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FOREWORD

The study of disease entities as complex as Crohn's dis-
ease will increasingly require comprehensive Kknowledge of
formerly unrelated areas of the medical sciences. To promote
this broad approach, a conference was organized in which
geneticists, morphologists, immunologists, and virologists
participated as well as clinicians whose work is focused on
Crohn's disease. Ample time was given to the presentation of
major new findings in each of these areas, and comments were
given by the participants in the various sections. This
approach yielded many new ideas, because individuals with
very different backgrounds were able to address old problems
from fresh angles.

This volume, published in January, 1981, contains the
papers presented during the workshop held in June, 1980, in
Noordwijk/Leiden, The Netherlands. In addition, we have in-
cluded the extensive discussions, edited by experts in the
field, which followed each presentation. Finally, each main
category is followed by a summary of the topic covered as
well as many valuable conclusions concerning the significance
of recent work and ideas for new directions in research. In
the Preface, J.B. Kirsner gives a comprehensive review of the
material, and in an Afterword A.J.Ch. Haex deals with a num-
ber of other aspects.

We believe that this volume will be of value to a wide
spectrum of scientists and clinicians and that it will help
to establish the multidisciplinary approach to Crohn's dis-

ease as the one that should predominate in the future.

The Editors
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PREFACE

by Joseph B. Kirsner
The Louis Block Distinguished Service Professor of Medicine
University of Chicago, Chicago, U.S.A.

The "Coming of Age" of Crohn's disease

"Natura non facit saltus"
Nature does not proceed by leaps, but rather reveals its
secrets slowly, quitely and grudgingly. Notable advances
of today have their background in work often carried out
decades before.
Carl Linnaeus, Philosophica Botanica, (Section 77), 1751

It is perhaps difficult in 1980 to realize that not too
long ago, Crohn's disease was an unknown entity; and that for
many years after its classic description by Crohn, Ginsberg
and Oppenheimer in 1932, this entity was infrequently dis-
cussed and rarely investigated. Today, Crohn's disease is
regarded as one of the more challenging problems in medicine;
in part, because of its rising incidence in many parts of the
world; in part, because of the intriguing associated systemic
problems and in part, because Crohn's disease clinically and
investigationally involves so many scientific disciplines:
internist, psychiatrist, pharmacologist, gastroenterologist,
radiologist, surgeon, pathologist, immunologist, geneticist,
biochemist, cell biologist, among other basic sciences.



The immediately impressive feature of this book then is
that it is a compilation of nearly 100 papers presented in a
three-day meeting in The Netherlands in June 1980, attended
by approximately 100 physicians and scientists; a constella-
tion of topics and participants that would not have been
possible a few years earlier. This workshop also is a testi-
mony to the highly informed administrative talent of the
programs' organizers: Prof.Dr. A.J.Ch. Haex and Dr. A.S. Pefia
of Leiden, The Netherlands, who selected the speakers and
arranged the meeting. In refreshing contrast to the usual
international symposium, the emphasis here is upon recent or
newer observations, especially in the areas of epidemiology,
histopathology, genetics, microbiology, immunology, and some
aspects of therapy. As such, the book contains much valuable
information on the nature of Crohn's disease; especially of
interest to the investigator. The organization of the mate-
rial, as shown in the contents, reflects currently attractive
research areas.

Though focussed on selected research aspects of Crohn's
disease, the individual presentations and the subsequent
discussions reflect an awareness; perhaps an anticipation of
additional knowledge yet to come. Where then are we today in
our understanding of Crohn's disease?

We know more of its clinical features and its course than
ever before. An enormous number of complications; local and
systemic; now have been identified; in themselves intriguing
pathogenetically since they implicate the diseased bowel and
its internal milieu as the source of these difficulties. They
also direct attention to concepts of individual vulnerability
and individual resistance to both the bowel disease and the
associated systemic disorders. However, the underlying cause
or causes of Crohn's disease remain obscure; and this conti-
nuing deficiency provides the motivation for these procee-
dings.

Although several recent papers report a declining inci-
dence (Aberdeen, Scotland and Stockholm county, Sweden), the
rising incidence of Crohn's disease elsewhere in the world is



xi

intriguing; all the more so in view of the similar clinical
features of Crohn's disease everywhere, despite different
ethnic populations, environmental circumstances, dietary
habits and socio-cultural customs. Possible explanations have
included some type of virus, unusual microbial agents, dieta-
ry constituent,(i.e., excessive intakes of sugar), environ-
mental pollutant, tobacco or contraceptive steroids; but
without decisive supporting evidence. Carefully organized
epidemiological studies of Crohn's disease, except in a few
discrete geographic areas have been lacking; studies that
could provide useful clues for further investigations. Epide-
miological studies and other cooperative clinical projects
would be greatly enhanced by more easily applied and more
uniform criteria of diagnosis, and by generally acceptable
quantified assessment of clinical activity. Despite consider-
able application in the United States via the National Coop-
erative Crohn's Disease Study [NCCDS], the Crohn's disease
activity index has not proved to be an easily utilized mea-
sure of disease activity. The initial part of this workshop,
directed to this particular question therefore considers an
important practical problem. The challenge is especially
great because of the absence of any single pathognomonic
feature or laboratory test of Crohn's disease, the relatively
non-specific clinical and histopathological manifestations,
and because of the associated clinical problems. Despite
their many similarities, the two entities: Crohn's disease
and ulcerative colitis, correctly should be separated in any
consideration of inflammatory bowel disease; for this object
to be attained. Despite current limitations, the more uniform
objective assessment of clinical activity should be an
attainable goal, worthy of further effort. Once achieved, the
information should accelerate future cooperative clinical
studies of Crohn's disease.

More complete morphologic understanding of the Crohn's
tissue reaction always has been accepted as a potentially
clarifying approach to the nature of the disease. Knowledge
in this area has been limited by the available methodology:;
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a deficiency now being remedied in part by more careful light
microscopy and by the use of transmission and scanning elec-
tron microscopy, histochemical and immunohistochemical stu-
dies. These approved techniques reveal the intensity of the
Crohn's inflammatory reaction, affecting every constituent of
the bowel wall [epithelial cells, blood vessels, muscle lay-
ers and neural elements),multiple cellular types, including
polymorphonuclear leucocytes, lymphocytes, eosinophils, baso-
phils, mast cells, Paneth cells and macrophages; and the
widely disseminated though focal distribution of the identi-
fiable Crohn's 1lesion. A handicap of the present morpholo-
cigal approach is imposed by current limitations in know-
ledge, as to what to look for, how to seek it and where to
look. The granuloma, though easily recognized and often em-
phasized as diagnostic, is not specific to Crohn's disease.
Granulomas are not evident in 50 percent of patients; their
regional distribution varies and, apparently, once having
been present, they may disappear. While some animal trans-
mission studies have utilized the granuloma and the site of
the "causative agent" of Crohn's disease, decisive supportive
evidence has not appeared. Whether or not the granuloma re-
flects an adaptive protective response of the host to an
etiological agent awaits much more knowledge of both Crohn's
disease and host defenses in general.

The specificity of the histologic changes also remains in
question. The focal nature of the early Crohn's lesion, its
scattered distribution along the entire gastrointestinal
tract, and the micro-ulcerations of the dome epithelium of
the Peyer's patches on the other hand, are observations of
potential etiologic significance; perhaps compatible with an
unusual viral or microbial agent but also perhaps corres-
ponding to the "focal" distribution of the lymphoid follicles
in the bowel wall. Future studies of the nature of the
Crohn's disease tissue reaction should evaluate not only the
possible role of mast cells and Paneth cells, but also there
the prostanoids, thromboxane, lysosomal enzymes of monocytic
origin; and intestinal endorphins and enkephalins.
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The search for pathogenic bacteria, viruses and other
microbial agents has been in progress since the entity was
first described. Beginning with the exclusion of the tubercle
bacillus, then Shigella, E. histolytica and 1lymphopathia

venereum virus, all hitherto known bacterial, viral and para-

sitic agents appeared to have been eliminated. However, the
recent identification of "new" bacterial causes of enteritis

and colitis i.e., Yersinia Pseudotuberculosis, Campylobacter

fetus ss. Jjejuni, and Aeromonas hydrophila has rekindled

microbiological interest in Crohn's disease. Today, the mic-
robiological focus 1is wupon such anaerobic organisms, as

Eubacteria and Peptostreptococcus [strains C18' Me46, Me47]

cell-wall defective, Pseudomonas-like bacteria, various
strains of E. coli, Mycobacteria and Mycoplasma. However,
convincing data for the etiological involvement of any in-
fectious agent in Crohn's disease has not been published.
Microbial interest has centered also upon a possible
viral etiology; based upon such indirect information as the
presence of lymphocytotoxic antibodies in the family house-
hold contacts of Crohn's patients; and the apparent presence
of a "transmissible agent" the cytopathic constituent in
Crohn's disease tissue injected into animals [mouse, rabbit].
However, while some observations are intriguing, including
either the development of ulcerative colitis or Crohn's dis-
ease among married couples [five such reports], the evidence
to date is inconclusive. The demonstration of similar in
vitro cytopathic effects, though less often, with non-IBD
intestinal tissues, the negative results of other investiga-
tors utilizing a variety of virological techniques, the ina-
bility to reproduce the disease with cultured agents obtained
from resected Crohn's tissue, the inability to identify viral
particles or intraepithelial microorganisms on electron mic-
roscopy and the non-fulfillment of Koch's postulates, all of
these observations indicate the need for restraint in the
acceptance of the wviral etiology. Nevertheless, the demon-
stration of replicating, transmissible cytopathic agents in
Crohn's disease tissue is at least worthy of further cooper-
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ative examination; especially with more subtle virus-demon-
strating techniques. All that is known of Crohn's disease
clinically and histopathologically, is compatible with micro-
biological involvement of some type. Microbiological concepts
worthy of further study might include an "imbalance" of the
normal entero-colonic microflora, and hypersensitivity of the
gut-associated immune apparatus to constituents of the endo-
genous normal bacterial flora, and to bacterial products
[l1ipopolysscharides, endotoxins].

The possible involvement of the immunological mechanism
in inflammatory bowel disease, first proposed by Kirsner and
Palmer in 1954, continues to be a highly active research
area. The immunological studies to date have demonstrated a
central role of the gastrointestinal tract in the immunolo-
gical homeostasis of the body and the importance of the gut-
associated lymphoid tissue and the locally protective role of
secretory IgA at the gastrointestinal epithelial surface.
Although immunological processes probably play some role in
Crohn's disease, an immunological basis for this disease has
not been established. The many immunological observations
[both humoral and cellular] in Crohn's disease at present are
confusing and difficult to interpret; including circulating
antibodies against bacterial, viral, food, human and rat
colon, as well as enterobacterial and various tissue anti-
gens, defective cutaneous anergy, the variations in B and T
cell numbers and proportions, imbalances in various T cell
subsets [normal total T cell numbers and marked decreases in
proportion and absolute numbers of the cells bearing Fc re-
ceptors for IgM], IgM-type lymphocytotoxic antibodies against
B cells, the absence of a consistent correlation between
major immunoglobulin classes and the activity of the inflam-
matory bowel disease, the variable lymphocyte responses to
mitogens, the possible presence and the role of circulating
immune complexes, the increased monocytic lysosomal enzyme
activity, the alterations in complement [elevated C3, C4 and
increased metabolism of Clq and C3 and the activation of the
alternate complement pathway]; all of these findings, and
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others, appear to be secondary epiphenomena rather than pri-
mary etiologically significant features of the disease. Since
studies of the blood do not necessarily reflect the 1local
immunological status of the gastrointestinal tract, techni-
ques are being developed for isolating and assessing the
comparable immunobiological activities of non-epithelial cell
populations obtained from the intestinal wall; especially
lymphocytes and macrophages. Such studies have demonstrated
increased numbers of B type lymphoid cells in the intestinal
infiltrates, T cells, and variable numbers of IgA, IgM, IgG,
IgD and IgE cells in the lamina propria; "killer" lympho-
cytes, and other lymphocyte subsets. Since the present metho-
dology does not permit the separation of "pure" lymphocytes,
the studies to date on mixed lymphocytes populations, proba-
bly have limited significance. Nevertheless, further investi-
gation of gut mucosal immune defenses, including antigenic
penetration of the bowel mucosa, and possible defect in the
mucosal secretory [IgA] immune system are attractive ap-
proaches. The presence of elements of the complement system,
[Clq, C3] and increased number of immunoglobulin-containing
cells and immune complexes in Crohn's disease tissue are
compatible with a local immune mediated reaction, perhaps in
genetically-determined vulnerable individuals.

The concept of an individual [genetic] predisposition to
IBD derives from the selective occurrences of IBD after en-
teric [food poisoning] and viral infections [infectious mono-
nucleosis], the increased incidence of Ankylosing Spondyli-
tis, a disorder with an established autosomal dominant gene
mechanism, and especially from the observed multiple instan-—
ces of IBD in the same family. Numerous surveys now have
documented the familial occurrence of Crohn's disease in at
least 20 percent and up to 35 percent of patients, exceeding
the most generous estimates of IBD incidence in the general
population. The familial tendency appears stronger in Crohn's
disease than ulcerative colitis. Most of the familial occur-
rences are in one additional family member, but numerous

families of three or more, up to eight affected members have
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been reported. First-degree relatives are more vulnerable.
The intermingling of these two disorders among family members
is an intriguing feature. At least 11 reports have documented
the occurrence of Crohn's disease among monozygotic twins. No
genetic markers have been identified in Crohn's disease; and
inheritable protein, enzymatic or metabolic defects or chro-
mosomal abnormalities have not been demonstrated. The chromo-
somal changes reported thus far appear to be non-specific,
possibly attributable to the associated under nutrition, yet
unidentified metabolic alterations or to the many potent
medications prescribed. The genetic mechanism implicated in
the individual vulnerability to IBD are not known. The most
likely explanation appears to be the combined interaction or
multiple genes, the multifactorial or polygenic type of in-
heritance. The genetic contribution presumably would be to
facilitate a state of susceptibility, locally and systemi-
cally, with the precipitation of Crohn's disease by varied
external environmental circumstances. The nature of the sus-
ceptibility is not Kknown. No consistent association has been
found thus far between specific HLA antigens [HLA-A,-B,-C, or
-DR locus antigens] and Crohn's disease, except for the posi-
tive correlation with HLA-B27 in those patients with ankylo-
sing spondilytis or acute iritis. However, the possibility of
other associations, positive or negative, with other HLA
antigens awaits further investigations, especially since
present studies have dealt with only a small portion of the
human genome. This research area is all more attractive in
view of the possible relationship between elements of the
human genome and immunoregulatory mechanisms.

The treatment of Crohn's disease continues to involve
arbitrary approaches. We are more aware today of the limi-
tations of the medical and surgical therapy. In view of the
frequent recurrences, operations now are reserved chiefly for
serious complications of the disease, and the tendency is
toward limited rather than radical bowel resection. In medi-
cal management, dependence upon sulphazalasine and steroids
alone [usually prednisone] alone often is insufficiently to
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control Crohn's disease continuously. Experience support the
usefulness of a program of management, including emotional
and physical rest, the restoration and maintenance of optimal
nutrition as essential to an adequate response to medica-
tions; symptomatic measures to review abdominal discomfort
and diarrhea |["steroids-savers"], and the judicious use of
antibacterial, anti-inflammatory and "immuno-suppresive"
drugs, each adapted to individual responses. For many drugs
i.e., sulphazalasine and metronidazole the rationale is un-
clear; for "immuno-suppresive" medication, requiring up to
six months for recognizable therapeutic benefit, whose alle-
gedly immuno-suppresive effects in Crohn's disease have not
been demonstrated, and for drugs such as superoxide dismutase
and d-penicillamine, whose biological properties and clinical
effects are poorly understood, we can only speculate on their
therapeutic advantages and limitations. The "scientifically"
more acceptable approach of "controlled clinical trials" thus
far has failed to provide new insights into the nature of
Crohn's disease as revealed by the therapeutic response. The
various therapeutical measures currently recommended for
Crohn's disease probably have no specific influence upon the
tissue reaction per se; but rather, a dampening or inhibiting
effect upon the inflammatory/immune Crohn's process; applied
simultaneously with efforts to improve host defenses. Clini-
cal improvement does seem attributable more to the individual
capacity to contain the disease than to any "specific" drug
effect. If this concept is valid, then future studies of
Crohn's disease should emphasize fundamental investigations
of systemic and local [gut] host defenses, the nature of
immunocompetence and immunoregulation; the relationship of
human immune response genes to the MHC chromosomal region and
to the body's defense against microbial and viral agents, and
how these mechanisms may influence the individual's response
to endogenous and exogenous microbial agents. There already
is evidence of an increased susceptibility to certain infec-
tions among individuals bearing a given B lymphocyte alloan-
tigen; and japanese investigators have succesfully identified
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HLA-linked control of immune responses to microbial antigens.
The combination of microbial factors, host immune responses
and genetic influences will encompass the more likely mecha-
nisms in the pathogenesis of IBD.

This approach then is perhaps the major "message" of
these proceedings. None of the concepts advanced here proba-
bly will endure additional scientific scrutiny. Nevertheless,
they document the broadening scientific interest in Crohn's
disease, and they examine at least preliminary, some newer
ideas. The proceedings also demonstrate the involvement of
more, better prepared researches in the study of Crohn's
disease than in the past; a major advance. The Second Inter-
national Workshop on Crohn's Disease thus constitute a
"portal of entry" to research in progress, as well as to
research in the future. As such, it documents the "coming of
age", the blossoming of Crohn's disease as a medical disorder
worthy of the most careful clinical and scientific investiga-
tion. Such developments alone are sufficient to renew the
hope that the 1980 Holland Workshop, by encouraging more
perceptive research by well-trained investigators, eventually
will increase the basic knowledge of Crohn's disease; a
necessary prelude to the more effective control and perhaps
even the cure of what has emerged as one the more challenging
medical disorders of our time.
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DEFINITION OF CROHN'S DISEASE

F.T. DE DOMBAL

A priori, it must be admitted that the task of this sec-
tion - to define Crohn's disease - is at the present time
impossible. True definition of a disease must depend upon an
understanding of its fundamental nature which far exceeds our
present imperfect understanding of Crohn's disease. There is
for Crohn's disease no "philosopher's stone", no single test
or feature the presence of which is solely associated with
the disease; and hence in a very real sense, we cannot define
it.

Karl Popper, one of the great scientists of the twentieth
century, would have argued that this is not necessarily the
case. He would have argued in favour of a "nominalist" or
"right to 1left" definition - that is to say one in which
scientific opinion agreed upon a subset of features which
appear to characterize Crohn's disease patients, and then
agreed [like a kind of shorthand] to use "Crohn's disease" as
a term to describe the ailment from which such patients suf-
fer.

However, until very recently, the picture was even more
gloomy for there has been no clear-cut multinational state-
ment of what workers around the world have agreed to call
Crohn's disease, and hence even a "nominalist" definition has
not been possible. For this reason, in the last four years, a
large-scale multinational survey of patients with inflammato-
ry bowel disease has been carried out under the auspices of
the Research Committee of the World Organisation of Gastro-
Enterology with the aim of characterising those features
[around the world], which are said to be associated with both
ulcerative colitis and Crohn's disease.

By 1978 some 1090 patients from 21 centres had been reg-
istered into this study.



Most centres were able to supply data from consecutive,
prospective series of cases. Of the 1090 patients registered
into the survey, 585 were diagnosed as having ulcerative
colitis and no less than 471 as having Crohn's disease. Only
34 cases were rejected from the trial, 26[2.4%] because no
agreed diagnosis could be made. Data collection was outstand-
ing; of a possible 67,584 items of information, no less than
62,699 [92.8%] were collected and forwarded for analysis.

Further details of this survey are set out at some length
in a recent special supplementum of the Scandinavian Journal
of Gastroenterology (l1). It is not proposed to reiterate
these data in depth in this presentation, but it may be of
interest, to re-emphasize some of the features shown by this
survey to characterize patients with Crohn's disease around
the world.

Table 1. Features associated with 585 patients suffering from
ulcerative colitis and 471 patients suffering from
Crohn's disease, after Myren (1l).

Associatea with

Feature Crohn's disease ulcerative colitis
severe pain 6+ bowel action/day
complications bleeding per rectum 3+

Clinical tenderness/mass mucus per rectum 3+

wasting/distension

segmental change

stenosis
Radiology dilatation

fistulae

skip lesions

Endoscopy normal findings ulcers/bleeding
patchy change continuous change
Biopsy giant cells ulcers
granuloma mucosal change

transmural change

As regards clinical features, severe diarrhoea [more than

6 bowel actions per day], and marked rectal bleeding or pas-
sage of mucus were more characteristic of ulcerative colitis



than Crohn's disease. By contrast severe abdominal pain,
perianal complications, abdominal tenderness, emaciation or
wasting, abdominal mass or distension were all significantly
[p<0.01] more frequently noted in patients ultimately diag-
nosed as having Crohn's disease.

Similarly, as regards radiological findings, segmental
change, stenosis, dilatation, fistulae, and skip lesions were
all associated with Crohn's disease. Interestingly, other
features, such as ulcers or polyps were noted in roughly
equal proportions of patients with Crohn's disease and ulce-
rative colitis.

Turning to endoscopy findings the chief distinguishing
feature of Crohn's disease seems to be its "geographical"
distribution. Crohn's disease patients were characterized by
normal findings or patchy change, ulcerative colitis patients
by contact bleeding and by continuous mucosal change through-
out the field of vision. Once again, ulcers and polyps were
seen with equal frequency in both diseases.

Often biopsy is possible at endoscopy, and the histo-
pathological features of Crohn's disease [giant cells, gran-
ulomata, and transmural change] are amongst the most "char-
acteristic" of all. Nevertheless, it needs to be added that
not every feature is found in every biopsy specimen [possibly
due to the limited size of each biopsyl].

Two further general points are worthy of note. First, the
World Organisation study is on-going. To date over 1500 cases
have been surveyed, though the conclusions remain the same.
Second, it cannot be too strongly emphasized that these cha-
racteristics do not [in an essentialist sense] define Crohn's
disease, nor are they "the truth". They are simply the crite-
ria by which over 20 centres around the world recognize a
clinical entity which they refer to as "Crohn's disease".
Inasmuch as the criteria in table 1 are rather consistent
between centres however, they could be said [for good or ill]
to constitute a "nominalist" definition - currently accepta-
ble worldwide - of Crohn's disease.



Of course, all of the foregoing argument may be invali-
dated overnight by the advent of a single test which simul-
taneously explains [satisfactorily] the aetiology of Crohn's
disease, and discriminates [reliably] between it and other
diseases such as ulcerative colitis. All that can be said at
the present time is that - despite much work - the prospects
for such a test do not look very promising. Until the advent
of such a test, therefore, the above characteristics set out
in table 1 will have to suffice as an imperfect but perhaps

acceptable present-day definition of "Crohn's disease".
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THE CROHN'S DISEASE ACTIVITY INDEX AS A CLINICAL INSTRUMENT
W.R. BEST and J.M. BECKTEL

INTRODUCTION

Attempts to quantify clinical activity of Crohn's disease
[CD] are made difficult by the facts that it is a disease of
unknown etiology and that its manifestations are nonspecific.
In planning the National Cooperative Crohn's Disease Studies
[NCCDS], it was apparent that some composite index of disease
activity would be useful to classify initial states, to iden-
tify worsening sufficient to mandate removal from study, to
quantify clinical response, and to reqgulate corticosteroid
dosage.

The Crohn's Disease Activity Index [CDAI] was developed
through multiple regression analysis, using physician's over-
all assessment of disease activity as dependent variable and
various clinical independent variables(l). It utilizes obser-
vations readily available at a visit, uses only coefficients
with intuitively appropriate signs, regresses through the
origin, and rounds to one significant digit, thus:

+ 5X, + 7X

CDAI = 2X + 20X4 + 30X5 + 10X6 + 7X7 + X8

1 2 3

where X1=Number of soft/liquid stools in one week, X2=Sum of
abdominal pain ratings [0-3] for one week, X3=Sum of well-
being ratings [0-4] for one week, X4=Number of types of ex-
traintestinal findings [fistula, arthritis, uveitis, etc.],

X5= Opiates or Lomotil [O-none, 1l-used], X6=Abdomina1 mass
[0-none, 2-questionable, 5-present], X7=[47 - hematocrit] in
males; [42 - hematocrit] in females, and x8=100 - [Percentage

of standard weight].
The CDAI was integral to two therapeutic trials of the
NCCDS (2-4). The 8 coefficients of the CDAI were rederived



from these studies, and conformity was remarkably close(5).

There are over 60 references to CDAI in the literature; in
most it was part of a study design. It correlates with ente-
ric protein clearance(6), B12 absorption(6), bile acid pool
size (7), erythrocyte sedimentation rate(8), Bz-microglobulin
levels(9), immune complexes(10), leucocyte endogenous medi-
ator (11), and endotoxin levels(l12). Reservations about the
CDAI include the subjective(13) and nonspecific(l4) nature of
some input variables, questions as to whether it is suffi-
ciently sensitive (10,15), concern over an early placebo
response (16), and the nuisance of computation (8,17,18).

We felt that a more comprehensive study of CDAI in clini-
cal management of CD was needed. Harvey and Bradshaw [H/B]
modified the CDAI into a simple clinical index (18); we be-
lieved their index should be further evaluated and other
simplified indices explored.

PROCEDURE

Questionnaires were sent to the 13 principal investiga-
tors and 159 study physicians of the NCCDS. Valid addresses
were located for 84% [145/172]. Questionnaires were returned
by 50% [73] of these.

Data from 1,332 patient-visits [including 1,058 used
previously (5)] were subjected to multivariate regression
techniques in which special relationships between coeffi-

cients were forced.

RESULTS

NCCDS studies called for two physician roles: A was blin-
ded to therapy, evaluated patient manifestations, could but
was not required to review CDAI; B was not blinded, did not
interact with patients directly, was responsible for dosage
adjustment according to protocol usings CDAI and other data.
Of respondents only 66% [48] had actually worked with CDAI,
and of these 77% acted only as A, 10% only as B and 13% as A
for some patients B for others. 54% participated in NCCDS as



a GI Fellow, 33% as a GI Attending physician, and 13% in some
other capacity. Specific questions, number of pertinent re-
sponses [N], and percentage distribution among options fol-
low. "The CDAI corresponds with my clinical impression of
severity of illness "[41l];"remarkably well"--22%,"fairly

well"--71%, "so-so" --7% "poorly" --0%, and "not at all"--0%.
"Relative to «clinical practice, I now consider the CDAI to
be" [34]; invaluable" --0% "very useful" --18%, "helpful"-
-29%, "of slight value"--50%, and "worthless"-- 3%. "I have

used the CDAI... [in subsequent management of CD]..."[47];
"almost all the time"--6%, "frequently"--4%,"sometimes"--
32%, and "never--57%. "I have done subsequent research invol-
ving the clinical course of patients with CD" [48]; "no"--
77%, "yes, using CDAI"--17%, and "yes, not using CDAI"--6%.
"I have personally calculated the CDAI..[and it was].."[28]:
"easy to calculate" --18%, "not too hard to calculate"--61%,
and "a real pain to calculate"--21%. No respondents had uti-
lized a programmed calculator to compute CDAI (5). Other ques-
tions relating to the experience of these physicians with CD
and CDAI indicated number [N] and rounded estimates of 10,
50, and 90 percentile values to be: patients monitored as
physician A [if anyl, [31] 2, 5, and 40; as B [if any], [11]
2, 20, and 70; number of subsequent CD's managed, [45] 2, 20,
and 65 [7%=nonel]; number of subsequent CD's on which consul-
ted, [44] 0, 15, and 80 [23%=none]; total visits with CDAI
review, [36] 4, 35, and 100; and total occasions CDAI per-
sonally computed [ if ever], [24] 2, 10, and 55.

