
Occasional viewpoint

Stem cell transplantation for inflammatory bowel disease:
practical and ethical issues

There is growing interest in the use of autologous stem cell
transplantation for a number of autoimmune diseases,
including systemic sclerosis, rheumatoid arthritis, and
multiple sclerosis.1–7 Recent case reports have raised the
possibility that indications might be extended to inflamma-
tory bowel disease.8 9 However, this would raise practical
and ethical issues not encountered in other conditions.
Inflammatory bowel disease activity involves a delicate and
unpredictable balance between tolerance and immune
reactivity to luminal factors that makes the outcome of
stem cell transplantation diYcult to predict. Ethically, stem
cell transplantation is more acceptable in some cases of
systemic sclerosis where life expectancy is reduced or in
multiple sclerosis where, additionally, there are few
alternative eVective treatments. Neither of these principles
apply to inflammatory bowel disease.

Background
Intensive myelosuppressive or myeloablative chemotherapy
followed by transplantation of stem cells derived directly
from the bone marrow or from peripheral blood after suit-
able conditioning, has revolutionised the management of
haematological malignancy and haemoglobinopathies.
Because these manoeuvres cause significant and prolonged
alterations in the body’s immune system and function,
stem cell transplantation has, in recent years, been used for
severe cases of diseases that are believed to have an
autoimmune basis. These diseases have included systemic
sclerosis and multiple sclerosis but also rheumatoid arthri-
tis, systemic lupus erythematosis, vasculitis, juvenile rheu-
matoid arthritis, and myasthenia gravis.1–7

Stem cell transplantation can either be allogeneic (from
a donor, usually a HLA matched sibling) or autologous10 11

(harvested from the individual undergoing treatment with
later reinfusion). Syngeneic transplantation (from an iden-
tical twin) is also possible. Because of the higher mortality
of allogeneic transplantation, most human experience is
with autologous transplants. Data are still uncontrolled but
there is growing evidence of benefit in the main conditions
that have been treated (including systemic sclerosis and
multiple sclerosis).12–17 Hitherto, selection for treatment has
been guided by the principle that “only diseases severe
enough to have an increased risk of major organ damage or
mortality should be considered”.18 With growing experi-
ence, there is a move to making prevention of major organ
damage and amelioration of impaired quality of life criteria
for transplantation.

Possible benefits of stem cell transplantation in
Crohn’s disease
ALLOGENEIC TRANSPLANTATION

Crohn’s disease is suYciently common that some patients
undergoing allogeneic transplantation for haematological
malignancy will also have Crohn’s disease. Recently, the
clinical course of six such patients has been reported.8 One
patient with inactive Crohn’s disease remained inactive for
over 15 years despite discontinuation of immunosuppres-
sive therapy. Of five patients with active Crohn’s disease
before transplantation, three became and remained

inactive for 6–10 years after transplantation, despite
discontinuation of immunosuppressive treatment. Two of
these patients had objective evidence of active Crohn’s dis-
ease (one with an ileo-colic fistula) at the time of
transplantation while in the third the evidence for activity
was presumptive (and not very strong). Post-
transplantation regression of disease was established in one
individual by colonoscopy and in the other two on the basis
of absence of symptoms.

Two patients fared less well. One developed recurrent
Crohn’s disease with a perirectal abscess and fistula forma-
tion 545 days after transplantation and required a neoter-
minal ileal resection on day 640 (he had stopped immuno-
suppression at six months). Following resection his
Crohn’s disease remained asymptomatic (but on pred-
nisolone). He committed suicide 5.8 years after transplan-
tation (not related to Crohn’s disease). A sixth patient died
from septic shock 97 days after transplantation and the
eVect of this manoeuvre on his Crohn’s disease was not
evaluable. Also, there was a case report of improvement in
Crohn’s disease following allogeneic transplantation but
the follow up was relatively short.19

AUTOLOGOUS TRANSPLANTATION

A single case of regression of Crohn’s disease following
autologous stem cell transplantation has been reported in
full.9 A nine year old male developed cramps and diarrhoea
and was diagnosed with Crohn’s disease four years later.
For seven years he required active treatment of his Crohn’s
disease, including drainage of a perirectal abscess when 19
and a right hemicolectomy. He developed non-Hodgkins
lymphoma aged 20 and underwent autologous stem cell
transplantation. In the seven years following transplanta-
tion there was no clinical or laboratory evidence of
recurrence of either non-Hodgkins lymphoma or Crohn’s
disease. In addition, a case of Crohn’s disease and a case of
ulcerative colitis have been described in an abstract. The
patient with Crohn’s disease had a defuse pan colitis before
transplantation and was asymptomatic but had inflamma-
tion at endoscopy (three years later). The patient with coli-
tis had mild left sided inflammation before transplantation
and was asymptomatic oV medication two years after
transplantation.20

