict

the study reporting positive amplification of
M paratuberculosis in 65% of Crohn's disease
specimens,'9 we felt that it was mandatory to
compare the DNA extraction techniques.
However, we could detect little difference in
sensitivity and hence in extraction efficiency in
serial dilutions of DNA from Crohn's disease
tissue 'spiked' with M paratuberculosis and in
each comparison experiment the results were
nearly identical. Moreover, we compared our
own extraction protocol with that of Sanderson
et al 19 on five unspiked Crohn's disease patient
samples from both small intestine and colon,
and from sites of varying disease activity
involving quiescent disease through to severe
active inflammation. Assuming an incidence of
65% M paratuberculosis positives in Crohn's
disease tissue, then the probability of all five
of our unspiked Crohn's disease specimens
being negative was estimated at approximately
0 0053%. However, all five were indeed nega-
tive using both DNA extraction procedures.
To exclude any inhibition in the assay,

experiments were conducted using tissue
samples spiked with whole mycobacterial sus-
pension before the DNA extraction procedure.
Positive PCR amplification of the correct
400 base pair product was obtained after
spiking with M paratuberculosis but not with
other mycobacterial species. This experiment
excluded inhibition during the DNA extraction
process as well as inhibition during PCR
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amplification as the spiking was done with
whole mycobacteria rather than free myco-
bacterial DNA'9. Unspiked tissue samples were
uniformly negative.

There are clearly important differences
between our findings and those of Sanderson
et al 19 and indeed reports from other
centres.20-22 There have also been reports,
however, stating that M paratuberculosis DNA
cannot be found in human gut tissue despite
utilising similar techniques to those reports
above.23 24 A number of reasons for these dis-
crepancies may be considered. For instance,
disease activity of the sampled tissue may be
important. Higher concentrations ofM para-
tuberculosis may accumulate in and around
inflamed tissue as a primary cause of the
inflammation or by passive carriage by infiltrat-
ing inflammatory cells. Alternatively, increased
inflammation leading to ulceration could result
in shedding of cells and mycobacteria into the
lumen of the bowel, thus making detection
in tissue less likely. Results may also be
influenced by the presence of granulomata in
the tissue samples.20 To try and encompass
these arguments we have used bowel tissue
from a range of anatomical sites in the small
intestine and colon, and from a broad range of
disease activity (as judged both clinically and
histologically). To eliminate bias we have used
samples obtained from two separate sources:
operative resections and colonoscopic biopsy
specimens. Both of these sampling methods
included tissue with a broad range of disease
activity and although we did not specifically
microdissect out granulomata, we have tested
both granulomatous and non-granulomatous
Crohn's disease tissue. The tissue was also
collected from two separate hospitals. We
found no difference in rates of detection of
M paratuberculosis between sites of sampling
within the bowel, the presence of granulomata,
the degree of tissue inflammatory activity,
surgical versus endoscopy specimens or in the
hospital attended by the patients.
The type of material used for study may be

important. Paraffin wax embedded tissue, in
our experience, requires more cycles of ampli-
fication to achieve the same sensitivity as fresh
tissue, thereby increasing the risks of false posi-
tive results. We have used fresh snap-frozen
tissue samples with fewer PCR cycles as this
approach is less likely to produce false positives
and in our hands is more sensitive. The ages of
patients sampled may have a bearing on results
as positive cultured isolates of M paratuber-
culosis have generally been obtained from
younger Crohn's disease patients.67 However,
as we have tested patients ranging from
teenagers to octogenarians with uniformly
negative results, we do not consider that age is
a factor in the likelihood of amplifying and
detecting M paratuberculosis DNA.

Perhaps the most probable reason for the
discrepancies relates to differences in tech-
nique and the possibility of artefactual posi-
tives. Laboratory contamination is a well
recognised problem when using PCR2728
and requires the most rigorous steps for its
elimination. Contamination artefact may be

expected to occur, however, as positives
randomly distributed between the three
clinical groups of Crohn's disease, ulcerative
colitis and non-inflammatory bowel disease
controls which does not seem to be the case in
previous reports. These findings, however,
could be explained if separate experimental
PCR runs were performed using tissue samples
from a single diagnostic group. Contamination
artefacts may then appear as unexpected
positives in mainly one diagnostic group.
Other technical problems can occur due to
excessive numbers ofPCR amplification cycles
and insufficient stringency using blotting
methods for detection of PCR products. In
fact, we attribute our own earlier preliminary
positive findings25 to just such artefacts. The
ease with which artefactual or false positives
can be generated in some PCR detection
methods underlines the fundamental import-
ance of reliable, accurate, and reproducible
PCR specificity controls.

Thus, our findings lead us to conclude that
M paratuberculosis is not a factor in the
aetiopathogenesis of Crohn's disease. For
future progress in this field, the exchange of
tissue between collaborative centres for double
blind testing could potentially provide the
most stringent test of the mycobacterial
hypothesis of Crohn's disease.
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