Free-form comment was invited. The most frequent concepts
volunteered were that the CDAI is valuable in research but
not needed in practice [19%], that familiarity with the CDAI
had provided perspective in evaluating patient status [17%],
that the nuisance of data collection and computation are
principal reasons for routine clinical non-use [13%], and
that there are some reservations as to the accuracy and per-
tinence of patient diary responses [4%].

Subsequent computations adopt the H/B conventions of
l-day rather than 7-day values for Xl' X2 and X3; deletion of
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X X

57 and X

7 gi and defining new X5 as 1/2 of CDAI's XG'
Regression through the origin produced the following

equations for estimation of CDAI:

§A = 20.7X; + 36.1X, + 52.2X; + 33.5X, + 30.7Xg
Cg = 20 X; +35 X +50 X3+35 X5 +30 Xg
SC = [0.5%, + X, + Xy + X, + x5] x 40
CD = [ xl + x2 + x3 + x‘1 + x5] x 30

A is the least squares regression through the origin. B
rounds to the nearest 5 units. C was chosen after examining
B; all coefficients are equal except that bl is 1/2 the oth-
ers; the multiplier is 40.82, rounded to 40. D is the H/B
approach, all coefficients equal; the multiplier is 29.83,
rounded to 30. The standard deviations from regression are
39.1, 39.4, 40.4, and 46.2 respectively. Equations with simi-
lar constraints were developed for prediction of physicians'
global estimates of disease activity [scaled 1, 3, 5, and 7].
Standard deviations from regression were 1.25 for CDAI, 1.36
for approach A, 1.36 for approach C, and 1.41 for approach D.

DISCUSSION

CDAI is not widely used in practice, but a simpler index
might be. It is worth converting any index into CDAI equi-
valence to facilitate interpretation. The standard deviation
in predicting global estimates is increased by 9% over that
of CDAI in going to the optimal or our simplified five-varia-
ble indices, and by 13% in going to H/B's index. We recommend

C for routine use.

CONCLUSIONS
1. Those who have used CDAI believe it corroborates clinical

impressions well.

2. Few, however, believe it 1is particularly useful in rou-
tine management of CD.

3. A principal reason for non-use is the nuisance of compta-

tion.
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4. We developed a simple clinical index which appears supe-
rior to the index of Harvey and Bradshaw and is recom-

mended.
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ACTIVITY AND ITS ASSESSMENT IN CROHN'S DISEASE

J.F. FIELDING

INTRODUCTION

Assessment of activity in Crohn's disease is notoriously
difficult (l). Yet, unless one can assess such activity the
quality of patient care cannot be accurately judged and the
efficacy of treatment cannot be determined. Moreover, an
agreed method of assessment allows multicentre studies to be
undertaken on a more uniform basis. As an initial step one
must define Crohn's disease and state what is meant by acti-
vity. Thereafter, the various methods of assessing such acti-
vity can be studied. Activity may be indirectly assessed,
either singly or in combination, on the basis of symptoms,
signs, haematological, biochemical, immunological and/or
radiological investigations. However, activity can only be
truly assessed by macroscopic appearances and/or histology.
It is well to remember that static histology cannot always
determine the presence or absence of activity.

In this paper Crohn's disease is defined as is the mean-
ing of activity. Indirect methods of assessing activity are
discussed and a Crohn's disease activity index suggested.

RESULTS AND DISCUSSION

Crohn's disease has been defined (2) as "an inflammatory
disease of unknown aetiology, almost invariably chronic, with
periods of quiescence interrupted by exacerbations of varying
acuteness, severity and duration. It usually involves the
ileum, but may involve, either concurrently or consecutively,
any part of the gastrointestinal tract.... There are asso-
ciated radiological and macroscopic and histological appea-
rances which in any given case may be either typical of, or
compatible with, the diagnosis".

Activity may be defined most simply and probably most
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found weight to be an accurate indicator of the presence or
absence of disease activity (4); others have also found
weight a useful indicator (11,12). As we are present at this
meeting to indirectly honour Boerhaave and his disciples Van
Swieten and de Haen we must not forget temperature as an
indicator of disease activity; nor should we forget resting
pulse. The value of these two parameters should be tested on
a prospective basis.

A low haemoglobin, a low serum iron, low serum folate and
elevated E.S.R. have all been associated with disease activi-
ty (4), with low serum iron and low folate as the better
indicators. It has been my experience (4) and that of others
(11) , but by no means everybody's (1,12) that the E.S.R. is a
relatively insensitive indicator of disease activity. Total
vitamin B12 - binding capacity (TBBC) and serum lysozyme are
other indices occasionally used (13).

It has been known for over twenty years and more recently
substantiated that serum seromucoids and serum albumin are
good indicators of the presence or absence of activity
(11,4,12). It is my view that they are still the best indi-
cators we have. C-reactive protein has also been shown to be
an indicator of disease activity (1).

I now wish to propose a Crohn's disease activity index
for your consideration. I have taken the following guide-
lines into consideration in its construction. It must have
high indices of specificity and sensitivity. It must have a
balance between symptoms, signs and laboratory investiga-
tions. These laboratory investigations must be capable of
being performed in all laboratories. It must be sufficiently
simple to be acceptable and capable of accurate compilation
on a wide basis.

The symptoms are: overall state of health, good [0],
moderate [l1], poor [2]; appetite, good [0], poor [l1]. The
signs are: weight, steady or increased [0], diminished [1];
resting pulse, less than 85 [0], 85 to 99 [1], 100 or over
[2]; temperature, less than 99°F [0], 99 to 99.9°F [11, 100°F
or more [2]; clubbing, absent [0], present [l1]; perianal
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accurately as the presence of Crohn's disease-related biolo-
gically active inflammation. Thus the presence of a perianal
abscess is not of itself indicative of active Crohn's dis-
ease. Moreover pain from ankylosing spondylitis, or from
gallstones or a duodenal ulcer in a patient with significant
small bowel resection, is not regarded as symptomatic evi-
dence of active Crohn's disease.

Symptomatic evidence of activity is difficult to evalu-
ate. It must not be ignored, but it is subjective and varies
from day to day, too much reliance on it makes for inaccurate
assessment. In this context one must remember that patients
with Crohn's disease are not immune from gastroenteritis,
irritable bowel syndrome symptoms, and fibrotic stenotic
disease can be associated with severe symptoms(3). Inaccuracy
applies particularly to stool frequency (4), especially in
those who have had previous intestinal resection (5). As-
sessment of general well being may give sufficient informa-
tion (4,6) although I have found appetite a helpful additive
discriminant (4). Unless pain is associated with and lessen-
ed by defaecation it may not be related to Crohn's disease
activity since bolus colic is not an uncommon cause of pain
in patients with Crohn's disease.

With regard to signs, finger clubbing has been shown to
be a good indicator of disease activity (7,8). The presence
of an abdominal mass has also been shown to be associated
with disease activity (6). I believe one has to define mass
more carefully before drawing such conclusions; palpation of
"thickened" bowel wall does not of itself indicate disease
activity. The presence of a squelch sign has recently been
shown to be associated with active Crohn's disease(9). The
squelch sign is present when a feeling analogous to surgical
emphysema is noted on palpation of the bowel wall and this
sensation is accompanied by a squelching sound. This finding
requires confirmation by studies of larger numbers of pa-
tients. Perianal tags are the only perianal disease which I
found to be associated with disease activity (10). I have



16

tags, absent [0], present [1]; abdominal mass, absent [0],
present [1]; squelch sign, absent [0], present [1]. The in-
vestigative parameters are: serum albumin, normal [0], 1low
[2]; serum seromucoids, normal [0], elevated [2].

These parameters, I believe, fulfil the above guidelines
and would form a useful framework for the follow up and
treatment of patients with Crohn's disease.
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AN INDEX OF INFLAMMATORY ACTIVITY IN PATIENTS WITH CROHN'S
DISEASE

P.A.M. VAN HEES, Ph. VAN ELTEREN, H.J.J. VAN LIER and J.H.M.
VAN TONGEREN

INTRODUCTION

Crohn's disease [CD] is a condition which encompasses a
wide variety of complaints and symptoms. These may be re-
lated to the inflammatory activity, but even when there is
little activity there may be considerable subjective com-
plaints - for example, of abdominal pain as a result of the
presence of an inactive fibrous stricture. This diversity of
the causes of the complaints and the lesions found greatly
impedes exact evaluation of the effect of various types of
therapeutic medication on the inflammatory activity. During
the preparations for a prospective study which was to esta-
blish the effects of various types of therapeutic medication
on the inflammatory activity in CD, the need arose for an
optimally objective and quantifiable standard of inflammatory
activity. The Crohn's Disease Activity Index [CDAI] describ-
ed by Best et al. (1) has, we believe, several disadvantages.
With the aid of data from a retrospective study, we therefore
attempted to develop a more suitable activity index - that
is, an optimally objective and reproducible quantitative
standard of inflammatory activity - for patients with CD.

METHODS

The retrospective study covered the data on 63 patients
with CD who, during the period 1963-75, had been submitted to
a total of 85 clinical examinations.

The study considered only those hospital periods in which
the 18 variables listed in table 1 had all been collected.
The Quetelet-index relates body weight to body height. Fis-
ures, fistulae, and perianal abscesses were taken into ac-
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count as anal and perianal lesions. Arthritis, stomatitis
[aphthae], erythema nodosum, episcleritis, iritis, and irido-
cyclitis were taken into account as extraintestinal 1lesions
related to CD.

Table 1. Independent variables used in development of Acti-
vity Index.

Variable Unit/code

Xq rate of defaecation number of defaecations per day

X, stool consistency 1= well-formed;2=soft,variable;
3=watery

X3 blood in faeces 1=no;2=moderate;3=much

X, mucus in faeces 1=no;2=yes

xg temperature centigrade

Xg abdominal mass 1=no;2=dubious;3=diameter<6cm;
4=diameter 6-1l2cm;5=diameter
>12cm

X4 [sublileus symptoms 1=no;2=slight;3=moderate;
4=severe

Xg anal/perianal lesions 1=no;2=yes

Xg extraintestinal 1lesions 1=no; 2=yes
X190 bowel resection for

Crohn's disease 1=no;2=yes

X711 Quetelet index [W/HZ] W=10xbody weight in kg;H=height
in m

Xq9 ESR mm after 1 h

X13 haemoglobin concentration mmol/1

X14 total serum protein level g/1

X1g serum albumin level g/1

X1 Serumy -globulin level g/1

Xy sex l=male;2=female

X1g stool weight g/24 h [mean of 5 consecutive
aays]

Three gastroenterologists were asked, independently and
without knowledge of the patient's identity, to rate the
activity of the inflammation on the basis of the variables
listed in table 1 for each patient.
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Stepwise multiple regression analysis was used to inves-
tigate which combination of variables contributed most to the
subjective ratings of the gastroenterologists.

RESULTS

It proved to be possible to develop, on the basis of nine
variables, an activity index [AI] which attained a correla-
tion coefficient of 95% with the corresponding physician's
rating. Table 2 lists these variables and the constants [bi]
required for calculation of the AI.

Table 2. Variables included in the Activity Index

Variable Xy Unit/code Regression coefficient bi
Constant [bo] -209°¢

1 albumin g/l - 5.48°
2 ESR mm after 1 h 0.29
3 Quetelet index W/H2 - 0.22
4 abdominal mass 1-52 7.83
5 sex l=male;2=female - 12.3

6 temperature centigradeb 16.4

7 stool consistency 1-32 8.46
8 resection 1=no;2=yes - 9.17
9 extraintestinal lesions 1=no;2=yes 10.7

a] code given in table 1

b] 37.0°C is recorded when the patient has no fever; for
febrile patients the seven-day mean evening reading is
recorded.

c] when the normal values for serum albumin differ markedly
from the reference values used in this study [45-55 g/1],
the constant bo and the regression coefficient of albumin
[b1] change.

The AI in a particular patient can be calculated by mul-
tiplication of the values of the 9 variables, expressed in
the units or code as indicated, with the coefficient derived
from regression analysis [bi]° Addition of these results and
a constant [bo] gives the AI.

Index values below 100 points are associated with inacti-



20

ve disease, values between 100 and 150 indicates slight acti-
vity, between 150 and 210 moderate and more than 210 points
severe inflammatory activity.

DISCUSSION

Best et al. (1) were the first to evolve a method of
quantifying the inflammatory activity in CD in a less arbi-
trary manner than was usually done in the past. The fact
that this activity index [CDAI] is now being used in a number
of prospective studies, demonstrates the urgent need for such
an index. Nevertheless, the CDAI has a number of disadvan-
tages. It was evolved with the cooperation of 18 physicians
in 13 hospitals. At outpatient follow-up, these physicians
formulated an overall evaluation of "how the patient was
doing". At the same time, a large number of subjective and
objective variables were registered. The number of patients
thus studied totalled 112 [three to 20 patients from each
centre]. Multiple regression analysis was applied in an ef-
fort to determine which combination of variables correlated
most closely with the subjective evaluation by the physician.

Best et al. (1) do not indicate whether the physician
based his rating on an overall subjective impression or in
part also on data from the history, results of physical exa-
mination, or laboratory findings. The interrater agreement of
the subjective ratings was not studied. In the development of
the CDAI several variables were arbitrarily omitted [abdo-
minal tenderness, serum albumin level] or added [body
weight]. The ultimate CDAI is made up of eight variables
[stool consistency, abdominal pain, general well-being, ex-
traintestinal symptoms of CD, use of Lomotil or opiates for
diarrhoea, abdominal mass, haematocrit, and body weight].

An important objection to the CDAI is that it is largely
determined by subjective variables [abdominal pain, general
well-being]. The contribution of these variables to the sum
of the standardised regression coefficients amounts to 39%.
To register these subjective variables, the patient must be
asked to keep a diary card updated for at least a week. 1In
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the development of the CDAI, the fact that the medication
often given in CD may influence the subjective complaints
[euphoria effect of prednisone, side-effects of salicyla-
zosulphapyridine] was disregarded. Subjective complaints
such as general malaise and abdominal pain are generally not
reliable indications of inflammatory activity. Not infre-
quently, they result from complications or residual effect of
the disease such as fistulae or stenosis. The same applies
to the frequency of defaecation and stool consistency [their
contribution to the CDAI amounts to 19%]. Patients with CD
who have undergone a bowel resection [specifically ileocaecal
resection] not infrequently have a high defaecation rate and
produce soft stools, even though their disease may be inac-
tive. On the other hand, important objective parameters of
inflammatory activity such as serum albumin level and ESR,
have not been included in the CDAI. The validity of the CDAI
is further reduced by the marked overlaps in CDAI score be-
tween the various activity classes established on the basis
of subjective rating.

The AI proposed in this paper has recently been described
in full (2). It was developed by analogy to the regression
analysis applied by Best et al. (1), but is made up almost en-
tirely of objective variables [Table 2], of which the serum
albumin level contributes most to the AI. This AI proved to
be very useful in the assessment of the disease activity and
of the effect of therapy during a double-blind trial of drug
therapy of CD.

REFERENCES

1. Best WR, Becktel JM, Singleton JW, Kern F.Jr. (1976)
Development of a Crohn's disease activity index (National
Cooperative Crohn's Disease Study). Gastroenterology
70:439-444

2, Hees PAM, Elteren van PH, Lier van HJJ, Tongeren van
JHM. (1980) An index of inflammatory activity in patients
with Crohn's disease. Gut 21:279-286



22

A5

Riis:

Summary of discussions relating to topics Al to A4

A definition of activity in Crohn's disease
would be of great value in at least three circum-
stances. First, if the definition were simple enough
for use in routine clinical work, it would enable
physicians and surgeons all over the world to com-
pare their practical experience with the disease.
Secondly, precise definitions are essential for
controlled therapeutic trials. Thirdly, laboratory
studies into aetiology and pathogenesis need to be
related to the activity of the disease.

de Dombal: The question is whether three separate defini-

Booth:

tions are required for these purposes. The "Organi-
sation Mondiale de Gastroenterologie"[OMGE] classi-
fication is suitable for ordinary clinical work and
therapeutic trials. As far as scientists working on
pathogenesis are concerned, indices are totally

inadequate.

Any scientist working on a clinical problem must
make his own definitions and publish them with any
results.

Crohn's disease and ulcerative colitis are often
lumped together as "inflammatory bowel disease".
This is dangerous approach as it may blur the re-
sults of investigation, and the two diseases should
be kept separate for scientific study. Even with
Crohn's disease itself, it may be essential to dis-
tinguish between those patients with the disease
confined to the small intestine, those with both
small and large intestine involved, and those with
disease confined to the large bowel.
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I agree. Analysis of our clinical material at
the Cleveland clinic has shown statistically signi-
ficant differences in the symptomatology of patients
with these three main anatomical locations of dis-
ease. The existing definitions of activity take no
note of this.

It is often stated that a high level of concor-
dance between the CDAI index and the overall clini-
cal assessment points to the validity of the index.
To be provocative I would suggest that, as this
index is based on clinical assessment, such a close
agreement is inevitable and does not mean that the
index measures the activity of the inflammatory
process., In addition, this index is too complicated
for everyday clinical use.

Jeejeebhoy: The main problem is that the index is based on

Asquith:

Yardley:

Best:

individual symptoms whereas there are different
patterns of disease depending on the anatomical
location and on whether the process is mainly in-
flammatory or obstructive due to fibrosis.

The histological findings deserve attention. We
saw in coeliac disease that the development of small
intestinal biopsy enabled us to study the disease

with an objective yardstick.

The pathological problem is that coeliac disease
is a diffuse process of the jejunum so that a biopsy
is a representative sample, whereas the lesions of
Crohn's disease are focal and biopsy specimens may

not be representative.

When we set out to devise the CDAI, we had three
objectives. The first was to classify the state of
the disease at the beginning of a controlled thera-
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peutic trial so that we could separate patients with
quiescent disease from those with highly active dis-
ease. The second was to use this classification to
estimate changes in the activity of the disease in
the course of a therapeutic trial. It was hoped, for
example, that changes in the index value would be
suitable for controlling the dose of prednisone or
for deciding that a patient was deteriorating so
much that he should be removed from the study for
ethical reasons. The third objective was to use the
difference between the initial and final scores as a
measure of the success or failure of any particular
form of therapy.
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A CLINICAL SCORING SYSTEM FOR CHRONIC INFLAMMATORY BOWEL
DISEASE IN CHILDREN

J.D. LLOYD-STILL and H.U. WESSEL

INTRODUCTION

Schachter and Kirsner (1) have attempted a definition of
inflammatory bowel disease [IBD] of unknown origin in adults.
None of the presently available methods of assessment of
disease activity (2-4) satisfactorily encompass the wide
variety of clinical manifestations of IBD in the pediatric
population. In 1979 we reported (5) a new clinical score
modified from the Shwachman clinical score for cystic fibro-
sis (6) specifically designed for use in the pediatric popu-
lation that could be used for both Crohn's disease and ulcer-
ative colitis. This report extends our observations to a

present total of 92 patients seen between 1975-80.

METHODS

Table 1 shows the clinical scoring system we have devised
(5). The patients were scored on five parameters shown in
parentheses: general activity [10], physical examination and
clinical complications [30], nutrition [20], X-rays [15], and
laboratory [25]. All of the evaluations included in the score
are easily elicited by any physician. The clinical score was
correlated with patient age and serum albumin by linear re-
gression analysis. Multiple stepwise linear regression analy-
sis was used to determine the joint predictors in the clini-
cal score for 12 clinical variables: age, score, sex, disease
[ulcerative colitis and Crohn's disease], albumin, surgery,
corticosteroids, family history, perianal complications, ar-
thritis, growth failure, and site of involvement in Crohn's
disease. Previous studies (5) have demonstrated reproducibi-
lity by different observers and a good correlation with other

classifications of severity of disease (2-4).
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Table 1. Clinical score [normal score 100 points]

General activity [10]

10
5

1

Normal school attendance; BM < 3 per day
Lacks endurance; BM 3-5 per day:;

misses < 4 weeks school per year

Fever; home tutor; BM > 5 per day;
severely restricted activity

Physical examination and complications [30]

Abdomen 10
5
1
Proctoscopy 10
Perianal 5
1
Arthritis 5
3
1
Skin, Stoma- 5
titis,eyes 3
1

Nutrition [20]

height 10
5
1

weight 10
5
1

Radiology [15]

15
10
5
1

normal
mass
distention; tenderness

normal; no fissures

friability; 1 fissure

ulcers; pseudopolyps; bleeding; multiple
fissures; fistulas

nil
one joint/arthralgia
multiple joints

normal

mild stomatitis

erythema nodosum; pyoderma; severe stoma-
titis; uveitis

> 5 cm/year
< optimal
no growth

normal
no gain
weight loss

normal

ileitis; colitis to splenic flexure
total colon or ileocolic involvement
toxic megacolon; obstruction
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Table 1 continued
Laboratory [25]
> 40 %

5
3 25-35 %
1 < 25 %

Hct

ESR normal
20-40 mm

> 40 mm

= wu

WBC normal 3
<20,000 cells/mm3
>20,000 cells/mm
Albumin 1 normal
3.0 g/dl

<2.5 g/dl

= ul o Hwwm

RESULTS

Figure 1 shows the correlation between clinical score and
age for ulcerative colitis [N=47, mean age 9.1 + 4.2 years]
and Crohn's disease [N=45, mean age 12.6 + 2.5 years]. There
were 38 females and 54 males. A family history of IBD was
found in 25.5% [22/92]. The clinical score was unrelated to
patient age, but there was a significant linear correlation
with the serum albumin level [r=0.64] shown in Figure 2.
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Figure 1. Correlation between Figure 2. Correlation between
clinical score and clinical score and
age in UC and CD albumin
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Fifteen patients who underwent surgery had a significant-
ly lower mean score [48.9 + 15.3] than 77 patients without
surgery [63.3 + 17.9], p<0.01.

Table 2 shows that the five patients undergoing surgery
for ulcerative colitis had lower scores than the 10 corre-
sponding patients with Crohn's disease; in addition, the for-
mer group had 1lower albumin 1levels and were significantly
younger than the latter group.

Table 2. Patients who underwent surgery

N Agelyrs] Score Albumin
g/dl
uc 5 8.22 + 1.8 36.4 + 8.7 2.66 + 0.94
CD 10 13.02 + 3.4 55.9 + 13.7 3.84 + 0.96
P <0.05 <0.02 <n.nw

Patients with ileitis had higher scores [60.3 + 11.1])
than those with ileocolitis [48.7 + 11.2], p<0.01, confirming
well recognized clinical observations. Sixteen patients with
growth failure scored lower [51.3 + 13.2] than 76 patients
without growth failure [62.8 + 18.2], p<0.0l. Crohn's disease
accounted for 87% of patients with growth failure.

Multiple stepwise regression analysis identified five of
the examined variables as significant [F>5.0] joint predic-
tors of the clinical score: serum albumin, positive family
history, treatment with corticosteroids, surgery, and site of
involvement in Crohn's disease.

DISCUSSION

This extended analysis of our pediatric patients has
confirmed our previous report (5). Our data base has increas-
ed from 54 to 92 children. The limitations of the available
scoring systems for inflammatory bowel disease in children
have been discussed (5). We are presently using this scoring
system for a variety of prospective studies in these disor-
ders.
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CONCLUSIONS

1.

2.

The clinical score is simple to perform, reproducible by
different observers, and sensitive to changes in the
clinical status of the patients.

A high incidence [25.5%] of a positive family history of
IBD is documented.

There is a significant correlation between the level of
serum albumin and the clinical score.

Patients, undergoing surgery, had significantly lower
scores than patients without surgical treatment. [In UC
lower scores than in CD p<0.02]

Other significant observations include the 1lower scores
for ileocolitis compared to 1ileitis, and for patients
with growth failure.

Multiple stepwise regression analysis has identified five
clinical variables as significant joint predictors of the
clinical score: serum albumin, positive family history,
treatment with corticosteroids, surgery, and site of in-
volvement in Crohn's disease. The standard error of the

estimate was +10.5%.
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CROHN'S DISEASE IN CHILDREN: DIAGNOSTIC PROBLEMS AND
PROCEDURES

A.C. DOUWES, J. FERNANDES, and M. VAN CAILLIE

INTRODUCTION

Crohn's disease [CD] is a rare condition for the pedia-
trician to meet and CD in childhood is 1likely to be mis-
diagnosed as ulcerative colitis [UC]. Managehent and prog-
nosis are different in CD and in UC and early diagnosis may
enhance the results of initial medical treatment. The aim of
the present study is to evaluate which clinical symptoms and
laboratory data contribute to early suspicion and diagnosis.

PROCEDURE

The patient material consists of 36 children who have
been treated because of chronic inflammatory bowel disease
[IBD] between 1975-1980 in the Sophia Children's Hospital,
Rotterdam and the Children's Department of the Free Universi-
ty Amsterdam [Table 1].

Table 1. Final diagnosis in 36 children with IBD

M F
Crohn's disease 10 5
Ulcerative colitis 12 8
Unclassified IBD 1

Specific examinations included radiology of upper and
lower gastrointestinal tract, colonoscopy using pediatric
sized endoscopes, agglutination-test for Eubacterium and
Peptostreptococcus species according to Wensinck (1), CtCl3
test for protein-losing enteropathy and, in patients sus-
pected to have concomitant lactose malabsorption, the hydro-
gen breath test by the method of Fernandes and Douwes (2,3).
Age at diagnosis and delay between initial symptoms and diag-

nosis is shown in table 2.
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Table 2. Mean and range of age at diagnosis and diagnostic
delay in years

CD[n=15] UC [n=20]
Age 12.6 [8.7-15.4] 10.8 [4.7-14.1]
Delay 1.2 [0.1- 2.7] 1.9 [0.1- 5.7]

RESULTS
Frequency of single initial symptoms in CD and in UC are
listed in table 3, prominent laboratory findings in table 4.