POSSIBLE BENEFITS OF STEM CELL TRANSPLANTATION IN

ULCERATIVE COLITIS

Two patients with a long history of psoriasis and ulcerative
colitis underwent an allogeneic stem cell transplantation
for leukaemia. The colitis, psoriasis, and leukaemia
remained in remission for four years following
transplantation.18

POSSIBLE HAZARDS OF STEM CELL TRANSPLANTATION IN

INFLAMMATORY BOWEL DISEASE

As well as the intrinsic dangers of stem cell transplantation,
which include mucositis, there are also some data suggest-

Abbreviations used in this paper: GCSF, granulocyte colony
stimulating factor.
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ing that stem cell transplantation may either worsen or at
least not prevent inflammatory bowel disease in some
patients. Three patients have been reported to develop
ulcerative colitis or colonic ulceration after allogeneic stem
cell transplantation.21–23 All of the cases of colitis were
atypical of ulcerative colitis and an element of graft versus
host disease may have been involved. In some animal mod-
els, stem cell transplantation has provoked a type of colitis24

associated with graft versus host disease.

ASSESSMENT OF THE EVIDENCE SO FAR

Some of these case reports suggest that stem cell
transplantation may be of value in inflammatory bowel dis-
ease. However, none of the evidence available even
approaches a level of proof. All but one of the cases had
allogeneic transplantation whereas only autologous trans-
plantation, with its lower (but still substantial) mortality, is
currently regarded as ethical in autoimmune disease. Thus
the evidence for the form of transplantation one might
want to investigate in Crohn’s disease is limited at present.
Any move in this area would be essentially pragmatic as a
clear mechanism of action that might justify intervention
on theoretical grounds has not emerged. Equally, the
pathogenesis of inflammatory bowel disease is suYciently
obscure that one cannot discount the possibility that it
could be a diVerent disease when it presents in association
with malignancy.

SHOULD STEM CELL TRANSPLANTATION BE EVALUATED IN

INFLAMMATORY BOWEL DISEASE?
Thus the evidence that exists at present does not justify use
of either autologous or allogeneic transplantation25 in
Crohn’s disease, and for any exploratory work to be
conducted on an ad hoc basis would be particularly
unethical. Nevertheless, it remains conceivable that stem
cell transplantation could benefit patients with inflamma-
tory bowel disease. In view of the major practical and ethi-
cal issues that would need to be resolved before its use in
inflammatory bowel disease could even be considered, one
way forward would be the establishment of a multidiscipli-
nary group to evaluate if and how this treatment should be
applied. Such a group might reasonably exist under the
auspices of the European Register for Stem Cell Trans-
plantation in Auto-Immune Disease, a European gastroen-
terology grouping. The goals of such group should be to
answer the questions raised below as well as others that are
generated. We believe that any such a group should set
extremely high standards of conventional care that would
need to be met before any patient with inflammatory bowel
disease were considered for transplantation. One possible
outcome might be the emergence of improved and
transparent protocols of conventional care for patients with
resistant inflammatory bowel disease.

We also believe that there are a number of practical and
ethical issues that such a group would need to consider to
establish if there would ever be circumstances under which
patients failing conventional care should be considered for
stem cell transplantation.

Practical issues
TRANSPLANTATION OR INTENSE IMMUNOSUPPRESSION?
Immunosuppression is a central component of inflamma-
tory bowel disease treatment.10 11 17 All gastroenterologists
have seen patients in whom intense immunosuppression
has been followed by major, prolonged, and sometimes
permanent regression of disease. Stem cell mobilisation
and conditioning for the transplant both involve intense
immunosuppression to a degree that is greater than
currently used in the treatment of inflammatory bowel dis-

ease. Any evaluation of stem cell transplantation in inflam-
matory bowel disease should assess the contribution of
these periods of immunosuppression.

