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The Inflammatory Bowel Disease Study Group at the
Royal Free Hospital School of Medicine has tested the
hypothesis that the primary pathological abnormality
in Crohn's disease is in the mesenteric blood supply.
Early morphological studies involved arterial perfusionfixation and either resin casting and scanning electron
microscopy or vascular immunostaining of resected intestine affected by Crohn's disease. Granulomatous
and lymphocytic damage to intramural blood vessels,
even in macroscopically normal areas, was observed.
We put forward possible mechanisms by which a
chronic ischemic process might account for many of
the idiosyncracies of Crohn's disease. It was proposed
that persistent viral infection of the mesenteric microvascular endothelium might underly this vasculitic process; based on certain behavioral characteristics of
measles virus, including its tropism for the submucosal
endothelium of the intestine, this agent was investigated further. This report reviews the preliminary evidence from both epidemiological and basic scientific
data for persistent measles virus in the intestine of
patients with Crohn's disease. Possible mechanisms
for virus persistence and subsequent reactivation are
discussed. In conclusion, we believe that Crohn's disease may be a chronic granulomatous vasculitis in reaction to a persistent infection with measles virus
within the vascular endothelium. This granulomatous
inflammation, perhaps aggravated by either a hypercoagulable state or mechanical stress, results in
the clinical features of Crohn's disease.

rohn's disease, considered by many authorities to be
a disease primarily of the intestinal m u c o s a , 1'2 is
characterized both histologically and immunologically
by a cell-mediated immune response to an as yet unidentified antigen(s). 3
In 1987, based on macroscopic similarities between
rejecting experimental intestinal allografts and Crohn's
disease, the hypothesis was formulated that common
pathogenetic factors may be operating in these two otherwise distinct disease entities. In allograft rejection, mi-

C

crovascular activation and injury are early events initiated
by host immune recognition of alloantigen on graft vascular endothelium. 4 In Crohn's disease, there were clues
to suggest that microvascular injury might be involved
in the pathogenesis of intestinal inflammation; in biopsy
specimens of patients with inflammatory bowel disease,
mucosal capillary thrombi can be found 5 and vasculitis,
including granulomatous vasculitis, is a recognized feature of Crohn's disease. 6'7 Regarded previously as a secondary phenomenon, however, vasculitis was found only
occasionally in routinely processed histological sections
and was considered to be of little pathological significance. 6'7 In parallel with this apparent dismissal of the
potential significance of granulomatous vasculitis in
Crohn's disease was a disregard, with notable exceptions, 8'9 for the tissue origins of the granuloma, an early
and hallmark lesion of this condition. This is somewhat
surprising because the granuloma represents a localizing
reaction to persistent and potentially causative antigen;
therefore, the tissue relationships of this lesion assumed
great importance in progressing our own understanding
of Crohn's disease.

G r a n u l o m a t o u s V a s c u l i t i s in
Crohn's Disease
Based on the hypothesis that loci of both granulomatous and lymphocytic vasculitis in Crohn's disease may
have evolved from blood vessels that contain foreign antigen, clarifying the interrelationship of these two tissue
elements was a priority. This was aided by overcoming
vascular artifacts produced by routine immersion-fixation
of tissues and immunostaining for specific vascular and
granulomatous elements in tissue sections, l°'n
Perfusion-fixation at mean arterial pressure not only
produced excellent tissue preservation but also prevented
vascular collapse and blood clot obscuring the relationship of blood vessels to loci of inflammation. Immuno© 1995 by the AmericanGastroenterologicalAssociation
0016-5085/95/$3.00
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The Hypothesis: Crohn's Disease is a Persistent Measles Virus-Induced Granulomatous Vasculitis
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Proposed sequence of pathological events in Crohn's disease.

staining for vascular elements and macrophages on serial
sections facilitated the recognition that the great majority of granulomas in Crohn's disease arise from blood
vessels: predominantly thin-walled veins. This process is
associated with thrombosis, vascular occlusion, and,
likely, ischemia of the dependent tissues (Figure 1). W e
have since shown that vasculiris and a chronic ischemic
injury of the intestine may help to explain some of the
idiosyncracies of this condition, including "skip" lesions
and transmural inflammation,
" ~
• 1213
' aphthoid ulceration, t4
and thrombogenesis, t5-~7