Table 3. Frequency of initial clinical symptoms in children
with CD and UC

Crohn's disease % ulcerative colitis %

loose stools 80 blood stained stools 60
abdominal pain 60 loose stools 45
anorexia 53 mucus in stools 40
weight loss 53 abdominal pain 25
fatigue 27 salmonella enteritis 15
perianal fistulas 14 weight loss 5
blood stained stools 7 arthritis 5
stomatitis 7 anorexia 0
mucus in stools 0

Table 4. Frequency of laboratory abnormalities in children
with CD and UC

CD[n=15] UC [n=20]

increased ESR 100 % 40 %
increased gamma-globulin 79 % 67 %
agglutination test positive 50 % 6 %
CrCl, test abnormal 5/7 -
lactdse breath test abnormal 3/9 1/2
Schilling test abnormal 1/7 -

Though no single symptom or laboratory finding is con-
firmative for the diagnosis of CD or UC, clusters of symptoms
-if present- may be helpful in the initial diagnostic work-
up. Of the 15 children with CD, 11 presented with 3 or more
symptoms; another 3 patients with less than 3 symptoms had a
positive agglutination test. Hence, 14 out of 15 patients
with CD initially had clinical symptoms and laboratory find-
ings which could have led to early diagnosis. The more spe-
cific examinations, i.e. radiology, endoscopy and histopatho-

logy of biopsy specimens confirmed the diagnosis of CD in
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most cases. Early radiology however, did not always demon-
strate recognizable changes and in some instances, subtle
lesions were only recognized on second look by an experienced
pediatric radiologist.

Localization of CD in our patients, together with the
procedures which contributed most to the diagnosis, are shown
in table 5.

Table 5.Diagnostic procedures in different localization of CD

Histology
Localization N Radiology Endoscopy Miscellaneous*
colon 8 1 5 3
ileum and colon 3 3 1 0
ileum 4 3 0 1

* = angiography, perianal fistulas and/or surgical specimens

As expected, radiology was superior in demonstrating
ileal disease. Barium enemas, however, were not of great
help in assessing the diagnosis of Crohn's colitis and the
latter was diagnosed in most cases by colonoscopy. In ad-
dition, endoscopy and histopathology of biopsy specimens in 3
of the 4 patients with ileal localization and normal colonic
X-ray, revealed the presence of a low grade chronic inflam-
mation of the colon. This finding is in agreement with ob-

servations in adults (4).

DISCUSSION

Pediatricians are becoming aware of the increasing inci-
dence of CD in childhood. The mean delay in diagnosis in our
series is the same as reported (5) and favourably contrasts
with the delay of almost 3 years mentioned by other authors
(6). Nevertheless, a mean delay of 14 months is too long an
interval, especially in childhood. A factor complicating
early diagnosis is the high frequency of CD [8/15 in the
present material]. The condition may easily be diagnosed as
UC, partly because X-ray examination is often inconclusive.
Hence, colonic disease requires endoscopy and reliable histo-
pathology and these studies are seldom available for the

general pediatrician.
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We therefore emphasize the use of clusters of easily
available clinical and 1laboratory data. When these lead to
suspicion of disease, referral for more specific examinations

is indicated.

CONCLUSIONS

1. Clusters of clinical symptoms and laboratory data should
lead to early suspicion and diagnosis of CD.

2. CD in childhood is as frequent as UC.

3. CD of the ileum and colon show similar frequency.

4. Colonoscopy is necessary in all cases of CD, regardless of
its localization.

5. Low grade inflammation of the colon is often present in

ileal disease.
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DESIGN, EARLY RESULTS AND OUTLOOK OF A PROSPECTIVE PAEDIATRIC
CROHN'S DISEASE STUDY

D.H. SHMERLING

INTRODUCTION
An initial group of 155 children with Crohn's disease

[CD] from F.R. Germany, Switzerland and Austria was submitted

in 1977 to the Paediatric Crohn's Disease Working Group from

24 paediatric centers*.

Criteria for admission to the study were:

1. Radiological criteria, established by the collaborative
Crohn's disease study in F.R. Germany, Denmark and Swit-
zerland (1) in adults and summarised in table 1 (2);
every set of radiographs was reviewed without knowledge
of clinical or other data of the patient by three refer-
ence radiologists (2) and accepted only upon full agree-

ment.

Table 1. Radiological criteria [Paediatric Crohn's disease
Working Group - Schlangenbad 1977]

Lesions Localization

M stenosis, rigid wall, L terminal ileum, ileum+
fistula, pseudo-diver- colon (contin., discont.),
ticulum, intermediate ileum w.skip lesion (>2),
segment colon w.skip lesion (>2)

m cobble-stones,spiculae, 1 proximal ileum, jejunum,
ulcers, excentric lesion, ileum + colon (total),
mesenteric thickening ascending colon

o length, thickened folds, o oesophagus, duodenum,
pseudo-polyps stomach, rectum, sigmoid,

total colon
Minimal criteria: MM, Mmm, Lmmm, LMm

*Aachen, Berlin [FRG], Bern [Switzerland], Bonn, Dusseldorf,
Erlangen, Essen, Frankfurt [FRG], Geneva [Switzerland], Gies-
sen, Hamburg, Hannover, Heidelberg, Heilbronn, Homburg/Saar,
Koln, Krefeld, Mainz, Munich, Pforzheim, Stuttgart, Tubingen,
Ulm [FRG], Vienna [Austrial] and Zurich [Switzerland]
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2. Histological criteria: available histological material
was evaluated by a reference pathologist (3), again
without knowledge of any other patient data.

MATERIALS AND METHODS

105 patients [58 m., 47 f.] were accepted after thorough
evaluation of retrospective data, 95 fulfilling hitherto
established radiological criteria, including 21 with histo-
logical evidence, 10 additional cases were accepted on histo-
logical criteria alone. Age at diagnosis was 6-10 years in
15, 10-15 years in 84 and 15-20 years in 6 cases. 23 out of
92 patients [25%] and 19 out of 34 patients aged 13-15 years
[56%] were severely growth retarded [height < 3 percentiles
for age] with a mean delay in bone age of 3-4 years.

The distribution of lesions was: isolated small bowel CD
in 11 [15%], isolated Crohn's colitis in 4 [6%], limited
ileocolitis [ileum + right sided colon] in 38 [54%] and ex-
tensive 1ileocolitis in 17 [25%] of the 70 radiologically
fully documented cases. In 4 patients radiological evidence
for stomach involvement and in 39 cases [37%] anal/perianal
lesions were present.

Symptoms and signs prior and/or at diagnosis were: abdo-
minal pain in 90% [40% constant, 50% intermittant], anorexia
in 84%, diarrhoea in 73% [in 53% intermittantly], rectal
bleeding in 33% [macroscopic melaena in 6%]; arthralgia,
stomatitis, erythema nodosum, liver involvement and uveitis
in 17, 13, 10, 6 and 3% respectively. Anorexia was slightly
more prevalent in patients with ileitis, diarrhoea and rectal
bleeding significantly more frequent in extensive colonic

Crohn's disease.

RESULTS AND DISCUSSION

It has rapidly become obvious that some of the 50 ini-
tially rejected patients and some of those 10 admitted accor-
ding to histological criteria alone did not fulfil the chosen
radiological criteria because they were submitted to the
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study "too early" in the course of their disease, presenting
with only mild radiological alterations. Some of these pa-
tients have in the meantime developed more "diagnostic" fea-
tures and will now be introduced into the study. Yet, this
implies that the established radiological criteria used were
those of an advanced Crohn's disease and indeed [Table 1]
stenosis, fistulae and cobble-stone patterns are certainly
not features of an early involvement in this disease. With
increasing experience and more extensive availability of
endoscopy 1in paediatric clinics the evidence accumulated
until now shows that endoscopic findings will probably be an
important candidate for an additional diagnostic criterion
for early diagnosis in future cases.

A second important consequence of the evaluation of the
first group of patients admitted was the decision to continue
the study on a purely prospective base. New evaluation sheets
for the case history, clinical findings, radiology, endo-
scopy, histology, laboratory data and surgery at the time of
diagnosis were elaborated and should serve as a diagnostic
check-list for new patients to be entered into the study.
The input of these new cases 1is scheduled for the next
months.

The third task of the study group was an evaluation study
of a paediatric Crohn's disease activity index. With one
exception (4) no index hitherto published (5,6) is suitable
for use in children, as specific paediatric aspects of the
disease, e.g., growth and development, are not included in
them. The study group therefore set out a prospective pro-
gramme for the establishment of a suitable index. In a first
step, 3 blocks of information will be prospectively gathered
at each patient-visit, with at least two observations per
patient: case history [patient diary, two weeks prior to the
evaluation], clinical findings and laboratory data [36 single
observations per patient]. Each block will be evaluated by
the examining physician according to his own "impression" as

independently from the data gathered as possible. Furthermore
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the course of the disease since the last evaluation [im-
proved, steady, deteriorated], the 1localization of the di-
seased bowel, the prescence or absence of prior bowel resec-
tion , the treatment at the time of the evaluation, as well
as age and sex wWill be registered. A stepwise multiple re-
gression analysis and correlation study will allow the es-
tablishment of a suitable and workable activity index for
paediatric patients.

These three tasks are now in progress, the first entry of
data for the activity index being scheduled for November
1980. Therapeutic trials will be considered when the tools
described above will become operative.
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A9 Summary of Discussions relating to topics A6 to A8

Truelove:

Farmer :

Riis:

Shmerling

Douwes:

It seems that physicians who are dealing with
children suffering from Crohn's disease consider
that they have to adopt rather different criteria to
assess activity than those of us who deal mainly
with grown-up patients.

My opinion, based on our own studies, is that
there is certainly a difference in disease criteria
if one is dealing with the pre-pubertal child, in
contrast to the late adolescence child. The latter
are very similar to patients who are twenty-five or

thirty years old.

Our experience is that it is more a question of
pediatricians knowing that these diseases actually
exist in children. In children with Crohn's disease
who present with chronic dyspepsia, intolerance of
cow's milk, or psychological problems, the diagnosis
is often delayed until eventually a gastroenterolo-
gist sees them.

: I completely agree that the situation in the
pre-pubertal child is a special one. Puberty should
be defined according to established criteria and
these include bone age. You are completely right
that one of the main tasks in pediatrics is to raise
the level of awareness in pediatricians that Crohn's

disease is becoming relatively common in children.

In the Netherlands, we are not yet ready to make
an activity index for Crohn's disease in children
because our dreatest problem is that at present
these children are referred to us too late.
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Al0 General Discussion and Conclusions
Reported by S.C. Truelove

DEFINITION AND ASSESSMENT OF ACTIVITY

The group of scientists and clinicians with particular inte-
rest in assessment of disease activity had a useful discus-

sion from which the following points emerged:

1. It is essential to have an index [or possibly several
indices] of disease activity, not only for use in controlled
therapeutic trials but also in scientific investigations of

the aetiology and pathogenesis of Crohn's disease.

2. Existing indices of activity, such as the CDAI, have
already proved useful but the question is whether better
indices can be evolved. The group considered that debating
the comparative virtues and shortcoming of existing indices
was likely to be a sterile exercise. There was deneral
agreement that existing indices relied heavily on subjective
measures of assessment and that there was a need for develop-

ment of indices based on objective measurements.

3. A working party of interested members of the group
was set up for this purpose, with Dr. F.T. de Dombal as its
secretary. The working party considered that it would be best
for its members to have a special meeting to consider the
best ways to study the problem. It is planned to have such a

meeting in about three months time.
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SIGNIFICANCE OF LIP BIOPSIES IN THE DIAGNOSIS OF CROHN'S
DISEASE [ROUTINE HISTOLOGY AND IMMUNOFLUORESCENCE]

M.K. BASU, I.M. CHESNER, R.A. THOMPSON and P. ASQUITH

INTRODUCTION

Macroscopic oral lesions have been described in 4-9% of
patients with Crohn's disease and ulcerative colitis (1).
More recently apparently disease specific immunofluorescent
changes have been found in biopsies of macroscopically normal
mouths in Crohn's patients (2). The present study was carried
out to compare the histology of macroscopically uninvolved
oral mucosa and minor salivary glands from Crohn's patients,
with that from patients with ulcerative colitis and also
normal controls. We have also tried to determine the disease
specificity of the immunofluorescence staining.

PATIENTS AND METHODS

Following informed consent, lower lip biopsies [including
if possible minor labial salivary glands] were obtained under
local anaesthesia from 14 Crohn's patients [of which 12 were
suitable for routine histology], 13 ulcerative colitis pa-
tients and 10 normal controls [laboratory and clinical
staff]. The diagnosis in each case was based on accepted
clinical, 1laboratory, X-ray and histological criteria (3).
Ten of the fourteen Crohn's patients had ileo-colitis, the
remaining four Crohn's colitis. Of the thirteen UC patients,
eight had total UC, one had sub-total UC, two had left sided
disease, two had recto-sigmoiditis.

Disease activity at the time of the 1lip biopsy was as-
sessed from symptoms and from levels of haemoglobin and serum
albumin, orosomucoid and complement components C3 and C4.
Based on these parameters, nine of the Crohn's patients and
six of the UC patients were in remission; the rest had active

disease.
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One part of the oral biopsy specimen was fixed in 10%
neutral buffered formalin, processed and stained with haema-
toxylin and eosin, Weigert's elastic stain and PAS technique.
The incidence of abnormal biopsies in each study group was
then determined without knowledge of the source of the biop-
sy; an abnormal biopsy was defined as showing either an epi-
thelioid granuloma, or focal lymphocytic adenitis [Fig. 1]
with acinar atrophy, tubular hyperplasia and non-specific
inflammation in the lamina propria and submucosa. The sial-
adenitis was classified from grades 0-4, depending on the
degree and distribution of inflammatory cells (4).

Figure 1. Focal lymphocytic infiltration in mouth biopsy from
Crohn's patient.

Another part of the oral biopsy was processed for immuno-
fluorescence studies. This piece was cryostat sectioned,
washed in buffered saline and incubated with neat and then a
1/10 dilution of either autologous or heterologous serum for
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30 minutes at room temperature. The slides were again washed
and stained with a 1/20 dilution of fluorescein conjugated
anti-human IgG [Wellcome reagents]. Following a final wash-
ing, the sections were mounted in glycerol and examined using
a Vickers M40 microscope with epi-illumination and appropri-
ate filters.

RESULTS

Routine Histology

Abnormal biopsies were found in 67% of Crohn's patients
and 23% of UC patients, but were not found in any of the
control subjects. However, no biopsy showed non-caseating
epithelioid cell granulomata. The most frequent signs of
non-specific inflammation in both CD and UC were grade 2 or 3
sialadenitis. No biopsy showed evidence of vasculitis. Nei-
ther the presence nor the degree of histological abnormality
correlated with disease activity or in CD with the site of
disease.

Immunofluorescence

Using autologous sera of the 14 Crohn's patients, 8 show-
ed positive staining [2 strong]; in contrast, only 2 of 13 UC
patients [l strong] and 2 of 10 healthy controls [l strong]
showed positive staining. Moreover, using heterologous sera,
most positive sera produced positive immunofluorescence with
heterologous mucosa but the degree of staining was not so

mar ked.

DISCUSSION AND CONCLUSIONS

Small focal aggregates of chronic inflammatory cells and
minor parenchymatous changes occur in labial salivary glands
with age but these changes are restricted to grade 1 or grade
2 changes without acinar replacement, periacinar fibrosis or
tubular changes. In this study the majority of patients were
aged less than 40 years and the biopsies from 9 [80%] showed
grade 3 changes. Additionally, all biopsies demonstrated
other histological changes, suggesting that the occurrence of

abnormal biopsies in these patients was not related to age
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but was associated with the presence of bowel disease.

The relationship of 1labial sialadenitis to Crohn's di-
sease and ulcerative colitis is not clear. Circulating anti-
tissue antibodies are commonly found in certain collagen
diseases (1) and it may be relevant that such antibodies are
also found in Crohn's disease and ulcerative colitis. What-
ever their pathogenesis, it would appear that routine histo-
logy of lip biopsies in a patient suspected of having inflam-
matory bowel disease, could help in confirming the diagnosis
and help in distinguishing Crohn's disease from ulcerative
colitis.

The immunofluorescence staining is localized to a differ-
ent anatomical site than the histological changes already
described and cannot therefore clearly be related to the lat-
ter. It is possible that circulating anti-mucosal antibodies
formed in the intestines of patients with inflammatory bowel
disease could cross-react with any mucosal membrane including
that in the mouth. More likely is that an inflamed oral muco-
sa, occurring in inflammatory bowel disease, could allow
local mouth antigens [for example bacterial antigens] to
cross the mucosal barrier to stimulate local antibody produc-
tion. These antibodies could then cross-react with oral epi-
thelium. Although a positive test is not confined to Crohn's
patients, in certain cases where the distinction between CD
and UC is uncertain, the test could help in the differential

diagnosis, especially if combined with routine histology.
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DUODENAL BIOPSY CELL COUNTS AND HISTOPATHOLOGY IN CROHN'S
DISEASE

S.C. SOMMERS and B.I. KORELITZ

INTRODUCTION

Endoscopic biopsy specimens were obtained from the eso-
phagus, body of stomach, gastric antrum and duodenal bulb of
45 patients with Crohn's disease. The diagnosis was based on
appropriate clinical and radiologic criteria. The ileum, the
colon, or both were involved radiologically. No case invol-
ved the upper gastrointestinal tract.

MATERIALS AND METHODS

Endoscopic appearances were recorded, and independent
histopathologic analyses were made of serial sections of the
45 biopsies from Crohn's disease patients. Specimens were
fixed in Bouin's solution and paraffin sections were stained
with hematoxylin-phloxin-safranin. Also cell counts of 500
connective tissue cells of the duodenal lamina propria were
made, using a manual cell counter. Fibroblasts, macrophages,
mast cells, lymphocytes, plasma cells, neutrophils and eosi-
nophils were counted (l1). The microscopic fields containing
500 such cells were recorded, so that the cell population per
unit area could be determined. Not enough lamina propria
connective tissue cells were present in the gastric or eso-
phageal biopsies to permit counting 500 cells in each.

Control biopsies for histopathologic study and comparable
cell counts of duodenal lamina propria were made available by
the courtesy of Joke Kreuning, C.J.L.M. Meijer and J. Linde-
man, Departments of Gastroenterology and Pathology, Acade-
misch Ziekenhuis, Leiden. The control specimens had been
fixed in formol-sublimate and stained with hematoxylin-eosin.
Numerous special stains and immunoperoxidase reacted slides
were also available. Fifty specimens had been obtained from
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volunteers (2).

Means and standard deviations were computed for each
connective tissue cell type, and these figures were compared
with the duodenal biopsy cell counts of the 45 Crohn's dis-
ease cases and the 50 volunteer cases. The Student t-test
was employed for statistical analysis, with technical assis-
tance provided by courtesy of P.H.J. Kurver, SSDZ, Delft.

RESULTS

Histopathologic abnormalities were found in one or more
duodenal biopsies in 19 of 45 Crohn's disease cases. In
eight patients endoscopy had shown a mucosal reddening or
erosion, while in 11 with histologic alterations the mucosa
had appeared grossly normal. Twelve lesions in the gastric
antrum or duodenal bulb were considered suggestive of Crohn's
disease, including 3 granulomas, 2 in the gastric antrum and
1 in the duodenum. The other 9 lesions comprised 5 biopsies
showing lymphedema or lymphangiectasia and 3 showing chronic
inflammation and fibrosis, and one showing a crypt abscess.
Most frequently lesions were present in the gastric antrum,
and next in the duodenum.

There was no correlation found between endoscopically
observed mucosal alterations and the presence or type of
histopathologic changes. In addition, no correlation between
the presence or type of 1lesion and clinical activity of
Crohn's disease was evident. Among the 50 control biopsies,
one example of duodenal inflammation and lymphangiectasia was
seen.

Duodenal 1lamina propria cell counts gave the following
values, means and standard deviations, of cells:

Fibro- Macro- Mast Lympho- Plasma Neutro- Eosino-
blast phages cells cytes cells phils phils

Crohn's 83.9 48 .5 1.2 198.4 174.7 5.7 0.02
disease +16.2 +12.8 +1.1 +45.1 +58.3 +15.5 +0.16
[N=45]

Controls 121.3 24.9 .

4.3 162.4 181.3 1.6 6.4
[N=50]  +22.9 +12.0 +2.0 +35.6 +41.7  +2.0  +7.7
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There were significant greater numbers of lamina propria
macrophages and significant smaller numbers of fibroblasts
and mast cells in Crohn's disease cases than in the control
cases [all p<0.001]. Numbers of other cell types were not
significantly different from normal.

Replicate cell counts of 13 control duodenal biopsies,
using different serial sections, showed a variation of 2 to
6 percent between counts of the major cell types, and of 10
percent between counts of mast cells, neutrophils and eosino-
phils.

DISCUSSION

Previous studies of rectal and sigmoid biopsies from
Crohn's disease patients, both whether the endoscopic appear-
ance of the rectosigmoid was abnormal or normal, have showed
increased lamina propria macrophages when cell counts are
performed (3,4). Likewise duodenal biopsies now demonstrate
significantly increased lamina propria macrophages, compared
to appropriate controls. It is believed that mobilization of
mucosal macrophages is a cytologic characteristic of Crohn's
disease, both in clinically and grossly uninvolved and in-
volved portions of the gastrointestinal tract.

Significantly reduced fibroblasts in the duodenal mucosa
of Crohn's disease patients, compared to controls, have not
previously been found. This is believed to reflect the in-
creased cross-sectional area of the 1lamina propria due to
increased numbers of leukocytes, as described by Rosekrans et
al. (5) in allergic gastrointestinal disease. In the original
study of this case material, with only 20 control duodenal
biopsies, mast cells were found to be very significantly
increased in Crohn's disease [p<0.001], while in the present
report with 50 controls, mast cells are significantly less
than normal in Crohn's disease [p<0.001] (6). These para-
doxical results may reflect differences in fixation and
staining in the Crohn's and control cases that affected the
identification of some mast cells. In addition, the original
20 controls may not actually have been appropriate, which is
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one reason why the assistance of the Leiden group was so
helpful in this project.

Histopathologic evidence of clinically and endoscopically
inapparent Crohn's disease was present in the form of granu-
loma or microgranuloma (7) in 3 of the 45 cases [7%]. Sug-
gestive but not conclusive abnormalities were found in an
additional 9 cases, and 7 others had non-specific pathologic
changes.

The pathogenesis of Crohn's disease has long been con-
sidered by one of us [SCS] to involve the absorption from the
gastrointestinal lumen of a macromolecule that was part pro-
tein and part phospholipid or glycolipid (8). This material
would attract macrophages into the intestinal mucosa and set
up the characteristic inflammatory lesions of Crohn's dis-
ease, comprising lymphatic blockage by leukocytes, persistent
lymphangiectasia, sometimes granuloma formation, and ensuing
fibrosis.

Reports that the intestinal mucosa contains an increased
population of IgM containing plasma cells by Meijer et al.
(9), Rosekrans et al. (10) and others support the belief that
individuals with Crohn's disease produce and secrete increas-
ed amounts of intestinal IgM. This immunoglobulin type forms
macromolecular polymers, attracting macrophages 1locally to
ingest and digest them. If secreted into the bowel along its
length and resorbed 1lower down where the proteolysis is
less, with or without phospholipids or glycolipids of diverse
origin, the inflammatory process peculiar to Crohn's disease
could thus be initiated and maintained. In mice this specu-
lation can be tested as an experimental model, since IgM from

mouse myeloma is available.

CONCLUSIONS

Biopsies of four sites of gastrointestinal mucosa from 45
patients with ileal or colonic Crohn's disease were examined
histopathologically. Gastric antral or duodenal granulomas
were found in 3 [7%], and in 9 additional cases there were

abnormalities suggestive of Crohn's disease. No correlation
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was evident with endoscopic appearances or the clinical acti-
vity of the ileocolic disease.

Cell counts of duodenal lamina propria were made and
compared statistically with 50 control biopsies. Signifi-
cantly increased mucosal macrophages and significantly de-
creased fibroblasts and mast cells were present in Crohn's
disease cases, compared to the controls. These findings,
along with similar observations in rectosigmoid biopsies
reported previously support the concept that Crohn's disease
involves the entire alimentary canal.
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DOES THERE EXIST ANY CORRELATION BETWEEN CLINICAL FINDINGS
AND THE HISTOPATHOLOGY OF RECTAL BIOPSY IN CROHN'S DISEASE? A
MORPHOMETRICAL STUDY

P. SCHMITZ-MOORMANN, U. WERKMEISTER, G.W. HIMMELMANN, J.W.
BRANDES and H. EHMS

The National Cooperative Crohn's Disease Study of the
United States did not find any correlation between the grade
of inflammation of the rectal mucosa and the Crohn's disease
activity index. We recently developed a morphometrical ana-
lysis of biopsy specimens in which 80 different histologic
parameters can be measured. This kind of analysis has allowed
us to re-examine the question of the correlation between
disease activity and rectal mucosa histology.

METHODS AND RESULTS

Rectal biopsy specimens from eighty-seven patients and 81
healthy controls formed the basis of the study. All biopsies
were taken from the back wall of the rectum at a height of
5-10 cm. In each patient the extent and localization of dis-
ease was known as was the Crohn's disease activity index.

As shown in tables 1 - 5 histologic parameters relating
to total mucosa, epithelium, mucosal stroma, lymphatic tissue
and submucosa were measured; the units of measurements are
given in each table. For all of the 87 patients, each para-
meter was statistically correlated with the disease activity
index and a correlation coefficient [CCAI] computed.