ULCERATIVE COLITIS AND/OR CROHN’S DISEASE?
There is insuYcient knowledge to decide on theoretical
grounds whether ulcerative colitis or Crohn’s disease
would be more responsive to transplantation. In practical
terms, it is likely that transplantation would be diYcult to
conduct in patients with fulminant colitis. Such patients
face the prospect of urgent surgery. For this to become
necessary with the patient profoundly immunosuppressed
would be unfortunate. Moreover, such patients have
impaired mucosal barrier function.26 27 Although profound
alterations in barrier function also occur as a consequence
of transplantation procedures, the double insult associated
with colitis might predispose to more severe systemic sep-
sis. However, patients with steroid/immunosuppressive
dependent colitis who relapse when such treatment is
withdrawn might be plausible candidates for stem cell
transplantation.

BONE MARROW OR PERIPHERAL STEM CELL

TRANSPLANTATION?
In most quarters transplantation of stem cells mobilised to
and recovered from the circulation has replaced the use of
those directly harvested from the bone marrow.11 This is
because it is easier and cheaper, no general anaesthetic is
needed, and engraftment occurs more rapidly. Peripheral
stem cell transplantation requires mobilisation by single
agent chemotherapy and/or use of a haemopoetic growth
factor such as granulocyte colony stimulating factor
(GCSF). Use of growth factors in autoimmune disease has
been associated with a temporary flare of the disease.28 29 If
the same occurs with inflammatory bowel disease, use of
growth factors for stem cell mobilisation in inflammatory
bowel disease might be suYciently deleterious to the
underlying problem to be contraindicated. If so, use of
directly obtained bone marrow would be an alternative.

GRAFT MANIPULATION

Much of the early stem cell transplantation for auto-
immune disease involved purging to deplete the graft of
T cells by at least two logs.30 This was done both on theo-
retical grounds and because animal data suggested this
could increase success rates.4 Purging is done by positive
selection of CD34 cells with or without a second negative
purging step to remove T and/or B cells. However, the cur-
rent data on 145 patients in the autoimmune transplant
programme does not suggest that such purging has a major
benefit in preventing early relapse.30

WHICH CONDITIONING REGIMEN?
Prior to transplantation for autoimmune disease it is
necessary to suppress the existing autoaggressive immune
system. Four regimens (all traditionally used when
transplantation is deployed in the treatment of haemato-
logical malignancy, involving intensive treatment and/or
antithymocyte gobulin and/or total body irradiation) have
become standard for transplantation for autoimmune
disease.18

WHICH PATIENTS?
For any new treatment, particularly one that is dangerous,
a natural instinct is to reserve it for those who have failed
existing treatments. In many diseases this is probably
counter productive because involvement of secondary
(non-immune) mechanisms may obscure benefits. Selec-
tion of treatment failures in inflammatory bowel disease
may however not be illogical. Secondary problems (for
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example fibrosis or sepsis) are relatively easy to identify and
active inflammatory bowel disease continues to have a
strong immune/inflammatory component throughout its
course.

Ethical issues
TRADE OFFS

Inflammatory bowel disease does not fulfil the criteria of
clearly increased mortality to be considered for stem cell
transplantation. Death from inflammatory bowel disease is
extremely rare and unpredictable, and whether shortening
of life expectancy can be demonstrated is controversial.31

Any patient undergoing stem cell transplantation for
inflammatory bowel disease would therefore be trading a
risk of mortality for a possible (but unsubstantiated)
improvement in morbidity. It seems likely that any
programme of stem cell transplantation should be
preceded by a series of theoretical time trade oV
evaluations in patients with severe inflammatory bowel
disease. When this has been done in patients with rheuma-
toid arthritis, patients have registered a willingness to take
substantial risks to achieve a cure.32

PATIENT INFORMATION

It is clear that the patient must be fully informed and must
clearly want the treatment. There should be a standardised
protocol that ensures that the term “fully informed” is
meaningful. This is likely to include written information, a
standard series of interviews with independent gastroenter-
ologists, haematologists, and previous stem cell transplan-
tation recipients, as well as a visit to a transplant unit.

PATIENT PROTECTION

(a) From doctors
Any new treatment is a magnet for therapeutically
adventurous doctors and can be a stimulus to career
advancement. Moreover, transplantation units are likely to
be looking for other indications because of growing uncer-
tainty about the role of stem cell transplantation in breast
cancer compared with standard chemotherapy.33 For these
and other reasons, any use of stem cell transplantation for
inflammatory bowel disease should be conducted on a
group cooperative basis and to rigorous, transparent, and
widely agreed criteria for patient selection and handling.