Anastomotic Recurrence of Crohn's
Disease
Endoscopically evident recurrence of Crohn's disease in the proximal anastomotic margin occurs rapidly
after resection. 18
It is possible that occult residual granulomatous vasculitis is the mechanism for this phenomenon. The capacity
of the bowel to heal after a focal, intramural vascular
injury depends largely on the integrity of the collateral
plexus formed by the submucosal microvasculature. 12
Thus, for any point in the bowel wall, submucosal collateral vessels from either side may preserve the circulation
to that point, but division of the bowel before anastomosis will halve this collateral supply. This limited devascularization is of little consequence when normal intestine
is to be anastomosed. If, however, there is vascular disease
in the macroscopically normal bowel used to make anastomosis, the reduced capacity of the already compromised
collateral circulation may be sufficient to induce anastomotic recurrence. 19 Subacute obstruction of the bowel
by increasing intraluminal pressure will cause a further
decrease in perfusion of the submucosal vasculature.

Colonic Crohn's Disease and
Diversion of the Fecal Stream
Patients with severe colonic Crohn's disease often
enjoy a remission after a diverting ileostomy, but relapse
of disease usually follows restoration of the fecal
stream. 2°-23 This sequence has prompted the hypothesis
that some constituent of the fecal stream is responsible
for either initiating or provoking Crohn's disease. 23'24
The blood flow of the intestinal mucosa increases greatly
from basal levels in response to local luminal contents25;
blood flow increases in proportion to the metabolic demand placed on the mucosa by digestion and absorption. 25 In Crohn's disease, stenotic vascular lesions in the
bowel wall would place a rate-limiting influence on the
hyperemic response to mucosal activity. This situation
is analogous to intermittent claudication or exercise-induced angina; ischemia or infarction occurs when the
demand for blood exceeds supply.
Fecal diversion rests the bowel, and this will reduce
mucosal blood flow and oxygen demand. Provided with a
respite, the intestinal ischemic damage eases and healing
dominates. However, reinstitution of the fecal stream is
likely to induce relapse because of further ischemic damage. This phenomenon may also explain the transient
beneficial effects of an elemental or polymeric diet.

Measles Virus and Microvascular
Endothelium
Perhaps of greater importance in terms of the
etiology of Crohn's disease was the observation that many
granulomas were associated intimately with pathologically altered endothelium. In view of the capacity of
activated endothelium to present antigen in association
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with class II determinants, 26 the hypothesis that the mesenteric microvascular endothelium is a reservoir for the
persistent antigen that induces Crohn's disease seemed
increasingly attractive.
The hypothesis proposes that persistent viral infection
of the mesenteric endothelium is necessary for the development of Crohn's disease. Certain criteria were considered when selecting candidate viruses for further study:
enterotropism during the primary infection, the capacity
to infect and persist within microvascular endothelium,
and the capacity to induce a profound cellular immune
response that is associated with giant cell formation.
Measles virus, a common, highly infectious agent recognized for its capacity to persist within and induce
chronic inflammation of cerebral tissues, seemed to fulfill
these criteria. 2; Measles virus-infected lymphocytes
home in on the lymphoid tissues of the gut during primary viremia; the terminal ileum and anal canal, common sites of Crohn's disease, contain abundant lymphoid
tissues. Subsequently, the virus infects the microvascular
endothelium of these tissues and induces vasculitis; secondary lymphoid aggregates develop and there is necrosis
of the overlying epithelium, all of which are characteristic
features of Crohn's disease. 28'29 Acute measles may produce Koplick spots throughout the gut that are similar
to the aphthoid ulcers of Crohn's disease. 2v'3° Giant cell
syncytia at the centers of secondary lymphoid follicles in
the intestine are a feature of acute measles virus infection27; Hadfield reported similar changes in his classic
description of Crohn's disease. 28 Furthermore, acute measles can produce ulceration of the gut from mouth to
anal canal, 2v'3° the lesional topography of Crohn's disease.
Because of these histological and topographical parallels
between acute measles virus infection of the gut and
Crohn's disease, further study of this agent was merited.
Subsequent detailed examination of 24 cases of Crohn's
disease and 22 inflammatory and noninflammatory intestinal controls identified measles virus in the endothelium,
lymphocytes, and macrophages of inflammatory foci in
Crohn's disease that was not found in controls) 1 Transmission electron microscopy identified paramyxoviruslike nucleocapsids within endothelial cells in areas
of granulomatous vasculitis; endothelial cells, apparently
infected with virus, were participating actively in the
inflammatory process. In situ hybridization for measles
virus genomic R N A gave positive signals in the same
cellular location. Hybridization signals were also strongly
positive in the centers of secondary lymphoid follicles in
a pattern identical to that described previously in the
appendix in association with persistent measles virus infection) 2 Immunocytochemistry using both measles vi-