The morphometrical data for the various histologic cate-
gories are shown in tables 1 - 5:



Table 1. Parameters of the

Thickness of the mucosa
Length of the crypt
Distance of the crypt

Branching of the crypt

Deformation of crypts
Ratio crypts/total mucosa

superfici
basal
Ratio

al

lymphatic tissue/mucosa

* Estimated values. Grading from 1= absent to 9=
CCAI = Correlation coefficient with the activity

total mucosa

Normal

429.0y
253.0u
15.2y
1.0%*
1.0%*

51.3%
52.8%

11.9%

Table 2. Parameters of the epithelium

Height of the epithelial cell

superficial

upper part of the mucosa
lower part of the mucosa

Relative content of goblet cells

upper part of the
lower part of the
Reduced production of

superficial

upper part of the
lower part of the
Leucocytic migration

upper part

lower part
Crypt abscess

upper part

lower part
Ulcers

upper part

lower part

of
of

of
of

of
of

the
the

the
the

the
the

mucosa
mucosa
mucus

mucosa
mucosa

mucosa
mucosa

mucosa
mucosa

mucosa
mucosa

Normal

24.6
22.9
22.6

43.9
63.5

o TTLT

2.08*
2.27%*
2.63%

*
*

53

CD CCAI
520.8 + 0.28
414.0 y + 0.22

58.5 u + 0.11
1.07%* - 0.05
1.68%* - 0.05

47.4%

51.2%

9.4%

maximal
index
CDh CCAI

33.8 y +0.01

31.0 p +0.13

29.0 y +0.11

57.3 %

55.9 %

1.77%* -0.07
2.18%* -0.14
1.72% +0.01
1.34%* -0.36
1.46%* +0.02
1.23%* -0.20
1.46%* +0.10
1.32% -0.22
1.14%* +0.10

* Estimated values. Grading from 1= absent to 9= maximal
CCAI = Correlation coefficient with the activity index
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Table 3. Parameters of the mucosal

Edema
Superficial
basal

Fibrosis
superficial
basal

Epithelioid cell granuloma
superficial
basal

Content of cells*¥*
superficial
basal

Content of plasma cells*¥*
superficial
basal

Content of lymphocytes*¥*
superficial
basal

Content of histiocytes**
superficial
basal

** counted in a field of 0.08 mm2

stroma

Normal CD

NN
o e
w0

1.45%*
1.32%

1.33%
1.41%*

1.87*
2.35%

=N
O =
. .
wul O o

o
. e . .
o

ww (S, N9
w» O

CCAI

+0. 28
+0.31

-0.12
-0.05

+0.05
+0.10

+0.18
+0.19

+0.10
+0.10

+0.15
+0.05

-0.02
+0.06

* Estimated values. Grading from 1= absent to 9= maximal
CCAI = Correlation coefficient with the activity index

Table 4. Parameters of the lymphatic tissue

Ratio lymphatic tissue/mucosa

Ratio germinal centre /mucosa
Content of cells/0.01 mm2
lymphocytes
histiocytes
plasma cells
immunocytes

Norma
11.9

9.4
88

69
1
3
3

HoWw

CCAI = Correlation coefficient with the

1 CD
% 9.4 %
% 13.8 &
77
63
1.2
2.1
10.4

activity index

CCAI

-0.03
-0.08
+0.14
+0.18
+0.01
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Table 5. Parameters of the submucosa

Normal CD CCAI
Destruction of M. mucosae 1.0%* 21.0%* +0.10
Fibrosis 1.0* 1.4%* +0.10
Epithelioid cell granuloma 1.0% 1.5* +0.04
Content of cells/0.01 mm? 10.5 21.5 +0.13
plasma cells 3.4 4.8 +0.10
lymphocytes 2.5 5.5 +0.13
histiocytes 2.0 3.7 -0.02

* Estimated values. Grading from 1= absent, to 9= maximal
CCAI= Correlation coefficient with the activity index

Using this data, the following comparisons were evaluated
statistically:

1. Comparison of the morphometrical data of healthy persons
and those of patients suffering from CD.

2. Comparison of the localization and extent of CD with the
morphology of the rectal mucosa.

3. Comparison between the activity index with its coeffi-
cients and the morphometrical data of CD.

The morphometry of healthy and affected mucosa showed an
overlapping of most of the parameters. Many of these parame-
ters show only little differences between normal and affected
mucosa [Tables 1-5]. Therefore, we did not at first believe,
that a discrimination between normal and affected mucosa
would be possible. However, after performing a multiple step-
wise discrimination analysis, using 20 selected morphometri-
cal parameters we obtained a sharp discrimination between
normal and affected mucosa without any overlapping [Fig.l].

Only incomplete evaluation of the relation between loca-
lization, extent and morphometry was possible. By making this
evaluation we formed four categories to express the localiza-
tion and the extent.

category 1l: Only the small bowel is affected.

category 2: Only the large bowel is affected

category 3: The large bowel and the rectum are affected.

category 4: The small and large bowel as well as the

rectum are affected.
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Figure 1. Computer plot of the multiple stepwise discrimina-
tion analysis of morphometrical values of the rec-
tal mucosa.

As shown in table 6, several morphometrical parameters
showed a good correlation with this grading. Presently, we
are trying to get a sharper discrimination by a multivariate
analysis.

Our last question was whether there is a relation between
the activity index and the morphometry. We found that only a
few morphometrical parameters show a statistically signifi-
cant correlation with activity index, such as the thickness
of the mucosa, the length of the crypt and cryptal abscesses
[tables 1-5].

Table 6. Comparison of localization and extent versus morpho-
metry

Morphometrical parameters

with significant correlation Correlation coefficient
Distance of the crypt + 0.254
Length of the crypt + 0.241
Height of the mucosae + 0.248
Edema of lower mucosa + 0.328
Granuloma of lower mucosa + 0.229
Destruction of M. mucosa + 0.280
Cell content of upper mucosa + 0.381
Cell content of basal mucosa + 0.319
Cell content of submucosa + 0.323

In a multivariate regression analysis of the correlation
of 18 morphometrical parameters, with the activity index, the
computer plotted an excellent linear regression. This means
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that there is a very good correlation between selected as-

pects of the morphology of the rectal mucosa and the activity

index.

00

morphometrical
multivariable

o}

activity index

Figure 2. Computer plot of the regression analysis of 18 mor-
phometrical parameters against the activity index.
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CONCLUSIONS

Our investigation so far can be summarized as follows:

1. Rectal mucosa of Crohn's disease is definitely discerni-
ble from normal mucosa by morphometrical investigation.

2. The morphology of the rectal mucosa in Crohn's disease
seems to be correlated with the localization and the ex-
tent of the disease.

3. There is a good correlation and a linear regression be-
tween the Crohn's disease activity index and selective
features of the morphology of the rectal biopsy.

However, it should be added that the present findings do
not bring any help to the pathologist in his daily routine
work unless we are able, to turn over these statistical re-
sults in simple diagnostical microscopy. This is under inves-

tigation at present.
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B4 Summary of Discussions relating to topics Bl to B3

Mayberry: We conducted a study that was similar to that of
Asquith. However, we concluded that the immuno-
fluorescent test is non-specific since both colitis
and controls can be positive. It should be noted
also, that it is difficult to observe the fluores-
cence, and lip biopsy is a painful procedure.

Asquith: I agree that lip biopsy is painful; that is why
we only had ten healthy controls. Even though 20
percent of UC patients may be positive and healthy
controls are occasionally positive, the test is
useful because it adds information. We have studied
300 mouth biopsies in different situations, mainly
in patients with aphthous ulcers. The changes noted
in lip biopsies obtained from CD and ulcerative
colitis patients were not found in these control

biopsies.

Meuwissen: In addition to the 1lip biopsies, has Asquith
taken biopsy specimens from aphthous lesions in the

mouth in Crohn's disease?

Asquith: Yes, but we find it very difficult to distin-
guish aphthous ulcers in Crohn's disease from those
that are idiopathic or associated with coeliac

disease.

O'Morain: Was the abnormality Sommers presented specific
to Crohn's disease, and has he looked at UC? Also,

has he studied lysozyme?
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Sommers:

Tijtgat:

Asquith:

Sommers:

Yardley:

We have not had duodenal biopsies to examine
from patients with UC. The material obtained from
Leiden contained biopsy specimens with immunopero-
xidase stains for lysozyme. We have used them as a
check on the number of macrophages present in the
lamina propria, and they seemed to agree with the
findings obtained with hematoxylin and eosine
stained tissue.

What treatment was given to Asquith's and Som-
mer's patients?

The UC patients were on salazopyrine except for
two who received steroids. Approximately half the
Crohn's group were on salazopyrine, some were on

steroids as well, and others on steroids alone.

Patients that had been on sulphasalazine or
6-MP were off therapy for thirty days, and for at
least ten days if they were on ACTH or adrenal
steroids.

I agree that morphometric methods may indicate
histological changes one might otherwise not appre-
ciate. However, can one translate morphometric
studies into a more practical approach for dealing
with patients?

Schmitz-Moormann: To use morphometric techniques one must

Sommers:

have an appropriate normal control, and this is
often not feasible. Further work on morphometry is

needed.

A definite diagnosis of CD is possible only if a
granuloma or microgranuloma is present. Yet, it
only takes about ten minutes to count five-hundred
connective tissue-cells. I think we are on the
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verge of doing differential counts on tissue biop-
sies to identify the differences between UC and CD.
Furthermore, there is a request by the U.S. inven-
tor of the automated leucocyte counter to redesign
his machine and use it for tissue analysis.

The most important point is that CD may be a
disorder that is generalized throughout the gastro-
intestinal tract, even though the obvious 1lesions
are focal. Some years ago Skinner, showed by mor-
phometry that there was a marked excess of immuno-
cytes in rectal biopsies from CD which had been
reported as histologically normal. At the same
time, Goodman showed that rectal biopsies, taken
from the apparently normal rectum in patients with
CD commonly had enhanced 1levels of glucosamine
synthetase.
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FOCAL NON-SPECIFIC INFLAMMATION [FNI] IN CROHN'S DISEASE

J.H. YARDLEY and S.R. HAMILTON

INTRODUCTION

Greatest diagnostic reliability in Crohn's disease [CD]
is attached to presence of granulomas when assessing mucosal
biopsies (1,2). However, most investigators find that granu-
lomas are detectable in less than 25% of biopsy specimens
from patients with CD. Other more commonly seen forms of
inflammation in CD are: a] Non-specific acute and chronic
inflammation with a prominent admixture of macrophages,
termed by us "granulomatous features", that at times forms
indistinct collections of cells suggesting early granuloma
formation; b] Conventional non-specific and acute and chronic
inflammation without prominence of macrophages.

We have noted that when the distributional pattern of
non-specific inflammation is considered whether or not accom-
panied by granulomatous features, its value as a diagnostic
finding is enhanced. For this purpose we distinguish between
the following distributional patterns in inflammatory bowel
disease [IBD]: a] Diffuse, in which intensity of inflammation
is similar everywhere. b] Patchy, in which inflammation is
widespread, but with noticeable variation in intensity in
different parts of the mucosa. c] Focal, in which highly
localized areas of inflammation are surrounded by mucosa
showing 1little or no active inflammation (1). This report
summarizes evidence obtained by us that focal non-specific
inflammation [FNI] is a regularly seen finding in CD which is
useful in detecting the disorder and in differentiating be-
tween Crohn's disease and ulcerative colitits [UC].

PROCEDURES
Blinded rectal biopsy study: The distribution of non-
specific inflammation was studied in rectal biopsies from
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patients who had active UC, ulcerative proctitis, or indeter-
minate IBD (l1). Clinical, radiologic, and pathologic informa-
tion was used to classify the patients. Patient selection was
random except that those with UC were included only when
histologically active disease was present. There were 54
biopsies which were coded and examined by two observers.
Histologic criteria were those for focal, patchy, or diffuse
distribution described above, but without reference to granu-
lomatous features.

Colo-rectal biopsies in CD: Information on 237 separate
colo-rectal biopsy studies classified and indexed under the
scheme described above was reviewed and summarized. Included
were all biopsies from proven or suspected Crohn's disease
and showing active inflammation which were seen at John Hop-
kins from 1974-78.

"En face" study of colon mucosa: In order to increase the
sensitivity and efficiency of microscopic survey, mucosa in
formalin-fixed right hemicolectomy specimens was "filleted"
from the muscularis propria, and sheets of mucosa measuring 2
by 1-1/2 cm were pressed flat with warm glass during paraffin
imbedding (3). They were then sectioned parallel to the lumi-
nal surface according to the method used to study adenomato-
sis coli (4). Ninety square centimeters of colonic mucosa in
28 tissue blocks from 3 patients with Crohn's disease were
studied histologically (3).

RESULTS

Findings in the blinded study of colo-rectal biopsy mate-
rial strongly favoured association of FNI [with or without
granulomatous features] with CD [Table 1l]. While FNI was not
seen in any of the 14 biopsy specimens from patients with
active UC, it occurred in 10 of 23 showing active CD. At the
same time, patchy and diffuse inflammation were also noted in
CD, emphasizing that those distributions do not exclude CD.
The results with ulcerative proctitis and indeterminate coli-
tis [Table 1] additionally stresses the non-specific charac-
ter of the distribution.
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Table 1. Rectal biopsies in Crohn's disease and ulcerative
colitis®. Distribution of non-specific acute and
chronic inflammation

Disease Focal Patchy Diffuse Absent
Crohn's disease 10b 4 9 9
Ulcerative colitis 0 2 12 N/A
Ulcerative proctitis 0 1 1 0
Indeterminate colitis 2 0 4 4

a Data modified from ref. 1.
b No. of biopsies

The value of noting FNI was also borne out in the review
of routinely indexed colo-rectal biopsy studies. Among the
237 indexed studies in proven or suspected Crohn's disease
with demonstrated disease activity, granulomas were disco-
vered in 25%, 28% showed non-specific inflammation with gra-
nulomatous features [no notation being made about distribu-
tion], and 48% revealed only non-specific inflammation with-
out describing granulomatous features. However, in 31% of
those with non-specific inflammation without granulomatous
features, the lesion was also described as focal. During the
same period [1974-1978] this was never observed in patients
with active UC.The results give additional support to FNI as
an aid in recognizing CD and distinguishing it from UC.

Study of en face sections of colonic mucosa from CD (3)
clearly showed that the large areas surveyed from all three
patients revealed active inflammatory lesions, including
occasional granulomas, but most often as FNI either with or
without granulomatous features [Fig. 1]. Inflammatory lesions
were seen in conventional sections from only one of the same
patients, and none were found in en face sections from 3
control patients. The findings gave further emphasis to the
regular and wide spread occurrence of FNI in CD even in

grossly normal mucosa.
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Figure 1. A. Low power view of a large sheet of grossly nor-
mal colonic mucosa from CD sectioned en face [bar=4
ngbetail of focal non-specific inflammation [FNI]
as revealed by en face section [bar=100y m].

DISCUSSION AND CONCLUSIONS

In actual fact, non-specific, acute and chronic inflam-
mation is the major form taken by the inflammatory process in
both CD and UC. The regular occurrence of focal inflammation
in CD has also been described previously. In an elegant com-
puterized study, focal non-specific inflammatory lesions were
observed preferentially in CD over UC at a highly significant
level (5). Others have emphasized the related focal or irre-
gular reduction in goblet cell mucin in CD (6, 7, 8). The
localized "aphthoid ulcers" which occur in otherwise grossly
normal mucosa in CD (9) are in all likelihood a particular
aspect of widespread FNI lesions occurring in the disease.

From the standpoint of the usefulness of rectal biopsy in

CD, it should be stressed that inflammation, including FNI

and granulomas, are sometimes detected in rectal biopsies in

CD even when the disorder seems clinically limited to the

small intestine or to the small intestine and right colon.

This was true in the blind biopsy study summarized above (1),

and was observed by others (10, 11).
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Finally, it should be stressed that non-specific inflam-
mation [with or without granulomatous features], and granu-
lomas can be found in the same specimen, sometimes even in
the same area as merging lesions. And as others at the confe-
rence has noted, FNI 1lesions in CD could have special rele-
vance for pathogenic and etiologic studies in CD. This fol-
lows logically from their widespread occurrence and the fact
that FNI lesions may well be the earliest recognizable histo-
logic finding to appear in CD.
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B6 Summary of Discussions relating to topic B5

Sommers: The terms microgranuloma, granulomatous features
and epithelioid cell collection are essentially
synonyms. The lesions are very focal, and multiple
sections are therefore important.

de Dombal: Yardley's experience regarding incidence of
various histologic lesions agrees with those in the
various centres that I described. I think we have
arrived at a statement of general experience in the

U.S.A. and elsewhere.

Strober: What is the most essential and characteristic
lesion in CD, and what is the earliest important
lesion? Is it the non-specific infiltrate or the
granuloma? Also, are there limitations to ordinary
histopathological studies?

Yardley: There are no definable limits to morphology. The
essential point is knowing how to look at and what
to look for. I think the nonspecific lesion is more
likely to be the earliest lesion than either the
granuloma or the granulomatous features. My main
evidence for this is experimental. If you place
tubercle bacilli into tissue and follow the reac-
tion, the first thing that occurs is conventional
acute and chronic inflammation followed by the gra-
nulomatous response. I must assume, therefore, that
the same thing happens in CD.

Sommers: Macrophages proliferate in response to the mac-
romolecules which they ingest and digest. Rosekrans
et al. found increased IgM-containing plasma cells
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Schmitz-

Moormann:

Yardley:

Jewell:

Tijtgat:

in CD. IgM is the immunoglobulin that naturally
formes complexes, and this may occur without immu-

nologic or allergic reaction.

My paper [see below] on the sequence between
inflammation and granuloma touches on Jjust this
point. However, there is also focal inflammation
in Yersiniosis, sometimes even with macrophages
which form granuloma-like structures. I have also
seen focal lesions in typical UC in the non-in-
flamed areas. There are many other causes, such as
milk allergy and unidentified infections.

Perhaps I haven't emphasized sufficiently the
word non-specific. There was no intention to imply
that the focal lesion is absolutely specific for CD
and excludes other causes of inflammatory disease

in the intestine.

Since the whole of the gastrointestinal tract
may be involved in CD, theories about the earliest
lesion must apply to the whole of the gastrointes-
tinal tract, including the mouth. Possibly there
is a biochemical defect of permeability allowing
more ready access of antigens into the lamina pro-
pria. We know that HLA antigens, and more recently
possibly immune response antigens, are 1located 1in
the epithelium of the gut. Such factors could en-
able to the whole of the gut to be mildly abnormal,
and then for certain focal areas to be picked out
for maximum disease because of local conditions,
such as concentration of antigen.

Can the histological characteristics change with
treatment? It can become difficult to make the dif-
ferential diagnosis by sigmoidoscopy in patients
receiving steroids. Does the pathologist have the
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same problem?

In patients on large doses of systemic steroids
or with heavy use of steroid enemas there can be
suppression of the 1lymphoid tissue in a rectal
biopsy, but if there is active disease the basic
character of the lesion is still there. I don't
know what percentage of biopsies from our patients
were taken during treatment, but I would guess at
least 50 percent.



70

THE HISTOPATHOLOGICAL EVOLUTION OF CROHN'S DISEASE

T.J. CHAMBERS and B.C. MORSON

INTRODUCTION

The histopathological diagnosis of Crohn's disease rests
upon the recognition of a combination of tissue changes each
of which is relatively non-specific, but which together pro-
duce a characteristic histological pattern (l). Some features
are always present: transmural 1lymphoid aggregates, mural
thickening, and fissuring ulceration. In addition about 70%
of cases show granulomas. Although the finding of granulomas
superimposed on the above histological changes is strong
supportive evidence, their presence is not essential for a
diagnosis of Crohn's disease to be made. This raises funda-
mental questions about the significance of the granuloma in
Crohn's disease, and indeed about the nature of Crohn's di-
sease itself. There are several possible explanations for the
inconstant presence of granulomas in Crohn's disease:

1] Crohn's disease may be caused by several different
agents, only some of which cause granuloma formation.

2] Granulomas may appear in Crohn's disease in some pa-
tients following mucosal ulceration and consequent access to
the diseased bowel wall by granuloma-inducing luminal agents.
This theoretical possibility is rendered less 1likely by the
observation that other diseases in which mucosal ulceration
occurs are not associated with the presence of granulomas.

3] A single aetiological agent of Crohn's disease may
only cause dgranuloma formation in some patients ([cf tuber-
culoid and lepromatous leprosy].

4] Granulomas may be present only in certain phases of
the disease [cf sarcoid, lymphogranuloma venereum].

We attempted to clarify the significance of the granuloma
in Crohn's disease by quantitating granulomas in tissue sec-
tions and correlating the number of granulomas observed with
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the site of disease, length of previous history and subse-

quent disease course.

METHODS

The 79 patients we studied were all the patients who had
undergone primary surgery for Crohn's disease at St Mark's
Hospital between 1955 and 1968 in whom a ten-year follow-up
was available. For each patient four random sections from
areas of resected bowel involved by Crohn's disease were
inspected. The number of granulomas in each section was no-
ted, together with the origin of the section [small intes-
tine, colon, rectum or anus]. The patients' notes were then
inspected for the relevant clinical details. All patients
with less than a ten-year follow-up were excluded, except

from studies on the regional distribution of granulomas.

RESULTS AND DISCUSSION

Of the 79 patients in the study, 47 showed no clinical,
radiological or biopsy evidence of persistence or recurrence
in the 10 years after the primary operation, and the average
number of granulomas in sections of involved bowel was 13. In
the remaining patients who did show evidence of recurrence,
there were 5 granulomas per section. Thus patients with a
poor subsequent clinical course showed significantly [p<0.01]
less granulomas in the primary surgical specimen than those
patients who have remained clinically disease-free for 10
years. Rather unexpectedly, we noticed that there was a wide
regional variation in the number of granulomas in involved
bowel. Taking all the slides from involved small intestine as
a group, the average number of granulomas per section was
1.1, compared with 6.1 in the colon, 18.3 in the rectum and
36.1 in the anus. This large difference in granulomas in
different parts of the bowel could have accounted for the
decreased number of granulomas in patients with a poor prog-
nosis if this group had a higher loading of sections taken
from proximal bowel. However, we found that in each region of

the bowel [except the ileum] the number of granulomas was
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lower in the poor-prognosis group [see Fig. 1].

How do we account for the striking regional variation in
numbers of granulomas? We felt two factors may be responsi-
ble. First, Crohn's disease is a granulomatous disorder, and
as in other granulomatous disorders, dgranulomas may be pre-
sent early and regress over a period of time. Second, that
distal Crohn's disease seemed more likely to result in exci-
sion earlier than proximal disease - the more fluid bowel
contents proximally may delay clinical symptoms [cf caecal vs
rectal carcinomal, and proximal mucosal inflammation is less
likely to lead to diarrhoea than distal inflammation [cf
coeliac disease and ulcerative colitis]. The regional varia-

Granulomas per
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Figure 1. The number of granulomas in different regions of
bowel involved by Crohn's disease, related to
subsequent disease course. NR=no recurrence, R=sum
of persistent and recurrent cases.
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tion may thus be accounted for by postulating that early
disease has more granulomas than late disease, and bowel is
resected earlier in the disease course in distal Crohn's

disease.
We found three lines of evidence to support this sugges-
tion. We divided the surgical specimens into three groups:

those from patients with symptoms for four years or 1less
prior to surgery, those with symptoms for 5-8 years, and
those with symptoms for more than 8 years. As shown in Fig.
2, the patients with the longest history had least granulo-
mas.

Granulomas per
section (*SEM.)
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Figure 2. The relationship between duration of previous symp-
toms and the number of granulomas in bowel excised
for Crohn's disease.

The second line of evidence resulted from a comparison
between the number of granulomas in the primary resection
specimen and the number in specimens removed for subsequent
recurrence. The later specimens showed a highly significant
reduction in granuloma content [Table 1]. The third line of
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evidence derives from comparing the number of granulomas in
the ileum in specimens of ileal disease with the number in
ileocolonic Crohn's disease. If later excision accounts for
the reduced number of granulomas in ileal specimens, then
those cases of ileal disease in which the colon was also
involved should present earlier than usual for ileal disease
and therefore contain more granulomas. We found that in
Crohn's disease confined to the ileum there was a mean of 0.6
granulomas per section, while in ileocolitis, sections of the
ileum contained an average of 3.7 granulomas per section.
Presumably the colonic disease had led to an earlier-than-
usual excision of ileum, with a consequently higher-than-usu-
al granuloma content.

Two findings emerge from these results. The first is
that the presence of granulomas in operative specimens con-
fers an improved prognosis. Granuloma formation thus appears
to be an adaptive host response for the improved elimination
of the aetiological agent of Crohn's disease.

Table 1. Number of granulomas per section in surgical speci-
mens of recurrent Crohn's disease

Origin of Granulomas Standard No. of sections
section [mean] deviation

Ileum 0.8 2 43

Colon 5 8.7 15

Rectum 0 - 5

Anus 4.3 4 3

Total 1.8 4.8 68

The second finding is that the number of granulomas seen
in bowel involved by Crohn's disease decreases with the pas-
sage of time. In this respect Crohn's disease is therefore
like other granulomatous diseases, such as sarcoid, lympho-
granuloma venereum and tuberculosis, in which the usual evo-
lution of the disease is granuloma formation in response to
the aetiological agent, followed by elimination of the agent

and the disappearance of granulomas. In these diseases the
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accompanying tissue fibrosis can lead to disordered tissue
function long after the granulomas have disappeared. One
reason then why granulomas are not always seen in Crohn's
disease is that in many cases, by the time bowel is excised
the original aetiological agent is no longer present. The
fibrosis and tissue damage in the bowel wall and lymphatic
drainage system persist, however, and may be the cause of the
continuing fissuring wulceration and chronic inflammation.
Similar chronic ulceration is seen following lymphogranuloma
venereum infection, and mural thickening with fissuring ulce-
ration can be induced in the bowel of pigs by damaging the
lymphatic system (2).

If this concept of the evolution of the disease is accep-
ted, it has implications for our approach to the clinical
assessment of disease activity, the effects of treatment, and
the search for the aetiological agent of Crohn's disease.
Many patients with clinically active disease show on surgical
histology of excised specimens only fibrosed, strictured
segments of intestine with chronic inflammation and no granu-
lomas. This suggests that many or all of the clinical symp-
toms and signs of Crohn's disease may be caused by tissue
scarring rather than by a current interaction between host
and aetiological agent. The clinical waxing and waning of
disease may result from episodes of attempted healing and
re-ulceration of irreversibly damaged bowel, and obstructive
symptoms may be the result of disordered bowel function per-
sisting long after the elimination of the aetiological agent.
Further, since granulomas rather than clinically active dis-
ease are a sign of the presence of the aetiological agent, it
would seem necessary to search for the agent in cases 1in

which granulomas are still present.
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HISTOLOGICAL STUDIES ON THE FORMAL PATHOGENESIS OF THE EPI-
THELIOID CELL GRANULOMA IN CROHN'S DISEASE

P. SCHMITZ-MOORMANN and H. BECKER

INTRODUCTION

The epithelioid cell granuloma is a well known lesion in
Crohn's disease. It is found mostly adjacent to 1lymphatic
tissue of the submucosa and subserosa. By the present study
we have analyzed the various histologic abnormalities found
in Crohn's disease and have constructed a likely sequence of
events for the development of the full-blown granuloma.

METHODS AND RESULTS

Four hundred and fifty three rectal biopsies and 152
colonic biopsies form the basis of this study. Using this
histologic material we correlated the frequency of epithe-
lioid granulomas with the presence of non ulcerative diffuse
colitis, local colitis, crypt abscess and ulcer or erosion.
Table 1 shows that granulomas are more frequently found when
crypt abcesses, erosions or ulcers are present in the rectal
mucosa and in table 2 in the colonic mucosa.