(b) From themselves
Desperate people are receptive to desperate measures but
are not well placed to judge whether a desperate measure is
rational. Conversely, many physicians are conservative and
may be unreceptive to a well considered desire by a patient
to adopt a risky strategy. A major skill for physicians caring
for patients with inflammatory bowel disease who consider
stem cell transplantation would be to balance sound advice
with patient receptiveness and to give guidance without
being patronising.

OPTIMISATION OF PRIOR CARE

Most gastroenterologists know of patients with inflamma-
tory bowel disease that have been regarded as untreatable
but where a therapeutic intervention resulted in substantial
improvement or achievement of remission. Often this
occurs because a new physician simply tries a diVerent
treatment or treatment combination. While clinical trials
can and should guide choice of therapy they do not estab-
lish hierarchies or combinations of treatments that are
optimal for individuals. We think it would be important for
patients being considered for stem cell transplantation to
undergo a period of optimisation of existing therapies. This
could be done to a standardised protocol, perhaps involv-
ing an n of 1 trial principle.34 We envisage that this could be

coordinated by the group whose establishment this article
calls for. One possible outcome would be to determine
improved pathways of care for patients with severe inflam-
matory bowel disease that obviates the need for transplan-
tation, at least in the vast majority of patients.

NEED FOR TRIAL SETTING

The practical and ethical issues surrounding transplanta-
tion for inflammatory bowel disease are so problematic that
it is axiomatic that any foray into this area should be con-
ducted from the outset in the context of a clinical trial.
Maverick, go-it-alone, single centre approaches are to be
discouraged. The experience of groups that have investi-
gated the management of lymphoma or leukaemia with
complex and evolving protocols should guide such a devel-
opment. While it may be natural to argue that some
uncontrolled experience is needed before trials are started,
we believe that the particular ethical issues surrounding
inflammatory bowel disease require that the interpretabil-
ity of any experience with stem cell transplantation is max-
imised from a very early stage. Stem cell transplantation
involves a number of steps and we believe it would be
important to structure any trial programme so that each
individual component is evaluated. Logically, a first step
would be to evaluate the eVect of cyclophosphamide
followed by GCSF for stem cell mobilisation, while storing
the stem cells for subsequent use in transplantation if evi-
dence emerges that this would be justified.

HEAVY IMMUNOSUPPRESSION

The immunosuppression used in some mobilisation
regimens (for example cyclophosphamide 4 g/m2) is in
excess of that currently used for treatment of inflammatory
bowel disease. Any initial steps into transplantation should
probably be seen as immunosuppression with stem cell
harvesting for rescue. If transplantation is performed, there
is a strong argument for one trial arm to stop at the mobi-
lisation and harvesting stage. If patients have a clinical
response to the mobilisation regimen then the stem cells
could be preserved for later high dose therapy and
transplantation at the time of any subsequent relapse.

OUTCOME MEASURES

The existing data on stem cell transplantation in Crohn’s
disease have involved rather informal assessments (not
unnaturally because it was not the reason for transplanta-
tion), with little formal histological evaluation.8 9 21–23

Rigorous objective consensual measures would need to be
established if any programme of transplantation in inflam-
matory bowel disease were to be undertaken.

SEQUENTIAL ANALYSIS

Equally important would be ongoing analysis by a safety
board. Because of the potential for harm as well as good, a
sensitive statistical approach, probably involving a sequen-
tial analysis,35 would be needed. Data collection through
the standardised data sets, to be agreed, would be
appropriate.

MECHANISTIC ISSUES

Because neither the pathogenesis of inflammatory bowel
disease nor the mode of action of autologous stem cell
transplantation in autoimmune disease is known, a trial
setting is particularly important to allow informative
mechanistic studies to be conducted. Controversial though
the persisting suggestions that inflammatory bowel disease
may have an infectious aetiology are, they prompt concern
that there could be circumstances where the process of
intense immunosuppression and stem cell transplantation
could be harmful.36 Several studies suggest that the luminal
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flora plays an important role in pathogenesis so that disease
activity can be influenced by some antibiotic regimens.37 38

Current antibiotics used in stem cell transplantation may
well select pathogenic bowel organisms. Studying stem cell
transplantation in inflammatory bowel disease in a trial
setting would enable diVering antibiotic regimens to be
studied that may limit exposure of the naïve T cell clones
that repopulate the mucosa to critical bacteria. It would be
equally important to study mucosa immunology following
stem cell transplantation because inflammatory bowel dis-
ease diVers from other autoimmune conditions in that the
mucosal as opposed to the systemic immune system is at
least to some extent involved.