CROHN'S DISEASE AND MEASLES VIRUS 913

rus-specific monoclonal and polyclonal antibodies was
positive in these lesions in the great majority of cases
and was not found in intestinal tuberculosis, which was
studied as a granulomatous control.

The French Connection
Independently of our own studies, Van Kruiningen et al. were studying two French families with a
high incidence of Crohn's disease that was present in
nonsanguinous relations across two generations) 3 They
suggested that an environmental rather than a genetic
influence was operating in these cases, although an extensive search for such an agent only excluded many potential pathogens. Prompted by our observations, they concentrated their attention on the vascular endothelium
and granulomas, 34 in which they identified abundant intracytoplasmic and intranuclear inclusions composed of
condensations ofparamyxoviruslike nucleocapsids identical to those described previously in subacute sclerosing
panencephalitis. 35'36 Although these early studies lacked
appropriate controls, further studies are now in progress
to address this issue and characterize the particles observed.
The finding of a measleslike virus in the early and
characteristic histological lesions of Crohn's disease and,
in particular, the apparent localization of granulomas to
endothelial cells infected with this agent suggests but
does not prove a causal association.

Measles Virus and Crohn's Disease:
Epidemiological Correlates
Further evidence to suggest that measles virus
may be involved in the pathogenesis of Crohn's disease
has come from Sweden. In 1991, Ekbom et al. reported
a case<ontrol study based on prospectively collected data;
the investigators showed that perinatal virus infection,
in particular with measles virus, was a strong risk factor
for the development of Crohn's disease later in life (odds
ratio = 18)) r A similar phenomenon occurs in subacute
sclerosing panencephalitis in which exposure to measles
virus early in life is a strong risk factor for the development of encephalitis, often after a long disease-free interval. 3s
A birth cohort phenomenon in those born in Sweden
during the period 1 9 4 5 - 1 9 5 4 and a cluster phenomenon
by both birth date and place of residence was observed
in patients with Crohn's disease) 9 It was subsequently
shown that during the period 1 9 4 5 - 1 9 5 4 , during which
there were five measles epidemics in central Sweden,
there was a statistically significant excess number of patients diagnosed with Crohn's disease born up to 3
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months after each measles epidemic. 4° The same effect
was not observed for ulcerative colitis.
Further epidemiological studies are currently underway that may help to clarify the strength of this association. However, the data are interesting and do suggest
that exposure to measles virus in utero or neonatally
predisposes to the later development of Crohn's disease.