Table 1. Number of granulomas in percent found in different
inflammatory lesions of the rectum in Crohn's dis-
ease [453 biopsies, 156 patients]

Histologic Combination with
lesion Frequency epithelioid cell Ratio
granuloma

F E E/F
Normal 39 % 13 2.5 &
Colitis simplex 26 % 2 % 8 3
Local colitis 12 % 13 8 %
Crypt abscess 8 % 2 3% 25 %
Erosion or ulcer 15 % 6 3 40 2
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Table 2. Number of granulomas in percent found in different
inflammatory lesions of the colonic mucosa in
Crohn's disease [152 biopsies, 79 patients]

Histologic Frequency Combination with Ratio
lesion epithelioid cell
granuloma

F E E/F
Normal 12 % $ 17 %
Colitis simplex 19 % 13 5 %
Local colitis 18 % 1% 6 3
Crypt abscess 5 % 2 % 40 %
Erosion or ulcer 46 % 7 % 15 %

In contrast, we did not find any correlation in the num-
ber or in the size of epithelioid cell granulomas within
these categories [Table 3]. The mean value of the number of
granulomas was about 0.9 per mm3 of tissue, and the size of
the granulomas was about 130p , regardless of the type of
histologic lesions present. In addition no correlation be-
tween these two parameters and the site of biopsy was found.
In patients with a longer history of Crohn's disease the gra-
nulomata were larger than in those with a short history.

Table 3. Number and size of epithelioid cell granulomas com-
pared with the type of histologic lesion

Histologic Number of Number of Size of granu-
lesion biopsies granulomas lomas in
per cubic mm microns
tissue
Stroma infiltration
none 10 0.64+0.44 132437
grade 1 20 1.20+1.14 129+28
grade 2 20 0.79+0.78 138+67
grade 3 25 0.96+1.14 128+41
Local colitis
absent 50 0.91+1.09 128+38
present 25 0.98+0.77 138+59
Crypt abscess
absent 38 1.00+1.12 130+54
present 37 0.86+0.84 133435
Erosion
absent 55 0.93+0.96 126432
present 20 0.95+1.10 148+69
Ulcer
absent 39 0.94+1.04 133453

present 36 0.93%0.95 130+38
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DISCUSSION

Serial sections of our material reveal many intermediate
stages of granuloma formation. We propose the following hypo-
thesis concerning the sequence of events occurring during the
development of the granuloma based on these different stages
of the histologic 1lesions with which they are associated
[Fig. 1].

The inflammatory process starts with a spotty non ulcer-
ative inflammation. At this point it is characterized by a
pericryptal accumulation of plasma cells and 1leucocytes.
Next, the leucocytes migrate into the crypts, forming crypt-

Figure 1. Development of the mucosal epithelioid cell granu-
loma.

1. Pericryptal inflammation with some migrating leucocytes.

2. Destruction of the crypt epithelium and development of a
crypt abscess; formation of some large histiocytes.

3. Transformation of histiocytes into epithelioid cells; in
the centre of the 1lesion some leucocytes of the crypt
abscess are still visible.

4. Complete epithelioid cell granuloma in the place of the
destroyed crypt area.
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abscesses and simultaneously, the epithelial cells of the
crypts are destroyed. During this stage 1large histiocytes
appear in area surrounding the destroyed crypt; these histio-
cytes are subsequently transformed into epithelioid cells
while the leucocytes in the crypt lumen are still visible. In
the last stage only a epithelioid cell granuloma remains in
what was once the crypt area. The stages are diagrammed.

The mucosal damage apparently depends on the extent of
cryptal alterations. If the crypt damage extends only to the
bottom of the crypt, a crypt abscess and, later, an epithe-
lioid cell granuloma are produced. If the damage is localized
to the upper part of the crypt, tiny superficial erosions are
produced. Damage to the whole crypt produces a microscopical
fissure-like ulcer. Whereas if the damage involves several
neighbouring crypts, an aphthous ulcer is produced.

CONCLUSIONS
Our investigations lead to the following conclusions:

1. The development of a mucosal epithelioid cell granuloma
seems to have the following sequence: local colitis-crypt
abscess- destruction of the crypt with proliferation of

enlarged histiocytes - transformation of histiocytes to
epithelioid cells and Langhans cells - epithelioid cell
granuloma.

2. According to the extent of the crypt destruction, crypt
abscesses or epithelioid cell granulomas in the deeper
layer of the mucosa, tiny erosions at the cryptal mouth,
small fissure-like erosions or aphthous ulcers arise.
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GRANULOMA, ARTERITIS AND INFLAMMATORY CELL COUNTS IN CROHN'S
DISEASE

H. THOMPSON and R.S. BONSER

INTRODUCTION
This study assesses the significance of granuloma, ar-
teritis and inflammatory cell population counts in the diag-

nosis of Crohn's disease.

MATERIAL AND METHODS

306 resected specimen from Leeds [128] and Birmingham
[178] Crohn's series were studied for the incidence of granu-
loma and arteritis. The incidence of granulomata was also
assessed in a series of 194 rectal biopsies studied during
the last 5 years.

Cell counts were performed on rectal biopsies from 25
patients with Crohn's disease [CD], 25 patients with ulcer-
ative colitis [UC] and 10 normal controls (1). Clinical pro-
gress of the patients was assessed independently.

A minimum of 10 blocks were examined from each resected
specimen. Multiple step sections were studied from each
rectal biopsy. Taylor's blue metachromatic staining tech-
nique (2) was used for identification of mast cells. Cell
counts were carried out under high power with a graticule and
registered on a laboratory calculator. Point counting tech-
nique was applied at lower magrnification. Mathematical con-
versions were carried out with a stage micrometer and a cal-
culator.

RESULTS

Granulomata

Epithelioid cell follicles with Langhan's giant cells
were identified in 62.6% of all resected specimens. They
occurred in all layers of the bowel wall and were distributed
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along the lines of lymphatic channels and blood vessels. Gra-
nulomata were found in adjacent lymph nodes in 29.5% of ca-
ses.

The incidence of granulomata in a series of 194 rectal
biopsies from patients with CD during the last 5 years has
been 27.3%. Granulomata have also been encountered 1in
perianal biopsies, gastric biopsies, jejunal biopsies, appen-
dices and rarely liver and abdominal skin.

Aphthous ulceration can be an early feature of CD and
biopsy of these small ulcers frequently shows granulomata in
their base. Aphthous ulceration is reversible and has been
described in other disorders.

No relationship has so far been discovered between the
presence of granulomata and the clinical course of the dis-
ease in this series.

Granulomata can occur occasionally in diverticular dis-
ease, as a sarcoid response to colorectal cancer and as a
poorly developed reaction in UC representing a foreign body
reaction.

Arteritis

The indicence of arteritis in the combined Leeds-Birming-
ham series of 306 patients was 9.5%. The incidence in the
Birmingham series of 178 cases, which was more intensively
studied was, 11.8%. The incidence of arteritis in the series
of 194 rectal biopsies was only 1.5%. Vascular inflammation
associated with CD can be of necrotising type with fibrinoid
necrosis, as well as the granulomatous, eosinophilic or non
specific inflammatory type. It can involve vessels of all
sizes ranging from muscular arteries to arterioles and it can

also involve veins. Mesenteric vessels occasionally show
arteritis. Ischaemic necrosis secondary to arteritis is
uncommon.

Rectal biopsy cell counts

The results of rectal biopsy cell counts are shown in
tables 1 and 2; as expected these cell counts show an in-
creased cell population in inflammatory bowel disease. The
differential counts have no obvious diagnostic value although
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the presence of neutrophils and eosinophils confirms that an

inflammatory response is present.

*
Table 1. Total cell counts in rectal biopsies

Normal[10] CD[25] Uuc [25]
Lamina propria 4867 6540 5778
Submucosa 1040 1920 2987

* mean total cell counts/mm2

Table 2. Differential cell counts as expected as mean % of
total cell counts

Mucosa Submucosa
Normal CD uc Normal CD uc
Lymphocytes 15.8 34.4 38.2 0. 21.4 35.8
Plasma cells 2.7 7.3 9.8 0. 7.0 3.1
Neutrophils 0. 0.1 2.9 0. 0. 0.4
Eosinophils 0.9 3.9 3.9 0. 4.8 2.7
Spindle cells 13.6 6.9 3.0 43.6 19.8 24.1
Macrophages 67.0 47.4 42.2 56.4 47.0 33.9

Mast cell counts determined by metachromatic staining

technique is shown in tables 3 and 4.

Table 3. Mast cell counts per mm2 in the rectal mucosa

Mean Range SD
Normal 33 8 - 87 26
Crohn's disease 36 1 - 126 34

Table 4. Mast cell counts per mm2 in the muscularis mucosa
and the submucosa

Mean Range SD
Normal 100 43 - 259 65
Crohn's disease 134 46 - 257 61

On the basis of these mast cell counts the following
conclusions were made:
1] The highest concentration of mast cells occurs in the
muscularis mucosa and submucosa; 2] Cell counts of mast cells
in the muscularis mucosa and submucosa are more constant and
reliable than* in the mucosa; 3] No significant differences
were identified in the mast cell population of CD patients
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compared to normal controls; 4] Mast cell counts are of no
value in the determination of disease activity. Because me-
tachromatic staining techniques do not identify degranulated
mast cells it remains possible that the mast cell population
is increased in CD in spite of these results. Dvorak (3)
claims that degranulated mast cells can be recognized in
electron microscope studies and that mast cells are increased

in number in regional ileitis.
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B10 Summary of Discussions relating to topics B7 to B9

Strober:

Schmitz-
Moormann:

Asquith:

Chambers:

I think it is important to decide whether in
CD an etiologic agent, such as a virus, is causing
death of epithelial cells and the immune system is
reacting in a very complex fashion to that cell
death, or alternatively, whether the etiologic
agent 1is affecting primarily the immune system
which 1is then "fooled" into killing epithelial
cells. If the latter mechanism is correct, the
epithelial injury is a secondary effect, and what
is really important is the effect on the immune
system, the 1lymphoid cells and the macrophages. 1
don't think that morphologic studies have answered
this question, and I do not think that they are
intrinsically able to.

If it is correct that focal colitis occurs first
then you can conclude that the infiltration des-
troyed the epithelial cells. This could mean that
epithelial cells undergo an alteration that makes
them vulnerable.

I would be cautious about over-interpreting the
varied incidence of granuloma in different parts of
the gut. Immunocompetent cells in the small and
large intestine will react differently whatever the
challenging antigen, and if the immunocompetent
cells are different in those two sites, then the
incidence of granulomas would indeed be different.

I hoped the paper explained clearly why we
thought length of history was the major cause of
the regional variation in granuloma content in CD.
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For instance, there were more granulomas in the
ileum in ileocolitis than when the ileum alone was
involved.

Booth: At the first International Workshop on Crohn's
disease [1975] Thompson presented a paper on the
occurrence of granulomas in bypassed segments of
colon, and showed that there were reasonable num-
bers of granulomata in those bypassed segments and
many years afterwards in very late CD. Does Thomp-
son's data conflicts with the St. Mark's study.

Thompson: We did find granulomata in the by-passed colon
and rectum many years after the operation. On the
other hand, the disease frequently dies down in the
small intestine in the bypass situation as compared
to the large intestine, and it has been noted that
you can reduce the severity of the disease by res-
ting small bowel. So there does seem to be differ-
ent behaviour in the two regions. The aphthous
ulcers found in early CD are of great interest
because they are reversible and granulomata occur
in the base. The lymphatic network in the gut wall
is certainly involved because you see granulomata
along the lines of the lymphatics. With regard to
the bypassed colon and rectum the findings suggest
that the antigen is still reaching rectal mucosa,
or, alternatively, we are dealing with a persistent

antigen in the mucosa.

Jeejeebhoy: Could Chambers' result be explained on the basis
that patients who have had a more complicated
course of disease are more likely to be on steroids

or immunosuppressive agents?

Chambers: There is a small reduction in the number of
granulomas in patients who are on steroids, but it
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Farmer:

Chambers:

Burnham:

Chambers:

is not significant statistically.

In all the series, only between 25 and 50 per-
cent of the specimens show granulomas, depending on
whether mucosal biopsies or resected specimens are
examined. If this implies that granulomas are pre-
sent early in the disease, and if granulomas are
more often associated with a good prognosis, this
seems to be a dichotomy. We found that granulomas
did not have prognostic significance.

There were about twice as many granulomas in
patients who had a good prognosis. However, that is
a small difference compared to the difference in

granulomas in different regions.

Chambers suggested that the presence of granu-
lomas indicated persistence of the etiological a-
gent, and that as time went on this was eliminated,
and the granulomas disappear. Is it not surprising
therefore, that granulomas appear to have some
protective effect against subsequent recurrence
rather than the other way around? And does not this
suggest that the absence of granulomas indicates
the etiological agent is persisting?

We are totally ignorant about the variables that
affects CD. Perhaps granuloma indicate a good prog-
nosis because macrophages are immobile, they don't
spread so far, and hence the disease 1is not so

severe.
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B-CELL SYSTEM AND CROHN'S DISEASE

C.J.L.M. MEIJER, P.C.M. ROSEKRANS and J. LINDEMAN

INTRODUCTION

Several reports have indicated a possible role for immu-
nological mechanisms in the pathogenesis of Crohn's disease
(1-5). For this reason it is important to analyse the cellu-
lar infiltrate in the bowel wall of patients with Crohn's
disease, as this may give a clue to the type of immunological
reaction involved. Literature data about the nature of the
lymphoid cells in the bowel wall of Crohn's disease are in-
conclusive. The presence of T-cells especially in the deeper
layers of the bowel wall has been stressed (6,7). This is
surprising since throughout the bowel wall many lymphoid
aggregates often characterized by germinal centres, can be
found, structures known to contain B-cells in lymph nodes,
spleen and rheumatoid synovium (8,9).

In this study we have analysed the cellular infiltrates
in the bowel wall of patients with Crohn's disease for the
presence of B-and Fc-receptor bearing lymphocytes with immu-
nological and histochemical techniques. To identify the B-
lymphocytes, we use three reliable independent markers: the
presence of surface immunoglobulins [sIg], the presence of
receptors for the activated third complement component, and
the presence of membrane-bound 5-nucleotidase. We have also
analyzed the population of Ig-containing cells in the bowel
wall with respect to the proportion of cells belonging to
each of the main Ig classes and the histological appearance
of the draining regional lymph nodes. Our results indicate
that in Crohn's disease the inflammatory process is composed
predominantly of B-cells.

MATERIAL AND METHODS
Pieces of tissue from the affected and unaffected ilec-



88

tomy and/or colectomy specimens of 10 patients with Crohn's
disease and of the regional lymph nodes were either 1] snap
frozen in liquid nitrogen for demonstration of surface immu-
noglobulins, membrane receptors and hydrolytic enzymes, 2]
fixed in a sublimate formaldehyde mixture for studying the Ig
containing cells or 3] fixed in buffered formaline for rou-
tine diagnostic purposes.

The diagnosis of Crohn's disease was based on criteria
given by Korelitz et al. (10) for surgical specimens and on
criteria described by Morson (11) and Whitehead (12) for mu-
cosal biopsies.

As reference material for the immunological and histo-
chemical studies unaffected ileum and colon segments of 4 bo-
wel specimens removed for primary adeno-carcinoma were used.
As reference material for the Ig-containing cells, 4 colec-
tomy specimens from patients with ulcerative colitis were
used.

The cells bearing receptors for the Fc portion of IgG
[Fcy receptor] and for the activated third complement comp-
onent [C3 receptors] were demonstrated by the red cell over-
layer—-technique using sheep erythrocytes coated with rabbit
IgG antibody [EA-IgG] and sheep erythrocytes coated with IgM
antibody and mouse complement [EAC] respectively as described
earlier (9,13,14). Sections overlayered by uncoated sheep
erythrocytes or sheep erythrocytes coated by rabbit IgM anti-
body served as controls. Lymphocytes bearing surface IgA,
IgG, IgM or IgD were demonstrated with the direct or indirect
immunofluorescence technique as described earlier (13). Lym-
phocytes bearing surface membrane bound 5-nucleotidase were
demonstrated by the method of Muller-Hermelink (15).

Alpha-naphtylacetate esterase and acid phosphatase were
used as markers for mononuclear phagocytes. Demonstration of
immunoglobulin-containing cells was done by the indirect
immunoperoxidase technique (16). The number of Ig-containing
cells in the lamina propria of three representative parts of
a bowel specimen was counted per stretched mm muscularis
mucosae (17). This corresponds to a mucosal unit of 1 mm
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width and 4 um thick. Next the mean number of Ig containing

cells per specimen was calculated.

RESULTS

The histological characteristics of the bowel of patients
studied and the draining lymph nodes were typical of Crohn's
disease.

The results of the membrane marker characteristics are
shown in table 1. Most of the infiltrating cells were orga-
nized into follicular structures and nearly all of these
cells showed diffuse ring labelling as did many of the lym-
phocytes scattered throughout the bowel wall. Most of the
lymphocytes bore sIgM often associated with sIgD. sIgA-bear-
ing 1lymphocytes were found in small numbers. sIgG-bearing
lymphocytes were extremely rare. Small zones of 1lymphocytes,
localized around the follicular structure in the submucosa,
muscularis or serosa often lacked staining for sIg. The pat-
tern of cells showing EAC adherence resembled that of sIg
bearing cells. Lymphoid follicular infiltrates showed clear

Table 1. Membrane characteristics of intestinal infiltrates
in Crohn's disease

sIg EAC

Lamina propria

mononuclear cells
- diffuse + and - + and -
- follicular ++/sometimes - ++/sometimes -

Submucosa

mononuclear cells

- diffuse - -

- follicular ++ ++

- perifollicular - /sometimes + - /sometimes +

Muscularis + serosa

mononuclear cells

- diffuse - -

- follicular ++/sometimes ++/sometimes -
- perifollicular + and - + and -

|

- to ++ represent various degrees of membrane fluorescence or
red cell adherence.
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EAC adherence, but the margin of these infiltrates often did
not show EAC adherence. Interesting was the finding that
lymphoid cells surrounding epithelioid cell granulomas often
showed both EAC adherence and sIg whereas the epithelioid
cells showed weak EAC adherence and were negative for sIg.

5-nucleotidase staining was found in germinal centers and
in most follicular infiltrates. This staining pattern corre-
sponded roughly to the pattern of lymphocytes bearing sIg or
C3 receptors.

EA-IgG adherence in tissue sections of the bowel wall
often showed background adherence on collagen and vascular
lumina in submucosa and serosa. Therefore no reliable EA-IgG
adherence could be obtained on diffusely infiltrated cells in
the bowel wall. Clear adherence was seen on the epithelioid
cells in the granulomas.

Cells in the lamina propria, at the base of ulcers or
within granulomas were stained positive for acid phosphatase
and alpha-naphtylacetate esterase indicating the presence of
histiocytes at these locations. It appeared that the number
of histocytes in the lamina propria in patients with Crohn's
disease was increased as compared to control patients and
patients with ulcerative colitis.

The number of Ig-containing cells in the colon is indica-
ted in table 2. These data suggest a relation between the
activity of the inflammation in the bowel wall and the number
of IgA and IgG-containing cells in inflammatory bowel dis-
ease. The presence of IgG-containing cells was mainly found
in the basal layers of the lamina propria. However, in con-
trast to the colectomy specimens from the control patients
and from the patients with ulcerative colitis, colectomy
specimens from patients with Crohn's disease showed a strong
increase in the number of IgM-containing cells. This was
found in quiescent as well as in actively inflamed parts of
the bowel wall.
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Table 2. Number of immunoglobulin-containing cells per mm
stretched muscularis mucosae in colectomy specimens
[mean + SD]

IgA IgM IgG
Crohn's disease[n=6]
removed for toxic
colon [active phase] 217 + 31 95 + 25 166 + 44

Ulcerative colitis[n=4]

[removed in relatively

quiescent phase of the 139 + 25 20 + 15 99 + 38
disease for strong atypia

and/or carcinoma]

Control group[n=4] 88 + 15 9 12

"+
~
1+
e ]

DISCUSSION

The present study demonstrates that the 1lymphoid cells
in the bowel wall are mainly localized in follicular aggre-
gates. Furthermore, B-cells, characterized by the presence
of slig, C3 receptors and membrane bound 5-nucleotidase and
the absence of acid phosphatase and alpha-naphtylacetate es-
terase were the predominant type of cells in the intestinal
infiltrates. However, the B-cells were often found in close
relation with smaller numbers of non B-cells, presumably
T-cells, which were localized in small perifollicular zones.

Although it can not be excluded that a secondary reaction
of the damaged bowel wall may be the cause of the hyperplasia
of the B-cell areas in the lymph nodes, the limited degree of
follicular hyperplasia in regional lymph nodes from patients
with extensive ulcerations complicating diverticulitis does
not support that possibility. From all these observations it
is concluded that the inflammatory process in Crohn's disease
is dominated by stimulation of the B-cell system.

It is now known that the B-cell system undergoes regula-
tory influences of the T-cell system (18). How this regula-
tion takes place at tissue level is unknown. The presence of
small numbers of non B-cells localized scattered throughout
the bowel wall and perifollicularly, possibly existing mainly
of T-cells, may indicate that these cells have a modulating
influence on the B-cell system.

Although the finding of large numbers of T-cells espec-
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ially in the deeper layers of the bowel wall by Strickland et
al. (7) and Meuwissen et al. (6) from methodological point of
view do rise some questions, even the presence of small num-
bers of T-cells indicates the involvement of the T-cell sys-
tem. However, we believe that based upon the findings of
these authors the role of the T-cell system in the pathoge-
nesis of Crohn's disease has been overemphasized in the past.

Also the increase of the total number of plasma cells,
the end stage of the differentiation of the B-cells, in the
intestinal infiltrate supports the view that the inflammatory
process in Crohn's disease is dominated by a B-cell response,
probably modulated by non-B, mainly T-cells. In addition it
is remarkable that also in the colectomy specimens the fin-
dings of Rosekrans et al. (17), that the number of IgM-con-
taining cells in the lamina propria is increased, could be
confirmed. Probably in the future this finding may be of
diagnostic help in the differential diagnosis between Crohn's
disease and ulcerative colitis.
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IMMUNOGLOBULIN~-CONTAINING CELLS IN COLONIC AND RECTAL MUCOSA
IN CROHN'S DISEASE

P.C.M. ROSEKRANS, C.J.L.M. MEIJER and J. LINDEMAN

INTRODUCTION

The large number of plasma cells and lymphocytes in the
lamina propria of the 1large bowel mucosa in patients with
Crohn's disease suggests that an immunological mechanism
plays a role in the pathogenesis of this disease. Earlier
studies on immunoglobulin-containing cells in Crohn's disease
were performed with immunofluorescence techniques (1,2,3).
Skinner and Whitehead (2) and Baklien and Brandtzaeg (3)
showed that in Crohn's disease of the colon the increase was
greatest for IgG and IgM. O'Donoghue and Kumar (4) found in
ulcerative colitis and Crohn's disease a marked increase in
IgE-containing cells in rectal mucosa.

The purpose of the present work was to determine the
number of immunoglobulin-containing cells in colonic mucosa
of patients with Crohn's disease [CD] and to compare these
numbers with those found in patients with ulcerative colitis
[UC] and in patients without any sign of colitis.

MATERIALS AND METHODS
Three groups of patients were studied:

-Ten patients with ulcerative colitis [average age, 37]. The
diagnosis was based on the presence of typical clinical,
radiological, endoscopical and histological findings (5). All
patients had a severe inflamed mucosa in sigmoid and rectum.
-Ten patients with Crohn's disease of the colon [average age
34]. The diagnosis was based on the presence of clinical,
radiological, endoscopical and histological findings (6).
Because of the segmental involvement of the colon in Crohn's
disease, in a number of cases there were only minor signs of
inflammation in the distal part of the colon. In seven pa-
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tients we compared the biopsy findings from the rectum and
sigmoid with areas of more active inflammation in the trans-
verse or descending colon.

-Ten patients without any sign of colitis in which a colono-
scopy was done because of a single polyp or the irritable
colon syndrome [control group, average age, 35].

In every patient at least two biopsy specimens were ob-
tained during endoscopical examination, one biopsy from the
sigmoid and another from the rectum. The biopsy specimens
were fixed in a sublimate formaldehyde mixture, and embedded
in paraplast. Tissue sections were cut 4, m thick, perpendi-
cular to the luminal surface. Using the indirect immunoper-
oxidase staining technique, the sections were specifically
stained for IgA, IgG, IgM and IgE. The specificity of the
antisera and control staining procedures have already been
reported (7). From the IgA, IgG, IgM and IgE stained sections
the lamina propria area was measured per millimetre mucosal
length. We counted the immunoglobulin-containing cells in
three consecutive sections per millimeter mucosal 1length,
that is in a "mucosal tissue unit" defined as a block of tis-
sue, 4 pm thick and 1 mm width, from the surface epithelium
to the muscularis mucosae (8).

RESULTS

In controls: IgA-containing cells were predominant while
those containing IgG and IgM were in a small minority.

In patients with Crohn's disease the most important immu-
noglobulin-containing cell class was IgA. The number of the
IgM-containing cells per millimeter mucosal length was signi-
ficantly increased compared with the control group and the
patients with ulcerative colitis [Fig.l, 2a and 2b]

The number of IgG-containing cells varied with the degree
of colonic inflammation. In seven of the ten patients with
Crohn's disease we found in actively inflamed mucosa of the
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Figure 1. Number of IgM-containing cells per millimetre mu-
cosal 1length in rectal mucosa in 10 controls, 10
patients with ©UC and 10 patients with CD

transverse or descending part of the colon the same high
number of IgG-containing cells as in active ulcerative coli-
tis. The number of IgM-containing cells per millimeter muco-
sal length was increased, independing on the degree of acti-
vity of the inflammation [Table 1].
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Figure 2a. IgM staining of Figure 2b. IgM staining of rec-
rectal biopsy in tal biopsy in pa-
patient with UC tient with CD
[x120] [x120]

In patients with ulcerative colitis the IgG-containing
cells formed an important proportion of the lamina propria
cellular infiltrate, but the IgA-containing cells remained
the major cell class. The degree of activity of inflammation
seemed to correlate with the number of IgG-containing cells
per millimetre mucosal length. The number of IgM-containing
cells was almost the same as in the control group [Table 1].
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Table 1. Number of IgA, IgG and IgM-containing cells per
millimeter mucosal length in biopsy specimens [mean]

IgA IgG IgM

Rectum Controls 88 14 8
uc 173 118 15
CD 154 46 73

Sigmoid Controls 81 12 7
uc 164 97 15
CD 161 36 68

Transverse

or descending CD 181 105 59

colon [active inflammation]

The number of IgE-containing cells in the rectal and
sigmoid colonic mucosa were very low in the three patient

groups we studied.

DISCUSSION

Most previous studies about immunoglobulin-containing
cells in Crohn's disease have been performed with immunofluo-
rescence techniques. Because of the impermanence of the fro-
zen sections and the limited possibilities for screening of
these sections, quantitative studies are relatively difficult
to perform with immunofluorescence staining. The immunoper-
oxidase staining technique has the advantage of the histolo-
gical detail and the permanence of the section.