Conclusions
Stem cell transplantation for inflammatory bowel disease
may be inevitable. However, we hope that enthusiastic
therapists will wait until the issues we have raised are
resolved, that they will act within a cooperative trial setting,
and that they will stop if such a trial approach suggests lit-
tle or no benefit.

We thank Miss Laura Garratt for typing this manuscript.

C J HAWKEY
Division of Gastroenterology, University Hospital,

Nottingham NG7 2UH, UK

J A SNOWDEN
Department of Haematology, Royal Hallamshire Hospital,

Glossop Road, SheYeld S10 2JF, UK

A LOBO
Department of Gastroenterology, Royal Hallamshire Hospital,

Glossop Road, SheYeld S10 2JF, UK

C BEGLINGER
Abteilung fur Gastroenterologie, Universitatsspital,

Basel, Switzerland

A TYNDALL
Department of Rheumatology, Kantonsspital,

Basel, Switzerland

Correspondence to: CJ Hawkey. Email CJ.hawkey@nottingham.ac.uk

1 Marmont AM, Van Bekkum DW. Stem cell transplantation for severe
autoimmune diseases: new proposals but still unanswered questions. Bone
Marrow Transplant 1995;16:497–8.

2 Tyndall A, Gratwohl A. Hemopoietic blood and marrow transplants in the
treatment of severe autoimmune disease. Curr Opin Hematol 1997;4:390–4

3 Burt RK. Immune ablation and hematopoietic stem cell rescue for severe
autoimmune diseases. Cancer Treat Res 1997;77:317–32.

4 Snowden JA, Brooks PM, Biggs JC. Haemopoietic stem cell transplantation
for autoimmune diseases. Br J Haematol 1997;99:9–22.

5 Marmont AM. Stem cell transplantation for severe autoimmune disorders,
with special reference to rheumatic diseases. J Rheumatol 1997;48(suppl):
13–8.

6 Van Bekkum DW. Autologous stem cell therapy for treatment of
autoimmune diseases. Exp Hematol 1998;26:831–4.

7 Potter M, Black C, Berger A. Bone marrow transplantation for autoimmune
diseases. BMJ 1999;318:750–1.

8 Lopez-Cubero SO, Sullivan KM, McDonald GB. Course of Crohn’s disease
after allogeneic marrow transplantation. Gastroenterology 1998;114;433–40.

9 Kashyap A. Forman SJ. Autologous bone marrow transplantation for
non-Hodgkin’s lymphoma resulting in long-term remission of coincidental
Crohn’s disease. Br J Haematol 1998;103:651–2.

10 Soutar RL, King DJ. Bone marrow transplantation. BMJ 1995;310:31–6.

11 Duncombe A. ABC of clinical haematology. Bone marrow and stem cell
transplantation. BMJ 1997;314:1179–82.

12 Tyndall A, Black C, Finke J, et al. Treatment of systemic sclerosis with
autologous haemopoietic stem cell transplantation. Lancet 1997;349:254.

13 Snowden JA, Kearney P, Kearney A, et al. Long-term outcome of
autoimmune disease following allogeneic bone marrow transplantation.
Arthritis Rheum 1998;41:453–9.

14 Marmont AM, van Lint MT, Gualandi F, Bacigalupo A. Autologous
marrow stem cell transplantation for severe systemic lupus erythematosus
of long duration. Lupus 1997;6:545–8.

15 Burt RK, Traynor AE, Cohen B, et al. T cell-depleted autologous
hematopoietic stem cell transplantation for multiple sclerosis: report on the
first three patients. Bone Marrow Transplant 1998;21:537–41.

16 Martini A, Maccario R, Ravelli A, et al. Marked and sustained improvement
two years after autologous stem cell transplantation in a girl with systemic
sclerosis. Arthritis Rheum 1999;42:807–11.

17 Snowden JA, Brooks PM. Hematopoietic stem cell transplantation in rheu-
matic diseases. Curr Opin Rheumatol 1999;11:167–72.

18 Tyndall A, Gratwohl A. Blood and marrow stem cell transplants in autoim-
mune disease. A consensus report written on behalf of the European
League Against Rheumatism (EULAR) and the European Group for Blood
and Marrow Transplantation (EBMT). Br J Rheumatol 1997;36:390–2.