Measles Virus: Persistence and
Progression
It is well recognized that exposure to certain viruses in utero can result in delayed sequelae 4~ and that
exposure to measles virus early in life provides an opportunity for viral persistence38; the host and virus-related
events that confer persistence are currently subjects of
great research interest.
To produce persistent viral infection, many strategies
have evolved to avoid host immunity. Immunologic tolerance is achieved by lymphocytic choriomeningitis virus
when it infects mice with an immature immune system
during the neonatal period. It is suggested that viral
antigens delete immature T ceils with complimentary
receptors, much as self-antigens delete immature selfspecific T cells42; as a result, the mice become persistently
infected. Recent evidence suggests that tolerance may
also be induced by exhaustion of mature T cells; large
numbers of viruses produce an antigenic load that induces
a brief and intense immune response culminating in the
exhaustion and deletion of cytotoxic T lymphocytes. 4~
Either of these mechanisms may be relevant to measles
virus persistence in cerebral and intestinal tissues. In
addition, measles virus exploits a number of molecular
strategies, reviewed by Schneider-Schaulies and Liebert 44
and Oldstone, 45 that may prevent host immune recognition and result in persistent infection.
The events in later life that may lead to breakdown
of immunologic tolerance and chronic inflammation in
susceptible individuals, often following a long diseasefree interval, are poorly understood. Intercurrent infection is a recognized precursor of both subacute sclerosing
panencephalitis 3s and Crohn's disease. 46 Recent interest
has centered on the capacity of certain viruses to interact
with each other, possibly either directly or through a
modification of the host immune response to infection.
In the context of virus persistence, reexposure to a different strain of the same virus may be relevant; it is recognized that severe clinical disease can be induced in cattle
persistently infected with noncytopathic bovine diarrhea
virus after superinfection with a cytopathic strain of the
same virus. 47 Persistent infection can be induced experimentally by exposing the bovine fetus to noncytopathic

GASTROENTEROLOGYVol. 108, No. 3

bovine diarrhea virus47; severe enteritis is achieved in
these animals postpartum by inoculation with cytopathic
bovine diarrhea virus. This "two-hit" phenomenon provides a model that may be relevant to a number of diseases that are associated with viral persistence in humans,
although there is no evidence for this at present. We
recently identified persistence of herpesviral D N A in a
large proportion of both inflamed and noninflamed intestinal tissues. 48 This family of viruses is noted for its
capacity either to induce serological reactivation of coexistent herpesviral infection or to modulate the host immune response to intercurrent viral infection, 49-51 including measles. 52 It is tempting to speculate that a state
of coinfection with both a herpesvirus and measles could
lead to either persistence or reactivation of persistent
measles virus in the gut.

Measles Vaccination and Crohn's
Disease
In the United Kingdom, the introduction of live
attenuated measles vaccination in 1968 saw a dramatic
decrease in the incidence of subacute sclerosing panencephalitis) s In contrast, many countries have reported
an increase in the incidence of Crohn's disease; for example, in Scotland, the rate of Crohn's disease in children
has increased sharply during the last two decades. 53 However, it should be borne in mind that the peak onset for
subacute sclerosing panencephalitis is between 5 and 15
years of age, whereas it is between 20 and 30 years of
age for Crohn's disease. A steady decrease in the incidence
of Crohn's disease might be anticipated if the association
between measles virus and Crohn's disease is one of causation. If the current upward trend in the incidence of
Crohn's disease in children continues and the association
holds, the role of vaccination will need to be reviewed.

Conclusions
If Crohn's disease has an infectious etiology, there
are certain behavioral features of measles virus plus epidemiological and basic scientific data derived from independent studies of affected tissues to implicate this agent
in its pathogenesis. These are not enough. In this neoKochasian era, elements of the relevant gene need to be
isolated consistently from affected tissues; they need to
be sequenced and compared with known sequences of this
virus. Measles-specific immunohistochemical and gene
hybridization signals need to be shown to colocalize with
putative viral particles at the ultrastructural level, and a
Crohn's disease-specific response of intestinal immune
cells to measles virus should be evident.
Assuming for the present that measles virus is a c o m -
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ponent cause of Crohn's disease, it is apparent from our
studies that persistence of measles virus in the intestine
is not inevitably associated with chronic inflammation.
Other factors (e.g., a genetic predisposition, smoking, or
a thrombotic tendency 1>1v'54) may influence the progression to loss of immunologic tolerance and subsequent
tissue damage. These factors require further detailed
study.
The tools and techniques necessary to investigate this
hypothetical sequence of pathological events are available; whether measles is right or wrong, our long-suffering patients with Crohn's disease deserve an expeditious
conclusion.
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