In Crohn's disease and ulcerative colitis we found, com-
pared with controls, a marked absolute increase in immunoglo-
bulin-containing cells, associated with a relative decrease
of IgA-containing cells. The number of IgG-containing cells
is increased and seemed to correlate with the degree of ac-
tive inflammation of the bowel wall. In our opinion, the lo-
cal increase of IgG-containing cells is a secondary reaction
to mucosal destruction and the penetration of antigens or
mitogens from the gut lumen. The number of IgM-containing
cells was significantly increased in both quiescent and ac-
tive parts of the colonic mucosa in Crohn's disease, as com-
pared with numbers of IgM-containing cells in controls and

ulcerative colitis specimens. Also, in colectomy specimens of
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patients with Crohn's disease (6) the number of IgM-contain-

ing cells is increased as compared to those of patients with

ulcerative colitis. Therefore we believe that the increase of

IgM-containing cells in patients with Crohn's disease may be

of diagnostic help to differentiate the histology of inflam-

matory bowel disease.
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B13 Summary of Discussions relating to topics Bll to Bl2

Strober:

Meijer:

Strober:

Das:

Rosekrans:

Meijer:

Fielding:

Meijer:

I wonder if Meijer characterized cells in early
lesions, namely the small collections of lymphoid
cells around crypts.

These infiltrates are always B-cells, especi-
ally in the upper lamina propria, which bear most-
ly surface IgM and Fc receptors.

There have been some reports of reduced immuno-
globulin-containing cells in areas adjacent to
lesions. Could that be confirmed?

I could not confirm that.

There was an increase in the IgG-containing
cells adjacent to lesions.

You must distinguish between surface membrane
immunologlobulins on lymphocytes, and IgG-contain-
ing cells. IgG-containing cells are probably se-
condary, because they are found only in active
disease.

Do these studies make it possible to differ-
entiate between CD and UC where other methods have
failed?

So far I only have studied one example of UC.
However, there were increased B-cells, so I do not
think that the B-cell response is specific for CD.
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Meijer:
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Meijer has emphasized that the B-cell line is
increased in CD and in UC. We showed a few years
ago in CD that T-cells were not present in folli-
cular infiltrates, but in the transmural infil-
trate. We found a very heavy, scattered increase
of T lymphocytes. I think that we are looking at a
reaction of both T and B lymphocytes.

In the follicular infiltrates we found B-cells
in the center while the perifollicular areas were
negative, and we think that these were T-cells
forming a reaction border to the follicular
B-cells.

Van Tongeren: Did you find any differences during treatment

Rosekrans:

Jewell:

Shorter:

or during follow-up in the number or distribution
of lymphocytes with IgM, IgA, or IgG on the cell
surface?

We have followed some patients after treatment,
and the total number of immunoglobulin-containing
cells decreased after treatment. In some patients
from both UC and CD groups the infiltrates became
almost normal after local treatment.

We have done studies with highly specific
T-cell antisera, and the result are very similar
to Meuwissen. There was an overall increase of
both T- and B-cells and there also seemed to be an

increased number of null cells.

Did the two speakers examined surgical speci-
mens that showed analogous chronic inflammation,
for example in 1long-standing chronic diverticu-
litis, rather than just so-called normals?
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Rosekrans:

Elson:

Meijer:

We have seen two specimens from patients with
diverticulitis and we found increased 1IgG-con-
taining cells in the inflamed mucosa. Other areas

were normal.

Did you verify your techniques with purified B
cells or T-cells from peripheral blood?

The C3 receptor technique detects at the most
about 3 percent of T cells and a small proportion
of what we think is a non-T, non-B population.
Furthermore, we used four different markers inclu-
ding 5-nucleotidase with which many of the folli-
cular infiltrates were positive, adenosine tri-
phosphatase, C3 receptors, and surface membrane
immunoglobulins. It is hard to believe that all of
these markers were wrong.
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TISSUE MAST CELLS IN CROHN'S DISEASE AND ULCERATIVE COLITIS
K. MATSUEDA, J.J. RIMPILA, H.E. FORD, B. LEVIN and S.C. KRAFT

INTRODUCTION

The possible role of mast cells in mediating the tissue
lesions of Crohn's disease [CD] and ulcerative colitis [UC]
has been considered by numerous investigators over the last
two decades (1-12). That view is fostered by more recent
knowledge of the cell biology of the mast cell, e.g., obser-
vations that a] its surface contains receptors having a high
affinity for the Fc portion of IgE, b] the interaction of the
Fab portion of the bound IgE with certain multivalent anti-
gens triggers mast-cell degranulation, and c¢] the resulting
release of chemical mediators directly influences immediate
hypersensitivity, tissue repair, and adjacent cellular ele-
ments.

The purposes of this study were to quantify mast cells in
the different layers of the intestinal wall in inflammatory
bowel disease and control surgical specimens, and to compare
the distribution of mast cells and immunoglobulin-containing
lymphoid cells, with special reference to IgE cells.

PROCEDURE

We studied 20 specimens from patients with Crohn's dis-
ease [1l1 ileum; 9 colon], 7 colons involved with chronic
ulcerative colitis, and 19 normal [uninvolved segment resec-
ted for neoplasm] or inflamed [e.g., ischemia, diverticuli-
tis] control tissues [8 ileum; 11 colon]. The tissues were
freshly frozen in liquid nitrogen, stored at —196°C, and cut
transmurally at a thickness of 4-6u in a cryostat at -30%c.
Coded serial sections were either stained for immunoglobulin
heavy chains using the direct fluorescent antibody technique,
or for mast cells using the polychrome methylene blue stain
[Unna's method]. For each stained slide, at least 10 differ-
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ent high-power fields of the lamina propria were photograped;
for mast cells, the submucosa and muscularis propria were
similarly photographed. Cell density indices were calculated
as the number of cells per mm2 of tissue, using a planimetric
modifcation of the method described by Gelzayd et al. (13).
Differences between groups were analyzed by the Student's
t-test.

RESULTS

Mast cells were identified most prominently in the submu-
cosa where they often were located near the muscularis mucosa
and about blood vessels, frequently in close proximity to
plasma cells and lymphocytes. In the colonic lamina propria
[Table 1], only the mean mast-cell index in Crohn's disease
was significantly decreased in comparison to the normal con-
trols [p<0.02]. No striking differences were noted between
six of these patients who were receiving corticosteroids at
the time of surgery and three who were not. The lamina pro-
prial mast-cell counts in ulcerative colitis also tended to
be reduced, but varied more. In the submucosa and muscularis
propria, on the other hand, there was a trend towards higher
mean mast-cell indices in both disorders.

Table 1. Quantitation of mast cells in the colon

Tissue No. Lamina Submucosa Muscularis
propria propria
Normal control 7 60.0 + 33.0* 68.2 + 21.9 20.2 + 30.0
Inflamed control 4 48.0 + 16.4 74.5 + 8.9 16.4 + 17.8
Crohn's disease 9 30.6 + 6.7 77.8 + 28.9 41.3 + 35.2
Ulcerative colitis 7 32.0 + 16.7 92.7 + 62.9 30.3 + 15.8

* Mean cell density index per mm~ + 1 standard deviation.

In the ileum [Table 2], mast-cell numbers did not differ
significantly among the three groups of subjects, although
there was a trend towards more mast cells in the muscularis
propria in the presence of inflammation of any etiology.

Immunoglobulin-containing lymphoid cells of each isotype
were prominent in the lamina propria of the inflamed colon in
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both Crohn's disease and ulcerative colitis, and in ileal
Crohn's disease. In addition, these cells occasionally were

Table 2. Quantitation of mast cells in the ileum

Tissue No. Lamina Submucosa Muscularis
propria propria
Normal control 6  67.7 + 26.0° 113.9 + 67.3 43.8 + 30.7
Inflamed control 2 42.6 + 11.9 51.8 + 3.2 65.4 + 6.4
Crohn's disease 11 47.4 + 21.5 117.7 + 8.3 62.1 + 47.3

* Mean cell density index per mm2 + 1 standard deviation.
identified in the deeper bowel layers, especially in the pre-
sence of inflammation. Statistical analyses failed to demon-
strate significant differences in this phase of the study.
Interestingly, in the colonic lamina propria of individual
patients with Crohn's disease, somewhat increased numbers of
IgE cells often appeared to correlate with the reduced num-
bers of mast cells observed at this site.

DISCUSSION

When other workers (1,3-7) have counted or otherwise
graded mast cells in inflamed tissues obtained from patients
with either CD or UC, mast cells generally have been more
prevalent than in normal control tissues. Although the report
by Lloyd et al. (8) described an almost total absence of
stainable mast cells in affected areas of the bowel in CD,
they suggested that this was due to degranulation of these
cells, leading to the 1loss of their recognition on 1light
microscopy. They pointed out that the electron microscopic
study of Ranlov et al. (6) had shown many degranulated mast
cells in the inflammatory lesions of CD, a phenomenon sub-
sequently emphasized by Dvorak et al. (11).

Numerous investigators have studied immunoglobulin-con-
taining cells in tissues from patients with IBD with varied
results (14). As regards IgE-containing cells, O'Donoghue and
Kumar (15) reported a marked increase in the number of IgE
cells in inflamed rectal biopsy specimens from patients with
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either CD or UC. Their data were consistent with an earlier
biopsy study by Heatley et al. (16) using patients with ei-
ther active or quiescent ulcerative proctitis.

CONCLUSIONS

Although we observed mast cells and IgE cells in the
inflamed tissues resected from patients with CD and UC, the
counts generally did not differ appreciably from those in
subjects with specific types of inflammation. Nevertheless,
these limited observations, coupled with those cited from the
literature, are consistent with the possibility that antigen-
induced interaction between IgE and mast cells may play a
role in the pathogenesis of the tissue reaction in inflam-
matory bowel disease.

Hypothetically, an undefined antigen may stimulate immu-
nocytes committed to IgE synthesis. Specific IgE then locali-
zes on the mast-cell membrane. When the same or a cross-re-
acting antigen comes in contact with the sensitized mast
cell, degranulation occurs and potent chemical mediators of
inflammation are released into the tissue. For example, if
proteolytic enzymes were 1liberated deep within the bowel
wall, this could conceivably contribute to the formation of
fistulas in CD. In the above situation, the mast cell would
be serving an immune-effector function. This type of reason-
ing has led some workers to initiate clinical trials of the
efficacy of various mast-cell stabilizers in patients with
idiopathic inflammatory bowel disease (12,17-20). Of course,
mast cells also may play an important role in protective
responses to local tissue injury of many sorts.
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B15 Summary of Discussions relating to topic Bl4

Lindeman: How did you differentiate between IgE plasma
cells, IgE on mast cells, and mononuclear eosino-
phils. The 1last have a strong non-specific binding
to FITC.

Kraft: We could not demonstrate IgE on the mast cells.
Eosinophils have a rather characteristic appearance
and the mast cells tend to be bigger cells.

Rosekrans: We have found a large number of IgE-containing
cells in allergic proctitis, and in our opinion
this 1is a clinical and histopathological entity
which is different from UC. In the UC group we did
not find increased IgE-containing cells.

Kraft: We too did not find significantly increased
numbers of IgE cells.

Binder: As part of a controlled study on disodiumchro-
moglycate, we did mast cell counts in patients with
active as well as inactive UC. We found that with
active disease mast cell counts showed a median
value of 35 per square millimetre while in quies-
cent patients (60 in all) the median was 70. These
values are in agreement with Kraft's results.

Kraft: Virtually any substance which leads to in-
creased accumulation of cyclic AMP in mast cells
will prevent degranulation.

Thompson: Does the trauma of surgical resection induces
mast-cell degranulation and 1leads to a reduced



Kraft:

Meijer:

Kraft:
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population of these cells?

There 1is no gquestion that trauma can cause
mast-cell degranulation, and perhaps it does make
it more difficult to show differences between
groups.

You expressed your mast cells per square milli-
metre of lamina propria. Brandtzaeg described in
1974 a "mucosal tissue unit" which is histologi-
cally comparable even with an increase in the la-
mina propria area. Is it possible that the total
number of mast cells is normal because the increase
in the area of the lamina propria was not taken

into account?

We do know that our method is quite comparable
in terms of cells per square millimetre with those
described by Lloyd in 1975, and we're not saying
that mast cells are statistically increased.
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ELECTRONMICROSCOPY IN CROHN'S DISEASE

G.N. TIJTGAT, A. VAN MINNEN and T. VERHOEVEN

INTRODUCTION

Surprisingly few EM studies have been performed on tissue
obtained from patients with Crohn's disease (1-9). The pur-
pose of this EM study was to find out whether EM could pro-
vide any clues to the etiology or pathogenesis of CD.

MATERIALS AND METHODS

Tissue specimens from 100 patients, mean age 31.6, with
active Crohn's disease were studied. Involvement of colon,
terminal ileum, rectum and stomach was present in respecti-
vely 62,22,15 and 1 patient. Multiple biopsies were obtained
in 40 patients before they ever had any medical treatment. 32
patients only received sulfasalazine, 14 sulfasalazine and
prednisone whereas the remaining patients received various
combinations of sulfasalazine at the time of biopsy.

Following regions of interest were selected for study:
giant cells 51, epithelioid collections 25, lymphoid folli-
cles 33, focal edema and tissue necrosis 24, focal crypt cell
degeneration 26, aphthoid ulcers 15, areas of chronic inflam-
mation 86, granulation tissue 17, lymphatic vessel walls 12
and normal and abnormal looking epithelial cells.

After screening 3252 1lu sections, obtained from 2159
biopsies, 330 regions of interest were selected for ultrathin

sectioning and detailed EM analysis.

RESULTS

Search for viral particles

All regions of interest were carefully studied for EM
evidence of viral structures. Nothing was seen which could be
construed confidently as viral particles. Confusing struc-

tures were occasionally seen within nuclei and in the perinu-
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clear area, the latter presumably corresponding to nuclear
pores. Furthermore confusing aggregates of tubuloreticular
structures inside the cytoplasm and microvesicular structures
inside and outside the cell contours were occasionally ob-
served, presumably representing breakdown products of cell
organelles. All these confusing images were not identified as
viral particles although they may have been called ‘'virus-
like' particles by others in the past.

Search for microorganisms

Microorganisms were observed in 13 patients. They occur-
red in variable size, shape and structure. Usually different
types of bacteria were detected within the same biopsy speci-
men, which suggested that microbial invasion was probably the
result of actual or previous epithelial disruption. Large
collections of microorganisms were usually found, along the
edges of intramural fissures. Areas of focal edema and necro-
sis in specimens, covered with an apparently intact epithe-
lial layer were characterized by a monotonous amorphous pre-
cipitate, subdivided by empty looking spaces. Careful search
in serial sections of such areas occasionally revealed a rare
microorganism. Rarely, single microorganisms were detected in
areas of fibrosis.

EM study of the epithelial and subepithelial layer

Normal and abnormal looking epithelial cell layers were
extensively investigated for evidence of intra-or interepi-
thelial presence or passage of identifiable structures. How-
ever, recognizable structures were never detected, even when
epithelial cells in close proximity to aphthoid erosions were
studied. Epithelial cells which appeared damaged, permeated
by degenerated inflammatory cells, or containing conspicuous
phagolysosomes also did not contain recognizable structures.
Microvesicular structures in the area of the microvillus lay-
ers were considered a nonspecific vesicular breakdown of the
luminal cell membrane. There was no evidence of alteration of
the tight junctions nor of the desmosomal structures [Fig.l].
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Figure 1. Epithelial cell with vesiculation of the microvil-
lus 1layer and phagolysosomes 1in the cytoplasm,
showing only degenerated organelles.

EM study of epithelial cells and giant cells

Epithelioid cell granulomas with giant cells were found
in 16 patients. All except 1 of the 53 epithelioid cell gra-
nulomas were seen in rectal or colonic biopsies. In 4 of the
16 patients, microorganisms of variable morphology were de-
tected elsewhere in the biopsy material.

Mature epithelioid cells were rather large [20-40y ] with
an eccentric nucleus and usually a prominent nucleolus. Most
conspicuous were the many characteristic membrane-lined ves-
icles, either electron-lucent, clear and debris free or con-
taining a fine granular content. The peripheral cell contours
were usually irregular, exhibiting numerous interdigated 1long
and slender filiform processes. Usually small amounts of
amorphous or granular material were detectable within the va-
cuolated honeycomb-like network, but truly identifiable
structures were never observed.

Giant cells were either of the foreign body type or of
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the Langhan's type. The overall appearance of the giant cells
was somewhat heterogenous, suggesting various phases of matu-
ration. The appearance of the cytoplasm was similar to that
of the epithelioid cells. Most conspicuous was the prescence
of a high number of vesicles, which were either empty-looking
or filled with a fine granular material. In none of the many
serially sectioned giant cells was there any recognizable
viral, microbial or parasitic structures, neither in the
giant cells which contained asteroid or Schaumann bodies

[Fig.2].

Figure 2. Lamellated concretions [left] and Schaumann body
[right] with concentric lamellations in giant cell.

Quite often fibrin strands, as suggested by 21 nm peri-
odicity, could be identified in close proximity to the giant
cell plasma membrane. Occasionally such fibrinous material
appeared to be engulfed within pinocytotic vesicles [Fig. 3].

EM study of aphthoid ulcers

Aphthoid ulcers were extensively studied in 5 untreated
patients with active CD. No evidence of viral microbial
structures could ever be detected.

EM analysis of other regions of interest

Extensive EM analysis of the other regions of interest
did not reveal relevant abnormalities nor evidence or iden-

tifiable particulate material.
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Figure 3. Fibrinous material in close proximity of giant cell
plasma membrane [upper] and perhaps engulfed within
giant cell [lower].
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DISCUSSION

Many investigators have tried to find a causal relation-
ship between a particular infective agent and CD. From our
detailed electronmicroscopic study, of a large group of CD
patients, often before they received any medical treatment,
no support could be derived for a possible viral, microbial
or parasitic etiology. Many microorganisms have been identi-
fied but this probably reflects secondary or opportunistic
infection of a damaged mucosa. Crohn's disease therefore ap-
pears to differ from many other granulomatous diseases where
there is evidence of some non-degradable particular material
inside the macrophage-epithelioid cell system. In general,
granulomas are thought to arise when macrophages cannot ade-
quately degrade ingested foreign material (10,11). Macropha-
ges apparently turn into epithelioid cells when phagocytosis
or pinocytosis leads to incomplete elimination of the par-
ticle. The persistence of particulate or antigenic material
may then result in damage of the surrounding tissues by the
release of toxic lysosomal enzymes from macrophages and epi-
thelioid cells (12-18).

Much experimental work still has to be done to find out
whether particulate or antigenic material enters the lamina
propria through a 'leaky'? epithelial layer and to find out
whether such material finally leads to the focal granuloma-
tous response in Crohn's disease.
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EARLY EPITHELIAL LESIONS IN CROHN'S DISEASE, REVEALED BY
ELECTRON MICROSCOPY

R.R. DOURMASHKIN, H. DAVIES, C. WELLS, D. SHAH, A. PRICE,
C. O'MORAIN, J. LEVI and TH.A. HALL

INTRODUCTION

Although the pathology of Crohn's disease [CD] is charac-
terized by well-defined regions of gross inflammation, it has
long been recognised that it is a widely disseminated disease
of the gut. Brooke first described "aphthoid ulcers" in the
mucosa of otherwise uninflamed intestine of CD in 1953 (1).
Morson (2) found that these lesions consisted of 1lymphoid
follicles that were involved in the granulomatous inflamma-
tion of CD with break-down and pin-point mucosal ulceration.
Recently Dvorak (3) and Rickert et al. (4) have correlated
these ulcers with their surface appearance by scanning elec-
tron microscopy, in addition pointing out the considerable
enhancement of mucous secretion and the villous fusion in
"unaffected" areas that can be observed using this technique.

A number of investigators have commented on the absence
of virus-like particles in electron microscope studies of
Cb (3,5). Without surveying the 1literature extensively we
will describe epithelial lesions in "unaffected" areas of CD
that may represent a stage earlier than that of the aphthous
ulcer, and also attempts to identify particles of microbial

origin in material from CD patients.

PROCUDURE

Fixation of tissues

Surgical specimens of bowel both from areas affected with
inflammation and from areas close to the resection margin,
were fixed by immersion without rinsing the mucosa, in either
3% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4 + 5%
sucrose, or alternatively, 3% glutaraldehyde + 1% tannic acid
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in the same buffer for two hours at room temperature. The
cut pieces of tissue were rinsed in the same cacodylate
buffer, fixed in 1% OsO4 + 0.1 M cacodylate, pH 7.4 at 4°c
for 1 hour then rinsed in distilled water, dehydrated with
acetone and propylene oxide, and embedded in Spurr resin. 1lym
sections were mounted on glass slides and stained with Tolui-
dine blue for histological examination. Ultrathin sections
of the whole block face were cut and stained with uranyl
acetate and lead citrate. Adjacent specimens were embedded
for histology in the usual way.

Rectal biopsies were collected and immersed in 3% glu-
taraldehyde fixative in a manner so as not to damage the
surface epithelium. Nearby biopsies were taken for histology
and for the specimens used in the blind trial, both the pa-
thologist and electron microscopist received the samples by
number only and had no contact with the patient at the time
of biopsy. Otherwise the preparation of 1 um and ultrathin
sections was identical to that above.

Bowel washings

Patients were prepared for surgery or colonoscopy by
perfusing 10 litres hypotonic saline perfusate [Fenning Ltd.]
via a jejunal tube. The first clear fluid was collected.
100 ml was centrifuged at 3000g for 20 min., the supernatant
centrifuged at 10,000g for 30 min. and that supernatant cen-
trifuged at 100,000g for 1 hr. The resulting pellet was care-
fully collected in distilled water and layered onto a caesium
chloride solution [1.39g/ml] in 6.5 ml swing out buckets and
centrifuged as an isopycnic equilibrium gradient at 100,000g
for 16 hrs. 13-drop fractions were collected and their den-
sity measured in an Abbe refractometer. The fractions were
concentrated and also depleted of salt by layering a drop
onto a 3 mm3 cube of 2% agar in water, then applying a parlo-
dion-carbon coated grid and allowing the fluid to diffuse
into the agar. The grids were negatively charged in 2% sodium
phosphotungstate pH 6.5 and examined in the electron micro-
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scope [EM]. Similar fractions were collected, diluted with
distilled water, pelleted at 100,000g for 1 hr, and fixed for
embedding and sectioning in the manner described above.

X-ray microanalysis

Rectal biopsies from patients with active rectal CD were
fixed and embedded for X-ray microanalysis according to the
method of Yarom (6).

RESULTS

Surgical specimens

There were two findings arising from the examination of
surgical specimens of bowel excised for CD. Firstly, there
was a characteristic lesion of the epithelium found in both
large and small bowel in tissue distant from regions of in-
flammation as well as in the inflamed region itself. The
lesion consisted of necrosis of small patches of epithelial
cells, often of one cell alone, which we have termed "patchy
necrosis" [PN]. The damage to the cells was very localised;
completely normal cells being adjacent to those that showed
damage. The density of stain of the damaged cells varied
greatly, some being very pale, whereas others were more dense
than usual. This difference in density was most noticeable in
the 1 ym sections stained for 1light microscopy. Generally
only the superficial epithelium was involved, the crypts (in
the large intestine) being free.

Secondly, in the ileum of resected bowel for CD, we found
an interesting abnormality of the microvilli. 1In regions of
patchy necrosis the microvilli often showed densely staining
buds at their tips, and sometimes along their sides. In some
areas, the buds would separate from the stems of the micro-
villi and be swept into the bowel lumen as particles. In
other areas, the budding appeared to be directly from the
epithelial cell membrane. Alkaline phosphatase staining
showed diminished enzyme in the areas of microvillous damage.

However, similar changes in microvilli were found in other
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conditions, although to a lesser extent; in addition, the
changes were observed only in the mucosa of the ileum and not
in the large intestine. For these reasons we concluded that
these were not related to virus particles. However, further
evidence in this regard will be discussed in the section on
the examination of bowel washings.

Rectal biopsies

The finding of patchy necrosis in the rectal biopsies was
identical to that observed in the surgical specimens. The
addition of tannic acid in the fixative was omitted for this
series, as occasionally the tissue did not infiltrate well

with resin. The results are presented in table 1.

Table 1. Results of the double blind study on rectal biopsies

EM diagnosis pPN? Inflam- Histological Clinical
mation diagnosis diagnosis
l.uninvolved CD 2+ - normal ileal CD + skip
b area in colon
2.0C - 4+ uc uc
3.healing UC 2+ 3+ ucC uc
4.UC 2+ 4+ uc uc
5.normal +/- - normal CD in SBC, nor-
mal rectum
6.Intestinal - - ?Spirochae- normal
spirochaetosis tosis
7.active CD 3+ 2+ ?proctitis, rectal CD
?20C, 2CD
8.uninvolved CD 1-2+ ? uc rectal CD
9.active CD 3+ 2+ CD,?resolving CD in SB
infection and colon
10.?normal or 1+ - crushed, pro- normal
?healing CD bably normal
l1l.normal or 1+ - normal normal
healing UC
12.0C - 4+ ucC uc
13.healed UC 1+ - normal CD in SB
and colon
l4.normal +/- - normal normal
15.normal;lipid - - no specimen CD in SB

inclusions in

epithelium

and colon

a] PN: "Patchy necrosis" up to 1+ was assessed as normal

b] UC: ulcerative colitis
c] SB: small bowel
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It was clear that the most consistent correlation of the
EM data in CD was the finding of greater than 1+ patchy ne-
crosis with a mild or moderate degree of inflammation in the
lamina propria [Table 2].

Table 2. Summary of the results of the double blind-study on
rectal biopsy specimen

Inflammation even or greater than PN : 4/4 UC
PN greater than inflammation : 4/4 CD

. . . : 4/7 normal
Neither PN nor inflammation : 3/7 CD

The finding of 1+ patchy necrosis [about one damaged cell
per slide] probably represents the normal process of epithe-
lial replacement. In this way UC was clearly distinguished
from CD. Three cases of CD were not diagnosed, one of which
showed widespread 1lipid inclusions in the epithelium. This
case is under further study. It is to be emphasized that most
of the observations were made from the lum sections for light
microscopy, although the illustrations of patchy necrosis are
best shown in electron micrographs. There was no correlation
of patchy necrosis with the medical therapy.

Bowel washings

Particles were observed in density gradient separation of
bowel washings, that ranged from 70 - 200nm in diameter, had
a "fuzz" around their periphery, and a dense core on section.
These particles sedimented at densities of 1.40 - 1l.44g/ml,
too dense for cytoplasmic debris. However, a few similar
particles could be observed in bowel washings from other
conditions, and so the interpretation of these particles
remained in doubt [Fig. 1].