19 Drakos PE, Nagler A, Or R. Case of Crohn’s disease in bone marrow trans-
plantation. Am J Hematol 1993;43:157–8.

20 Castro J, Benich HI, Smith L, et al. Prolonged clinical remission in patients
(pts) with inflammatory bowel disease (IBD) after high dose chemotherapy
(HDC) and autologous blood stem cell transplantation. Blood 1996;88:
133A.

21 Yin JA, Jowitt SN. Resolution of immune-mediated diseases following allo-
geneic bone marrow transplantation for leukaemia. Bone Marrow Transplant
1992;9:31–3.

22 Spiers AS. Ulcerative colitis after bone-marrow transplantation for acute
leukemia. N Engl J Med 1984;311:1259.

23 Murayama T, Nakagawa T, Matsushita K, et al. Hemorrhagic colitis with
unusual colonoscopy features, complicated with chronic graft-versus-host
disease after allogeneic bone marrow transplantation. Bone Marrow Trans-
plant 1995;15:141–3.

24 Eigenbrodt ML, Eigenbrodt EH, Thiele DL. Histologic similarity of murine
colonic graft-versus-host disease (GVHD) to human colonic GVHD and
inflammatory bowel disease. Am J Pathol 1990;137:1065–76.

25 James SP. Allogeneic bone marrow transplantation in Crohn’s disease. Gas-
troenterology 1998;114:596–8.

26 Katz KD, Hollander D, Vadheim CM, et al. Intestinal permeability in
patients with Crohn’s disease and their healthy relatives. Gastroenterology
1989;97:927–31.

27 Soderholm JD, Olaison G, Lindberg E, et al. DiVerent intestinal permeabil-
ity patterns in relatives and spouses of patients with Crohn’s disease: an
inherited defect in mucosal defence? Gut 1999;44:96–100.

28 De Vries EGE, Willemse PHB, Biesma B, Stern AC, Limburg PC, Vellenga
E. Flare up of rheumatoid arthritis during GM-CSF treatment after
chemotherapy. Lancet 1991;338:517–8.

29 Snowden JA, Biggs JC, Milliken ST, Fuller A, Staniforth D, Passuello F. A
randomised, blinded, placebo-controlled, dose escalation study of tolerabil-
ity and eYcacy of filgrastim for haemopoietic stem cell mobilisation in
patients with severe active rheumatoid arthritis. Bone Marrow Transplantat
1998;22:1035–41.

30 Tyndall A, Fassas A, Passweg J, et al. Autologous haemopoietic stem cell
transplants for autoimmune disease—feasibility and transplant related
mortality. Bone Marrow Transplant 1999;24:729–34.

31 Travis SP. Review article: insurance risks for patients with ulcerative colitis
or Crohn’s disease. Aliment Pharmacol Ther 1997;11:51–9.

32 Snowden JA, Nivison-Smith I, Biggs JC, Brooks PM. Risk taking in patients
with rheumatoid arthritis: are the risks of haemopoietic stem cell transplan-
tation acceptable? Rheumatology 1999;38:321–4.

33 Zujewski J, Nelson A, Abrams J. Much ado about not... enough data: high-
dose chemotherapy with autologous stem cell rescue for breast cancer. J
Natl Cancer Inst 1998;90:200–9.

34 Backman CL, Harris SR. Case studies, single-subject research, and N of 1
randomized trials: comparisons and contrasts. Am J Phys Med Rehabil
1999;78:170–6.

35 Fisher LD. Self-designing clinical trials. Stat Med 1998;17:1551–62.
36 Posthuma EF, Westendorp RG, van der Sluys Veer A, Kluin-Nelemans JC,

Kluin PM, Lamers CB. Fatal infectious mononucleosis: a severe complica-
tion in the treatment of Crohn’s disease with azathioprine. Gut
1995;36:311–13

37 Sartor RB. Review article: Role of the enteric microflora in the pathogenesis
of intestinal inflammation and arthritis. Aliment Pharmacol Ther 1997;
11(suppl 3):17–22.

38 Turunen UM, Farkkila MA, Hakala K, et al. Long-term treatment of
ulcerative colitis with ciprofloxacin: a prospective, double-blind, placebo-
controlled study. Gastroenterology 1998;115:1072–8.

872 Hawkey, Snowden, Lobo, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.46.6.869 on 1 June 2000. D

ow
nloaded from

 

http://gut.bmj.com/