DISCUSSION AND CONCLUSIONS
The correlation of patchy necrosis with CD in a blind
trial of rectal biopsies demonstrates the significance of
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this finding. Moreover, the presence of epithelial damage
with little or no inflammation in the adjacent lamina pro-
pria, suggest that the earliest lesion in CD is in the epi-
thelial cells. The aphthous ulcers previously described (1,2)
show considerable 1localized inflammation, and so probably

Figure 1. Particles from density gradient of bowel washings
of Crohn's disease density = 1.4 g/ml Magnifica-
tion x 150,000. Micrograph by H. Davis

represent a later stage in the disease.

In addition, the finding of patchy necrosis might be
useful in diagnosing CD. However, we have not as yet examined
other conditions, such as acute colitis.

The observation of particles in the ileal mucosa and
bowel washings must be interpreted with caution, in view of
their presence in control material.
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LIGHT- AND ELECTRONMICROSCOPICAL STUDIES ON THE DISTRIBUTION
OF VARIOUS CELL TYPES IN THE SIGMOID COLON OF NORMAL SUBJECTS
AND IN PATIENTS WITH CROHN'S DISEASE

L.A. GINSEL, HELEN P. LIEPMAN AND IRENE T. WETERMAN

INTRODUCTION

Studies on the characterization and distribution of cell
populations in normal human intestine and in the intestine of
patients with Crohn's disease [CD] are mainly based on light-
microscopical investigations. Since light-microscopical stu-
dies alone are insufficient for complete characterization and
quantification of cell populations, we studied by means of
comparative light-microscopical [LM] and electron-microscopi-
cal [EM] photomontages the distribution of cell populations
in the sigmoid colon for normal controls and for patients
with CD.

PROCEDURE

"Normal" biopsy specimens were obtained from the sigmoid
colon of five patients undergoing routine observations for
complaints such as irritable colon and unexplainable diarr-
hoea. The classification as CD [three patients] was made on
basis of LM diagnosis at the Pathological Laboratory [Univer-
sity Hospital Leiden]. Two biopsies from the sigmoid area of
the colon were obtained from each patient. The biopsy speci-
mens were divided into small blocks and fixed at 4°C for 60
minutes in 1% osmium tetroxide buffered with phosphate to pH
7.2. The fixative had a final osmolality of 320 mOsm. Dehy-
dration and embedding were performed according to standard
techniques.

About 0.75 um thick LM-sections were cut passing from
surface epithelium of the sigmoid colon, through the lamina
propria, muscularis mucosa and submucosa. The sections were
stained with toluidine blue. Ultrathin sections were cut from
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the same area and stained with uranyl acetate and with lead
hydroxide. LM- and EM-photomontages were made of two specific
areas of the lamina propria: the "upper" third below the
epithelial layer and the "lower" third above the muscularis
mucosa. The LM- and EM photo montages were examined, cells
identified and quantified in the two areas. The density of
cells [number/mm2 tissue] was calculated by inserting a
counting grid into the ocular of the lightmicroscope. Statis-
tical comparison of absolute cell numbers was made by the
Student's t-test.

Figure 1. Frequency distribution of cells as observed on LM-
and EM-photomontages [MC-macrophage, EO-eosino-
phil, FB-fibroblast, PC-plasma cell, LY-lympho-
cyte, SC-Schwann cell, BV-blood vessel, ER-ery-
throcyte, EN-endothelial cell, MK-muscle cell,
MA-mast cell, ?-unidentifiable celll.
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RESULTS

The comparative LM- and EM-photomontage study shows that
the latter give a more accurate impression of the cellular
build up of the sigmoid colon [Fig. 1], and about 10% more
cells are identifiable, i.e., lymphocytes [7%], Schwann cells
[1.5%], mast cells [1%] and muscle cells [0.5%]. Neverthe-
less, even on EM-photomontages 6.5% of the cells remain
unrecognizable.

The study of cells in two regions of the lamina propria
of the sigmoid colon, one below the epithelium and one above
the muscularis mucosa reveals that their distribution is not
random [Tables 1, 2 and 3]. The "upper" region of the lamina
propria of normal sigmoid colon had more macrophages and
eosinophils than the lower part. In the "lower" region of the
lamina propria of patients with CD and of controls the total
number of cells is unchanged [Table 1]. However, a decrease
in the number of fibroblasts and an increase of neutrophils
was found [Tables 2 and 3]. The other cell types, i.e.,
macrophages, plasma cells, 1lymphocytes, eosinophils, mast
cells, muscle cells and Schwann cells are not significantly
changed in number.

The "lower" region of the lamina propria of the patients
with CD contained significantly more cells [Table 1]. Signi-
ficantly more macrophages, plasma cells, eosinophils, and
neutrophils were found in this region [Fig. 2, Table 2]. The
number of Schwann cells was reduced [Table 3]. The other cell
types were not significantly changed.

Table 1. Total number of cells/mm2 + s.d. in the lamina pro-
pria of the sigmoid colon from normal controls and
patients with Crohn's disease

Lamina propria controls Crohn's t-test
patients

Upper 8.040 + 1080 7.620 + 1260 n.s
Lower 6.360 ¥ 1140 10.080 + 840 p<0.025
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Tables 2 and 3. Means and sfandard deviations of the number
of cells/mm® tissue from the lamina propria
of the sigmoid colon from normal controls and
patients with CD. Cell numbers were compared
with the t-test [n.s. = not significant]

Table 2.

Lamina propria MC* PC LY EO NE

Upper-controls 1800+ 570 1370+ 160 1280+280 180+ 80 0
-CD 179041030 1210+ 550 9704310 170+160 80+70
-t-test n.s. n.s. n.s. n.s. p<0.025

Lower—-controls 410+230 1130+ 420 1260+240 40+ 50 0
-CD 890+230 437041430 1160+170 420+440 140+160
-t-test p<0.025 p<0.005 n.s. p<0.05 p<0.025

Table 3.

Lamina propria FB MA MK EN scC

Upper-controls 1010+420 50+ 60 30+ 30 360+190 130+160
-CD 2904110 40+ 60 100+ 70 360+140 20+ 20
-t-test p<0.025 n.s. n.s. n.s. n.s.

Lower-controls 1200+600 140+ 80 120+ 80 280+130 260+100
-CD 950+520 120+ 140 100+ 90 2204150 30+ 20
-t-test n.s. n.s. n.s. n.s. p<0.005

* Abbreviations, see subscript fig.l. NE-Neutrophil

DISCUSSION

The study of the distribution of various cell types in
the lamina propria of the sigmoid colon of normal controls
and in patients with CD by means of LM- and EM- photomontages
indicates that the latter method improves cell recognition
and about 10% more cells are identifiable.

In our study the division of the lamina propria into
"upper" and "lower" area has confirmed the findings in previ-
ous studies (1,2) that certain cells are most 1likely to be
positioned in a particular area within the lamina propria.
Since other reports do not make the distinction between the
two areas it is only possible to compare our dquantitative
results with "observations" made in the literature (3,4,5).

All authors who view the lamina propria from the sigmoid
colon classified as "normal" report on a close collection of
macrophages just below the epithelium surrounding superficial
blood vessels and fibroblast projections. It is just under
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this region that the other cell types are found, i.e. lympho-
cytes, plasma cells, eosinophils, nerve cells, muscle cells
and mast cells. Fibroblasts are characterized by their peri-
cryptical formation, and as expected muscle cells are located
in lower regions in the proximity of the muscularis mucosa,
along with mast cells which are reported as being most abun-

dant in the submucosa.

Figure 2. Part of the "lower" 1lamina propria of a patient
with Crohn's disease. Numerous macrophages[MC],
plasma cells[PC] and eosinophils[EO] are present.
LY-lymphocyte

The results reported here are not in conflict with these,
but merely strengthen them. Macrophages and eosinophils were
found to be significantly more in the "upper" area and mast

and muscle cells in the "lower" region.
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Although we could only present some preliminary data on
the distribution of the various cell types in the sigmoid
colon of patients with CD, some characteristic differences
were noticed in comparison of the controls. Specifically in
the "lower" region of the lamina propria increased number of
macrophages, plasma cells, eosinophils and neutrophils were
found [Fig. 2]. However, an inflammatory infiltrate of plasma
cells, eosinophils and neutrophils seems not only to be cha-
racteristic of CD, since similar findings have been made 1in
patients with UC (5).

Increased numbers of macrophages in Crohn's disease were
also proven quantitatively by Korelitz and Sommers (5). Since
granulomas are predominantly found in the deeper region of
the lamina propria (6), the observed increase in the number
of macrophages specifically in this area may be related to a
function in granuloma formation, which needs further investi-

gation (7).

CONCLUSIONS

1. Investigation of the lamina propria of the sigmoid colon
from controls and patients with CD by means of EM photomon-
tages improves cell recognition.

2. The distribution of cells in the normal lamina propria of
the sigmoid colon is not random. Significantly more macro-
phages and eosinophils are found in the "upper" region of the
lamina propria, whereas more mast and muscle cells are found
in the "lower" region.

3. The "lower" region of the lamina propria of patients with
CD contained significantly more cells. It seems that there is
a specific infiltration of macrophages, plasma cells, eosini-

phils and neutrophils into this lower area.
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B19 Summary of Discussions relating to topics B16 to B18

Hermon- The membrane-coated vesicles described by Dour-

Taylor: mashkin might either be messenger RNA endogenous to
the enterocyte, which is dying and being released
into the 1lumen, or they might be some foreign
agent. One way out would be to put them into an in
vitro translation system and see what they produce.
Have such studies been done or proposed?

Dourmashkin: Our plan is first to see whether they contain
nucleic acids, and then to see if they have any
particular function.

Daems: The plasma membrane of animal cells is thicker
than the membranes of the endoplasmic reticulum and
nuclear envelope and so on. Did Dourmashkin measure
the thickness of the membrane of the particles he
found after isolation?

Dourmashkin: I think they correspond simply to the thick-
ness of the external cell membrane, but on the
other hand many virus particles such as the myxo-
virus group have external membranes identical to
the lipid layer of cell membranes. I did find a
few particles in the controls. We have not esta-
blished them to be viral agents.

de Dombal: Ginsel's data were clearly non-parametric.
There were figures of 80 + 90 and 90 + 120, and yet
I think that Student's t-test was used for the ana-
lysis. You might get better separation between
groups using non-parametric tests.
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Ginsel:

Yardley:

I think you are correct. These data were the

results of preliminary studies.

Dourmashkin, were the epithelial cells changes
limited to the surface epithelium or were they also
found in crypts? Furthermore, did the patients
receive an enema preparation before biopsy? Enemas,

can cause mucosal damage.

Dourmashkin: The patchy lesions were almost invariably in

Hermon-

Taylor:

the surface epithelium, and there was no enema
preparation. Also, there was no relationship with

medication such as Salazopyrine and steroids.

Does Dourmashkin think that those manifestly
dying enterocytes are normal cells being shed from
the apex of a villus, or could the findings be
related to parasitization with some microorganism?

Dourmashkin: The gquantitative studies make it clear that

Asquith:

Tijtgat:

this is not a normal shedding of epithelial cells.
As we showed by the blind trial, we could pick up
the cases of CD from the patchy necrosis of the
epithelial cells.

Scanning EM may be a better way of picking up
the surface changes. Mura Kami and colleagues in
Japan did scanning EM on rectal biopsies in IBD and
specific infections. They suggest that there are
differences between CD and UC [microvillus chan-
ges], but they would not say that they were unique
for IBD. They also occurred in specific gut infec-

tions.

I would urge caution about looking at the vesi-
cular break-up of microvilli since it is seen in
all sorts of diseases and in normal people, and it
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may depend on the fixative used. In fact, I think

that it is largely artifact.

Did Tijtgat and Dourmashkin look at mesenteric
lymph nodes which are the tissue being used for
studies in experimental animals, and did Tijtgat
look at the epithelial cells. Also, what does he
think of the possible viral particles described by
Dourmashkin?

I only looked at a small number of mesenteric
lymph nodes, and I didn't see anything in particu-
lar. I would agree that there is more epithelial
shedding and damage overall in CD as compared to
controls, although I never counted this specifi-
cally. I do not accept that what has been shown
has anything to do with viral particles. I think
there are many pictures in the literature of so-
called virxus-like particles which are just break-
down products of cellular components, nothing more.
I very carefully examined normal looking epithelial
cells, damaged epithelial cells, epithelial cells
close to aphthoid ulcers etc., and in none of these
areas I could find convincing pictures of viral

structures or replication.

Dourmashkin: I was of the same opinion as Tijtgat after I

had 1looked at the sections. I thought that they
represented degenerating microvilli, especially
since we found them in the controls. The thing
that surprised me was that density gradient studies
of the bowel washings showed that those particles
had a density of 1.4-1.44 g/ml. This is very dense
and could only be due to a dense material such as
nucleic acid. I don't think that you would find
such material after breakdown of cellular products.



134

Daems: I agree with those who question the signifi-
cance of these observations, and I think we should
not leave the impression that a viral origin has
been established. Nor do I believe Dourmashkin
wants to leave that impression. I have one ques-
tion: Did you try to demonstrate nucleic acids in
these vesicles?

Dourmashkin: No, we did Feulgen stains, but they weren't
sensitive enough. This has to be done in the fu-
ture, to see whether in fact they do contain nu-
cleic acid.

Daems: Don't you think that the differences in shape
and size are contrary to the assumption that these
are virus particles?

Dourmashkin: No. The particles I showed demonstrate fuzz
around their edges and they could be similar, for
example, to picorna virus in size and shape. The
variation in size was also not against a virus.
But again, I don't want to say I am making a claim
for anything. I think we can only establish this by
infectivity studies.

Booth: If we look at any faecal sample we £find vi-
ruses. What is different here is a claim by Dour-
mashkin that there is a difference between controls
and Crohn's. How many did you do?

Dourmashkin: We have four control patients and 2 with CD.
There were a few vesicles in the controls which
were not like the particles found CD.

Strober: Dourmashkin said that the areas associated with
the decaying epithelial cells were not associated
with inflammation. Did he attempt to actually quan-
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titate or look at those subjacent areas? After all,
if this is an early 1lesion then it would contain
only very small increases in lymphoid cells.

Dourmashkin: That is quite right. The fact that we did not

Das:

Daems:

Tijtgat:

see an increase in polymorphs or 1lymphocytes does
not necessarily mean that there is not an immunolo-
gical process going on.

Another technique which might be very helpful
is immuno-electronmicroscopy. It might even help in
establishing specificity, particularly using the
serum from patients with CD. We have used immuno-
fluorescent technique to study Crohn's disease in a
separate model system.

A lot has been said about macrophages being
involved in CD, and Tijtgat stated that in his
material giant cells were derived from epithelioid
cells. What data does he have for this assumption?
Giant cells may derive from monocytes or from ma-
crophages without the intermediate step of the epi-
thelioid cell.

We saw often intermediate stages in macrophage
morphology 1like those seen in sarcoidosis, so I
presume that the same process goes on in CD in the
formation of giant cells. The majority are formed
by fusion of epithelioid cells - although there
might be an alternative.
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IMMUNOHISTO- AND ULTRACYTOCHEMICAL OBSERVATIONS IN CROHN'S
DISEASE

J.-0. GEBBERS and H.F. OTTO

INTRODUCTION

There is increasing acceptance that immunological mecha-
nisms are implicated in the pathogenesis of Crohn's disease
[CD]. This is particularly concluded from clinical observa-
tions and from findings indicating changes of the systemic
immune apparatus and of the gut-associated lymphoid system.
Therefore, the local immune response is of interest.

In the present study we have studied the local inflamma-
tory process and we have looked for indications 1] of a local
involvement of the complement system, 2] of the degree and
pattern of the local plasma cell response and 3] of the func-
tional activities of macrophages, granulocytes, and granuloma
associated cells to attempt a characterization of the 1local
immune response and to evaluate its possible pathogenetic
significance. Additionally, we have looked for epithelial
changes and for viral or bacterial particles.

MATERIAL AND METHODS

Surgical and biopsy specimens were obtained from 28 pa-
tients suffering from CD of the ileum [23] and colon ([5].

We applied the unlabeled antibody enzyme technique [in-
direct immunoperoxidase [PAP] method] and the indirect and
direct immunofluorescence method on paraffin wax embedded
sections of Bouin or formaldehyde-sublimate fixed tissue.
IgA, IgE, IgG, IgM, Clg, C3, lysozyme, secretory component
and coliantigen [by polyvalent anti-OK-coli sera, BEHRING
Institute] were demonstrated. In parallel, electron micro-
scopy and ultracytochemistry were done for demonstration of
acid phosphatase and peroxidase. The class pattern of immuno-
globulin-containing cells were quantitatively determined.
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RESULTS AND DISCUSSION

The secretory component was demonstrated in the epithe-
lial cells of non-ulcerated mucosa and the microvilli were
ultra-structurally intact unlike to findings in ulcerative

colitis.

Figure 1. Electron micrograph of the dome of Peyer's patch in
CD: Micro-ulcerations [white arrows] as early le-
sions. Interstitial deposits of ruthenium red indi-
cating the possible pathway of the antigenic influx
[black arrows and inset].

MF = microfold epithelial cell, E = enterocyte, C =
cerebriform nuclei of [T?] lymphocytes, P = plasma-
cytic cells. Ruthenium red - 0sO4.

The earliest histological changes in CD of the small in-
testine consisted in a marked hyperplasia of Peyer's patches
and in aphthous ulcers. Electron microscopically epithelial
defects and microulcerations were often seen at the dome of
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Peyer's patches [Fig. 1]. In addition to small lymphocytes,
lymphoid cells with cerebriform nuclei and plasmacytoid cells
were frequently seen in the vicinity of microfold epithelial
cells [Fig. 1].

The early B-cell response [in non-ulcerated mucosa] was
characterized by a balanced augmentation of the number of
plasma cells with IgA, IgG or IgM [Table 1]. This corresponds
to a typical humoral immune response. In the course of the
disease and in relationship to the degree of inflammatory
changes, there was a progressive increase of IgG-positive
cells [Table 1]. The ratio of the two plasma cell classes
IgA/IgG decreases from the normal value of 14.3 to 0.7 in the
severely inflamed mucosa.

Table 1. Quantitative-gqualitative analysis of the plasma cell
populations in the ileal mucosa of 15 patients with
CD and of 11 normal controls.

IMMUNOGLOBULIN-CONTAINING CELLS IN ILEAL MUCOSA*

CROHN's disease
Controls | slightly severe severe
inflamed non-ulcerated ulcerated
Plasma
cell 53 161 595 1031
number*
IgA 8l% 79% 57% 36%
IgM 13% 14% 11% 11%
I9G 6% 7% 32% 53%
IgA/IgG
ratio 14.3 11.5 1.8 0.7

*
in a defined "mucosal unit"

Similar changes were seen in diseased segments of the
large intestine, akin to those seen in ulcerative colitis.
The crypt epithelium of non-ulcerated mucosa contained IgM
and in that of ulcerated mucosa IgG is demonstrable. Signs of
transmural inflammation were typically seen in advanced sta-
ges of CD. In the deeper layers, i.e., the tunica muscularis
and the subserosa, we found increased proportions of IgG-po-
sitive plasma cells. The latter consituted about 90% of all



139

Ig-positive cells in these areas. A marked infiltration of
IgE-containing cells was observed within severely inflamed
mucosa particularly around ulcerations. This observation
points to the possibilility of local hypersensitivity reac-
tions, which would correspond to the electron microscopic
finding of degranulated mast cells in the severely inflamed
mucosa. The development of the heteromorphous "Crohn granu-
lomas" was related to the degree of inflammatory changes. The
core of the granulomas contained free interstitial IgG [Fig.
2].

Figure 2. Photomicrograph of a granuloma in CD with multi-
nucleated giant cells and interstitial IgG [arrow]
Inset: Intracellular IgG in a giant cell [arrows].
Immunoperoxidase [PAP] Diaminobenzidine, Haematoxy-
lin.

Membrane-associated and intracellular IgG was also found
in some macrophages and granulocytes, and in multinucleated
giant cells. Smaller giant cells with few nuclei contained
more IgG than larger [older ?] cells with many nuclei. Lyso-
zyme was demonstrable in many monocytes and macrophages in

the inflammatory infiltrate but not in the multinucleated
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giant cells. Ultracytochemically, there was a conspicuous
positivity for extracellular peroxidase within the granulomas
[Fig. 3a,b]. Since peroxidase is a marker enzyme for lysoso-
mal enzymes its positivity was associated to the presence of
acid phosphatase [Fig. 3c]. Controversely, peroxidase was
virtually absent in macrophages, multinucleated giant cells,
epithelioid cells and granulocytes associated with the granu-
lomas.

Figure 3. Electron micrographs of granulomas in CD.
a,b: Ultracytochemical demonstration of peroxidase
in the interstice [*] and in cytoplasmic vesicles
[arrows]of macrophages[M] and of a granulocyte [G].
c: Ultracytochemical demonstration of acid phospha-
tase in the interstice [arrows] around necrotic
material [*].

Intracellular OK-coli antigen could be detected in many
granulocytes and in some macrophages in ulcerated mucosa and
in the deeper bowel layers.

We were not able to demonstrate C3 or Clg bound to epi-

thelial or vascular basement membranes, and no electron dense
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deposits were found. Viral particles or bacteria in any of
the specimens were not demonstrated by electron microscopy.

CONCLUSIONS

There is no evidence for a primary mucosa block defect.
The findings indicate an initial intense 1local B-cell res-
ponse with a proportional increase of IgA-, IgG-and IgM-cells
in the non-ulcerated mucosa. It seems likely, therefore, that
a primary defect of the secretory immunoglobulin system can-
not explain the development of the disease; but a definite
conclusion needs further characterization of the quality of
the local IgA response.

The micro-ulcerations of the dome epithelium of Peyer's
patches could be interpreted as an early lesion where luminal
antigens gain uncontrolled access to this primary immunologic
contact organ. This could lead to an overstimulation of the
local immune system, causing a disturbed local immune homeo-
stasis with an imbalanced local Ig-production. The latter is
indicated by the disproportional increase of IgG-[IgE-]
cells. The imbalance of the immunoglobulin class pattern with
IgG-overproduction could cause the formation of granulomas,
since there is evidence that the tissue response which pro-
duces granulomas is sometimes dependent on the presence of
antigen-antibody complexes in antibody excess.

The simultaneous occurrence of coli-antigen and IgG in
granulocytes provides evidence for the phagocytosis of immune
complexes. This process could also explain the membrane asso-
ciated and intra-cellular IgG in some macrophages and in
multinucleated giant cells. During their phagocytic activi-
ties these cells may have lost lysosomal enzymes, which could
explain the findings of extracellular peroxidase and acid
phosphatase [as lysosomal marker enzymes]. The occurrence of
extracellular lysosomal enzymes could be of pathogenetic
significance, since they could be responsible for the cell
and tissue damage.
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B21 Summary of Discussions relating to topic B20

Pefia:

Gebbers:

Jewell:

Gebbers:

Did you study the dome epithelium of the Pey-
er's patches? Owen has described epithelial "M"
cells in that location which might be important in
antigen uptake and its transport in the immune
system.

In one electron-micrograph I showed the dome
epithelium of the Peyer's patch and indicated an
M-cell. That M-cell was intact. We saw micro-
ulcerations in the dome epithelium which might be
the door through which the antigens might be ab-
sorbed into the Peyer's patches.

The work of Owen and others seems to show that
when antigens are absorbed through the Peyer's
patch you get sensitization of both T- and B-cells,
the B-cells then recirculate and home back into the
intestine and develop into plasma cells, and al-
though they predominantly go to the small intes-
tine, they do, in fact, distribute throughout the
whole gastrointestinal tract. If there is ulcera-
tion of the Peyer's patch this may allow increased
absorption of antigen into that Peyer's patch. The
result could be an increase in lymphocytes and
plasma cells up and down the gastrointestinal
tract, providing an explanation for the generalized
abnormality of the gastrointestinal tract.

That is our hypothesis as well. In addition, we
have seen plasma cells in the dome epithelium of
Peyer's patches, which is seen neither in control
patient material nor in animal tissues. So it might
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Asquith:

Gebbers:

Yardley:

Gebbers:

Douwes:

be that antigenic response is occurring within the
dome epithelium with differentiation of some lym-
phocytes into plasma cells.

I wonder if you can give further details of the
coli antigen. I think it was implied that this
antigen might be producing the immunological dis-
turbances which you describe.

We only used a polyvalent antibody against OK-
coli antigen [Behring Institute]. We didn't charac-
terize our results because we don't have the neces-
sary special antigens and antisera. I am not sure
whether this is a primary defect or only an epiphe-
nomenon. In three cases of UC we found granulocytes
stained for coli antigen, but only in the vicinity
of ulcers.

I believe that increased IgG cells in the muco-
sa in active CD is a very non-specific reaction.
The same thing is seen in other inflammatory condi-
tions such as infections. My own assumption would
be that many antigens enter when you break-down the
mucosal barrier. If so, increased IgG cells may be
unrelated to the specific etiology and pathogenesis
in CD, or UC, except to the degree that it may
indicate direct access of bowel antigens into the
lamina propria.

We don't think increased IgG cells are specific
either, because we find the same increase in UC.

Has OK-0127 coli antigen also been found in
patients with diseases other than CD? All kinds of
antigens will pass a damaged mucosa. Did you study
patients with, for example, bacterial colitis for
OK antigen?
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Gebbers: No, not for bacterial colitis. Our controls
were especially from malignant diseases, but we saw
in CD granulocytes staining for coli antigen were
also occurring in non-ulcerated areas and in the
deeper layers of the bowel wall.

Lloyd-Still: Have you noted abnormalities in platelet aggre-
gation? Donnellen in one of the earlier studies of
UC by EM emphasized platelet aggregation.

Dourmashkin: We found platelet aggregates in the capilla-
ries, but a few platelets are found in normal biop-
sies as well, so I don't know what it means.

Daems : I would like to close with a comment about the
cytochemical evidence for release of lysosomal en-
zymes. I want to plead for caution. The cytoche-
mical demonstration of acid phosphatase activity
with the lead method is tricky. More often than not
you find lead precipitate which is due to causes
other than enzyme activity. The same holds true for
peroxidase, which is often seen in circumstances
other than CD and is especially positive in the
neighbourhood of eosinophils.
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B 22 General Discussion and Conclusions

Reported by J.H. Yardley and W.Th. Daems

MORPHOLOGICAL ASPECTS

Studies presented at the workshop strongly emphasized
that histological changes in Crohn's disease [CD] are found
throughout the gastrointestinal tract, including the oral
cavity. Morphometric methods also indicate that subtle, al-
beit non-specific increases are found in total number of
inflammatory cells and there is a characteristic increase in
macrophages. However, diagnosis of CD and its differentiation
from other forms of inflammatory bowel disease remains inex-
act. Except for granulomas, and to a much 1lesser degree,
focal non-specific inflammation, the inflammatory lesions in
Crohn's disease have no important distinguishing features.

The earliest mucosal lesion in CD is often focal and
development of "aphthoid ulcers" could well be a related
phenomenon. At the Workshop, Schmitz-Moormann and Beckers
described an initial focal cryptitis and made the interesting
suggestion that the granuloma appears as a latter manifestion
in the inflammatory sequence. The observation by Chambers and
Morson that there are distributional differences in granulo-
mas, with the largest numbers being found in the anal region
and the 1least in the ileum, provoked much discussion and
general agreement that further studies of this type are
needed. Those authors also presented good evidence that gra-
nulomas are more common in early than in late stages of CD.

From a practical standpoint, histopathology can play a
useful role in managing patients with various types of IBD by
helping in assessment of disease activity. However, because
of the much more focal character of the inflammatory changes
in CD, this is not as straightforward as successful for CD as
it is for ulcerative colitis [UC]. The need for a better con-
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tribution by histopathology to an overall activity index in
CD was emphasized at the Workshop. Some improvement in this
direction may be found in systematic counting of various cell
types, combined with computerized statistical analysis as
described by Schmitz-Moormann et al. However, considerable
refinement and simplification in the methods and verification
of reliability would be needed for regular use. Automated
cell counting techniques may also be essential to any practi-
cal application.

The observation by Gebbers and Otto that cells in the
epithelial dome over Peyer's patches show evidence of injury
were among the more intriguing investigations presented. A
basic fact still to be established, however, is whether the
injury is associated with entry of the etiologic agent or
whether it only represents a secondary occurrence [epipheno-
menon]. Questions were also raised as to whether the evidence
of injury to dome epithelium is related to Dourmashkin's
observation of injured surface epithelial cells. It is also
noteworthy that Tijtgat et al. did not confirm those findings
in their meticulous and thorough study. Epithelial injury
should be further explored by using rectal biopsy tissue,
with emphasis on epithelium over 1lympoid nodules which are
readily found in the rectum.

Several mechanisms of tissue injury in Crohn's disease
were proposed during the Workshop, including: 1] Initiation
by presence of immune complexes, 2] Degranulation of mast
cells mediated through the IgE route, 3] Release of lysosomal
enzyme after inflammation becomes established. While further
exploration of these possible mechanisms is indicated, there
was general skepticism that any significant role has yet been
shown for them.

This workshop made it clear that meaningful integration
of light-and electron-microscopic studies is so far largely
lacking. In addition, data from the electron microscopy stu-
dies reported - although highly interesting - were not con-
clusive, and results obtained by different investigators were
in part contradictory. They merit, however, further studies,
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especially with respect to the etiology and pathogenesis of
CD.

It should be emphasized that in CD electron microscopy
cannot be expected to become a routine method for patholo-
gists. Its use for diagnostic purposes, if there is any, is
extremely limited. However,electron microscopy should be
applied in fundamental studies on the etiology and pathogene-
sis of CD, and it can expect to be of great help in the cha-
racterization and identification of the various types of
cells involved in CD. Electron microscopy can potentially
overcome difficulties in cell characterization even better
when combined with cytochemical methods, including enzyme
cytochemistry and immunocytochemistry. Differentiation of
populations and subpopulations of cells at the site of the
inflammatory process, including the monocyte/macrophage se-
ries and lymphoid cells, can be followed. Moreover, electron
microscopy could eventually provide important information on
the topographical relation between cells, and especially on
cell contacts and transport of information between cells. Use
of isolated cells in fundamental studies on cell identifica-
tion should be considered.

Scepticism was expressed during the Workshop at the ulti-
mate role of morphology in establishing the pathogenesis and
etiology of CD. The 1limited, tentative, and controversial
character of the data presented certainly makes this scepti-
cism understandable. Nonetheless, there is conviction that
continued efforts to apply morphologic techniques, combining
them with immunochemical, histochemical and other parameters,
could ultimately still play a key role in our understanding
of the etiology and pathogenesis of CD. An analogous situa-
tion occurred with infectious hepatitis, a disease where for
many years an infectious agent had been known from epidemio-
logical and other evidence to cause the condition. Yet from a
morphological standpoint nothing more than the inflammatory
and injurious aspects of the disease were noted using all of
the most modern morphologic techniques. Following discovery
of the Australian antigen, however, with subsequent observa-
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tions on particulate material from serum and improved under-
standing of the relationships between injury in the liver and
presence of infectious agents, it became possible to visua-
lize the etiologic agent in hepatitis. Thus the experience
with hepatitis confirms the belief that current failure to
see clear-cut primary elements in the etiology and pathoge-
nesis of CD does not mean they are absent, nor does it mean
that some day they won't be demonstrated morphologically.
Current failure is in all likelihood only evidence that we do
not yet know what we are looking for or where and how to look
for it. Clearly, such efforts should continue.
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THE EPIDEMIOLOGY OF CROHN'S DISEASE, TRENDS AND CLUES

T. GILAT and P. ROZEN

INTRODUCTION

Epidemiologic studies performed by numerous investiga-
tors, many of them present here, have produced data which may
be of help in elucidating the etiology of Crohn's disease.
In recent decades medical research was focussed on possible
endogenous causes; now the pendulum has swung again and the
search is on for possible exogenous causes. I would like to
submit that available epidemiological information supports
the predominance of exogenous or environmental factors in the
causation of Crohn's disease. This evidence may be grouped
under 3 headings: a] Rapidly increasing incidence of the di-
sease in defined populations, b] study of a migrant popula-
tions Ashkenazi Jews and c] the very low [and rising] inci-

dence in several developing populations.

RESULTS AND DISCUSSION

al Rapidly increasing incidence of the disease in defined
populations. Table 1 shows the results of population studies
in 10 different geographic locations.

Table 1. Rising incidence of Crohn's disease

Area Period Incidence/lO5
from to from to

Cardiff (1) 1936-40 1971-75 0.18 4.83
Aberdeen (2) 1955-61 1962-68 1.7 2.6
Nottingham(3) 1958-60 1970-77 0.73 3.63
Uppsala(4) 1956-61 1968-73 1.7 5.0
Goteborg (5) 1951~-60 1961-70 1.4 6.3
Malmo (6) 1958-65 1966-73 3.5 6.0
Copenhagen (7) 1961-65 1966-69 0.7 1.9
Basel (8) 1960-66 1967-69 1.1 2.6
Tel-Aviv(9) 1970-72 1975-76 0.7 1.9
Cape Town (10) 1956-66 1970-74 Fourfold increase
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The impressive finding is that in all of them the inci-
dence of the disease has risen sharply within the last deca-
des. In many of them the increase was very marked, from four-
fold, to more than tenfold. The prevailing opinion is that
this represents a true increase and not merely better detec-
tion. The genetic material, i.e., the population in each of
these studies was relatively constant. The sharply rising
incidence thus indicates the effect of environmental factors.
It is noteworthy that all these studies come from developed
industrialized countries.

bl Study of a migrant population Ashkenazi Jews.

Ashkenazi Jews comprise, a group of individuals who fol-
lowing exile to ancient Rome, were dispersed in various Euro-
pean countries. Together with these European populations
some of them eventually migrated to America, Australia and
Southern Africa. They were thus exposed for generations to
local environmental influences.

Following early reports from the U.S.A. (11-15) of an
increased incidence of ulcerative colitis and Crohn's disease
in Jews, this particular group was intensively studied for
the incidence of inflammatory bowel disease [IBD] in many
parts of the world. Table 2 shows the incidence of Crohn's
disease in Ashkenazi Jews in several geographic locations.
For comparison table 3 shows the distribution of a genetic
trait, primary adult lactase deficiency, in Ashkenazi Jews in
Israel, the U.S.A. and Canada.

Table 2. Incidence [per 105] of Crohn's disease in Ashkenazi
Jews and general population

Area Period Ashkenazi Jews General Population
Tel-Aviv (9) 1970-76 1.6 1.2
Basel (8) 1960-69 2.2 1.6
Cape Town(10) 1970-74 2.8 0.8
Baltimore (11) 1960-63 7.2 2.5
Malmo (6) 1958-73 24.0 4.8
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Table 3. Adult lactase deficiency in Jews

Area % With deficiency
Tel-Aviv (16) 66
Connecticut, U.S.A. (17) 71
Vancouver, Canada(18) 69

The contrast is striking. While the prevalence of lactase
deficiency is almost identical in all three 1locations, there
is a more than tenfold variation in the incidence of Crohn's
disease. There may be inaccuracies in these figures due to
the small numbers of Jews in some of these locations: never-
theless, the overall picture is quite suggestive of strong
environmental influences. It also seems that the incidence
varies according to the general incidence of Crohn's disease
in the local population.

It may be recalled that studies of another migrant popu-
lation, Japanese, were a major piece of evidence incrimina-
ting environmental factors [as yet unidentified] in the etio-
logy of colon cancer.

c] The very low [and rising] incidence in several devel-
oping populations.

Studies from Cape Town (10), Johannesburg (19), and Kam-
pala (20) indicate that the disease is almost nonexistent in
Black Africans, particularly Bantus. It is not a question of
underdiagnosis, since in all three centers there are expe-
rienced investigators well familiar with the disease which is
present in the white population in these areas. Crohn's
disease was and is relatively rare in Asians (21). Lately,
cases have been reported from India and more particularly in
Indians residing in Britain (22). Very recently 1initial
single cases of IBD have been reported in urbanized middle
class Bantus in Johannesburg (19). This is reminiscent of
the natural course of diverticulosis of the colon in that
same population.

It may also be pertinent to note the results of the Orga-
nisation Mondiale de Gastroenterologie survey of IBD (23).
This survey conducted in many different centers around the

globe found good agreement in diagnostic criteria for Crohn's
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disease and ulcerative colitis among the different centers.
Yet the ratio of Crohn's disease to ulcerative colitis 1in
different parts of the world varied markedly from 3/1 to 1/8.

Environmental and genetic factors are, however, not mutu-
ally exclusive. Both have been quite convincingly implicated
in colon cancer. In several studies in the U.S.A. Crohn's
disease and IBD in general were shown to be more frequent in
Jews than in other whites (11,12,15). The same was found in
Cape Town (10) and Malmo (6).

The difference in the incidence of Crohn's disease be-
tween Jews and other whites in these areas may be due to
genetic factors, while the differences between Jews 1in the
U.S.A. and in 1Israel may reflect environmental influences
(24,25).

CONCLUSION

Epidemiologic data from various parts of the world show a
markedly rising incidence of Crohn's disease. Variations in
incidence have been noted in migrant populations. The data
are compatible with the predominance of exogenous environmen-
tal factors in the causation of the disease. These putative
factors may be particularly active in an urban industrialized
milieu. Genetic factors may coexist in particular groups.
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SOME EPIDEMIOLOGICAL ASPECTS OF CROHN'S DISEASE IN STOCKHOLM
COUNTY 1955-1979

G. HELLERS

INTRODUCTION

About a year ago, in Cape Town, South Africa, I reported
on a 20-year study of the epidemiology of Crohn's disease
[CD] in Stockholm County (l1). The study covered the period
1955-74 and included 826 cases. Today I am going to give an
update of this study including data collected through 1979.

PATIENTS, RESULTS AND DISCUSSION

During the 25-year period 1955-79, the county of Stock-
holm's population has increased from about 1.2 million in
1955 to 1.5 million in 1972, and has since then remained
stable. We have obtained data on 1133 patients, 523 males
and 610 females; this gives a male-female ratio 1:1.17 which
is not significantly different from the expected 1:1.08.

The absolute number of cases divided chronologically in
five-year periods is shown in table 1.

Table 1. Absolute number of Crohn's disease cases divided in
five years periods.

Five-year period
1955-59 1960-64 1965-69 1970-74 1975-79 All

Males 36 66 120 157 144 523
Females 57 79 133 178 163 610
Both 93 145 253 335 307 1133

The incidence [calculated as the annual number of new
cases per 100,000 mean population] has increased up to 1970,
but is again decreasing during the late seventies [Table 2].
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Table 2. Incidence of Crohn's disease in the county of Stock-
holm [new cases per 100,000]

Five-year period
1955-59 1960-64 1965-69 1970-74 1975-79 All

Males 1.3 2.1 3.5 4.4 4.0 3.1
Females 1.8 2.3 3.7 4.7 4.2 3.3
Both 1.5 2.2 3.6 4.5 4.1 3.2

The increase was rather slow up to 1966, becoming rapid
between 1966 and 1969, forming a plateau during the early
seventies and finally slowly decreasing during the late se-
venties [Fig 1]

s 4 Cases per 100000
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Figure 1. Graphical illustration of increase in incidence of
Crohn's disease in the county of Stockholm.

Such an increase in incidence may be, at least partly, be
caused by a shortening of this time between onset and defi-
nite diagnosis. The time-interval was 3.0 years in the be-
ginning of the study, but decreased significantly during the
years 1965-69, and has since then remained stable.

It is of some interest to determine the incidence of in
relation to the age of the patient at time of diagnosis [Fig.
2]. During the first five-year period 1955-59, there is no
obvious pattern. In the next period, 1960-64, the incidence
is increasing in younger age-groups only, and these age-
groups account for the overall increase in incidence. In the

next five-year period, this pattern is more pronounced with a
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sharp peak in the age-group 15-19 years. During the next
period, 1970-74, the peak is a little lower and wider, and
the top of the peak is in the age-group 20-24 years. Finally,
in the last period 1975-79, the peak is even wider and lower,
and the top of the peak is in the age-group 25-29 years.

Figure 2. Incidence of Crohn's disease in relation to the age
of the patient at the time of diagnosis in five-
year periods from 1955 to 1979

These results could be explained if we assume that a
single cohort of individuals of a given age range has a grea-
ter susceptibility to CD and gradually moving up in age
through the population. The patients group at risk were born
primarily during the period 1945-55: patients born earlier or
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later do not seem to get CD at the same rate. An example: the
incidence among 15-19-year-olds in 1979 is only 40 percent of
the incidence in the same age-group in 1969; in addition, the
mean age for the whole patient group has increased by appro-
ximately 3.5 years in each of the last five-year periods. If
we project five years ahead, we will get a lower incidence,
and the dominant age-group will be 30-34 years. If we extra-
polate 20 years ahead, perhaps CD will have disappeared by
the year 2000! More likely however the incidence of CD will
return to a lower baseline.

We are now faced with an obvious question: What happened
during the period 1945-55? Did some environmental factors
change, or was some change taking place later that affected
only individuals born between 1945 and 1955?

DIETARY FACTORS

One possible environmental factor in the causation of
CD is that these patients differed with respect to breast-
feeding. We have therefore determined the 1length of breast-
feeding during infancy in patients later in life developing
CD compared with controls matched in pairs. The matched con-
trols were selected at random from the Stockholm county popu-
lation registry and were chosen so that they were of the same
sex, and were born on the same day and in the same area of
Sweden as the patients to which they were matched. Both pa-
tients and controls were asked for how long a period they had
been breast-fed, in months, during their infancy. The infor-
mation given had to be checked with the parents or some other
reliable source; if the information could not be checked the
individual was excluded from further analysis.

The study started with 826 cases of CD, but a number of
patients were not, for various reasons, available for study.
In the end there were 308 complete pairs, that is, pairs in
which both patient and control were able to produce adequate
answers [incomplete pairs, where one or both in the pair
could not give an adequate answer, were excluded from further
studyl]. The difference in the length of the breastfeeding
period between patients and matched controls for the whole
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material, and in relation to time of diagnosis and age-group
is shown in table 3.
Table 3. Differences in the length of breast-feeding period

in months between patients and controls in relation
to time of diagnosis and age-groups.

Time- Age-interval
period
0-9 10-19 20-29 30-39 40-49 50-59 60- All

55-59 Mean 0.00 -0.29 -0.25 -6.25 -6.00 0.00 0.00 -2.14
SE 0.00 1.81 1.52 2.84 3.46 0.00 0.00 1.14
N 0 7 8 4 3 0 0 22

60-64 Mean 0.00 -2.15%-1.59 2.25 -9,00 0.00 0.00 -1,73%
SE 0.00 0.79 1.31 4.27 0.00 0.00 0.00 0.73
N 0 27 17 4 1 0 0 49

65-69 Mean -2.20 -1.94P-1.282 0.50 1.75 0.00 0.00 -1.27P
SE 1.36 0.69 0.63 1.42 2.02 0.00 0.00 O0.42
N 5 36 46 10 4 0 0 101

70-74 Mean 0.67 -0.53 -1.33b—0.71 1.44 -0.33 8.00 -0.732
SE 0.33 0.63 0.47 1.13 1.47 1.45 0.00 0.36
N 3 30 66 24 9 3 1 136

All  Mean -1.13 -1.46P-1.28P-0.67 -0.41 -0.33 8.00 -1.17°
SE 0.97 0.40 0.36 0.89 1.35 1.45 0.00 0.25
N 8 100 137 42 17 3 1 308

a: Significance p<0.025
b: Significance p<0.005

For the whole material, the difference is 1.17 months
with the individuals later developing CD having been breast-
fed for a shorter period of time. Additionally, the greater
differences seem to appear among patients born between 1945
and 1955, i.e., the cohort of individuals with a greater than
average prevalence of CD.

There are strong indications that breast milk is of major
importance for protection against infection and for the nor-
mal development of the infant. These studies suggest that it
may even play a role in the development of Crohn's disease.
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STUDIES ON THE INCIDENCE, PREVALENCE, MORTALITY AND DIETARY
HISTORY OF PATIENTS WITH CROHN'S DISEASE

J.F. MAYBERRY and J. RHODES

INTRODUCTION

During the last decade several epidemiological studies of
Crohn's disease have suggested that the condition has in-
creased in frequency. We have examined the incidence 1in
Cardiff over the 1last 40 years and considered a possible
explanation for the rise in incidence. Although some centres
have reported urban clustering of cases, others have been
unable to show this. Clustering suggests that infection or
an environmental agent may be important in the aetiology of
the disease. We have also examined the distribution of 1098
patients with Crohn's disease throughout Wales and the preva-
lence of inflammatory bowel disease in l1lst degree relatives
of patients with the disease. During the last 5 years the
role of diet in the aetiology of Crohn's disease has attrac-
ted considerable attention; for this reason dietary differ-
ences between patients with Crohn's disease, ulcerative coli-

tis and normal controls were also assessed.

RESULTS AND DISCUSSION
Changes in the incidence of Crohn's disease in Cardiff be-
tween 1934 and 1977 (1).

Hospital admissions have been recorded in Cardiff since
the Dispensary was opened in 1822. Actual case records have
been retained from 1926 until the present. Consequently, a
long term retrospective study of Crohn's disease in Cardiff
was possible. 264 patients were identified and the notes of
256 retrieved. The diagnosis of Crohn's disease was confir-
med in 232 patients by histology or radiology. The date and
method of diagnosis were recorded, together with the pa-
tient's age; from this data the annual incidence was derived.
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The incidence rose from 0.18/105/year during 1931-1935 to
4.83/105/year during 1971-1975, with a maximum value of
5.95/105/year in 1973. This increase in incidence could not
be attributed to:
1] Greater recognition of Crohn's colitis: between 1960 and
1970 there was an increase in the frequency of the disease
affecting small bowel as well as the ileocaecal area and
colon.
2] More accurate diagnosis and detection of milder cases by
radiology: surgical detection and diagnosis increased
throughout the period 1934 to 1977 and the standardised mor-
tality ratio [SMR] has remained constant.
3] Early confusion of Crohn's disease with typhoid fever,
tuberculosis of the bowel or ulcerative colitis.
4] Better retrieval and identification of recent cases: a
similar increase in incidence was not seen for patients with
achalasia retrieved from identical sources (2).

It would appear that the rise in incidence of Crohn's

disease is real rather than apparent.

Mortality in Crohn's disease. A study based on Cardiff resi-
dents (3).

The state of health on December 31st, 1976 was establish-
ed in 218 of the 219 patients diagnosed between 1934 and
1976; 40 had died. The study was conducted at the end of 1978
to allow a 2 year period for mortality data to emerge. Sour-
ces of information included: patients' notes, families or
neighbours, family doctors and the National Health Service
Central Register, Southport, England.

The expected mortality for each patient was calculated
each year during the study according to sex and age and com-
pared with the observed mortality. In addition, expected
mortality was derived for disease at different anatomical
sites and dates of diagnosis. The standardised mortality
ratio [SMR] for the 219 patients was 2.16 relative to the
population of Cardiff [x”?=24.98;p<0.001]. The SMR for the 90
male patients was 2.02 and for the 129 female patients
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2.29. The SMR varied with the site of the disease; it was
greatest for extensive disease involving several sites [SMR =
2.88] and least for colonic involvement [SMR = 0.86].

Young patients aged 10-19 were at particular risk of
death [SMR = 11.04]. The highest mortality was seen in the
first 3 years after diagnosis and again after about 13 years
of illness. This may reflect early death of several ill
patients and later the effects of multiple surgical proce-
dures and prolonged treatment with steroids. During the last
40 years drugs and surgery have controlled symptoms without
improving the prognosis.

Prevalence of inflammatory bowel disease in first degree
relatives and spouses of patients with Crohn's disease (4).
In 1977, 156 patients with Crohn's disease were living in
Cardiff [prevalence = 55.7/10°]. Of the 147 alive in 1979,
139 completed a questionnaire about family size and the oc-
currence of ulcerative colitis or Crohn's disease in lst de-
gree relatives and spouses. Thirteen had at least one affec-
ted relative in whom the diagnosis was confirmed by radiology
or histology. The commonest association was of sibling pairs,
7 of 437 siblings had Crohn's disease and 4 had ulcerative
colitis. The risk of siblings developing the disease is
about 30 times that in the total population. Such an in-
creased risk is not high enough to indicate a disease of
simple Mendelian inheritance with high penetrance, but sug-
gests that an external factor such as infection or diet may
be responsible for the condition in susceptible individuals.

The period prevalence of Crohn's disease throughout Wales,
1967-1976 (5).

1098 patients from Wales were admitted to hospital be-
tween 1967 and 1976 with a diagnosis of Crohn's disease,
which gives a period prevalence of 40.2/105. The condition
was most common in South Wales with a period prevalence in
South Glamorgan of 54.1/105, in West Glamorgan 46.1/105 and
in Gwent 40.1/105. Independent of this observation it was
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found that patients came predominantly from urban [period
prevalence = 47.6/105] rather than rural areas [period preva-
lence = 31.4/10°].

Patients in this study were identified from a computer
index held by the Welsh Office and its accuracy was assessed
from independent data held from Cardiff. 1In 90% of cases the
diagnosis was confirmed by histology or radiology; about 10%
of patients in Cardiff were treated entirely as outpatients
during this period and were not on the computer record. Con-
sequently although the data is limited the differences 1in
period prevalence between the north and south and between
urban and rural areas are probable real and add further sup-
port to a possible role for environmental agents in the ae-

tiology of this condition.

Dietary studies

Diet has recently been examined in Crohn's disease and
the observed differences may be of importance in the aetiolo-
gy or simply reflect secondary changes. We have undertaken
several dietary studies and reviewed the possible role of
breakfast cereals (6), sugar (7) and milk (8) in the aetio-
logy of Crohn's disease. In the first study (9) which inclu-
ded 100 patients with Crohn's disease and 100 age-and-sex
matched controls, a questionnaire was completed and showed no
difference in the consumption of breakfast cereals but pa-
tients used more sugar than controls. Since the difference
may simply reflect chronic ill health we then asked 120 dif-
ferent patients with Crohn's disease, 100 with ulcerative
colitis and age-and-sex matched controls to complete a ques-
tionnaire about current and past dietary habits. More pa-
tients with Crohn's disease added sugar to their beverages
[76%] and cereals [63%] than controls [56% and 35% respecti-
velyl, and the quantity of sugar used daily by patients with
Crohn's disease [66g] was significantly greater than in ul-
cerative colitis [39g] or controls [38g]. The difference in
sugar consumption does not appear to be simple a consequence
of ill health and diarrhoea. In a third study an attempt was
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made to exclude the effect of medical advice by gquestioning
32 newly diagnosed patients. Their current consumption of
sugar [49g] was significantly greater than by matched con-
trols [24g]. Similarly, patients ate each day significantly
more foods which contained sugar compared with controls. The
rise in incidence of Crohn's disease has not been associated
with a marked change in sugar consumption which makes it more
likely that the association 1is a secondary rather than a

causal one.

CONCLUSION

The incidence of Crohn's disease has increased signifi-
cantly in recent years. It is more common in 1lst degree
relatives than non-relatives and in towns rather than country
areas. These findings would suggest that an environmental
factor such as infection or diet may be important in the
aetiology of Crohn's disease. Dietary studies have demon-
strated an increased intake of sugar by patients with Crohn's
disease, but these findings are probably secondary associa-
tions and the aetiology of Crohn's disease remains unknown.
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CROHN'S DISEASE IN THE CENTRAL AREA OF SPAIN
J. GARCIA PAREDES and J.M. PAJARES GARCIA

INTRODUCTION

The aim of this retrospective study was to obtain epide-
miological information about Crohn's disease in the Central
Area of Spain. The incidence and certain clinical character-
istics of patients with well established Crohn's disease have

been studied.

MATERIALS AND METHODS

Eleven general hospitals* participated 1in the present
study. These hospitals provide the medical care of 80% of the
population of the province of Madrid and surroundings. 394
patients with CD have been collected. The diagnosis was esta-
blished following histo-pathological criteria [including ty-
pical radiological findings]. In order to get homogenous
data, the same questionnaire was used 1in all collaborating
centres. This dquestionnaire included age, sex, place of
birth, date of diagnosis, antecedents, profession, localiza-
tion of the lesions, mode of presentation of the disease and
complications. The data were obtained by collaboration of the
Services of Internal Medicine, Gastroenterology, General and
Digestive Surgery in every hospital. Data from children hos-
pitals are not included. To study the frequency of new cases
we have considered only those patients who had lived in the
province of Madrid for two years before the diagnosis was
made. 256 patients fulfilled these criteria.

*
Puerta de Hierro [110], Clinico Universitario [84], La

Concepcion [54], 1° Octubre [42], Gran Hospital [36], La Paz
[25], Ciudad Sanitaria Provincial [18], Gastroenterology
School [6], Ramon Y Cajal [10], Cruz Roja [10], Military
Hospitals [13] - In brackets the number of patients seen.
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RESULTS
The incidence of new cases per one million inhabitants in
the province of Madrid from 1965 to 1979 is shown in fig. 1.

Figure 1. New cases of Crohn's disease in the area of Madrid
during 1965-79 [n=256] Mean incidence over each
five year period [ 1.

Figure 2. Age at onset of symptoms in 394 patients with
Crohn's disease.
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From the 394 Crohn's patients, 222 were men [56.4%] and
172 were women [43.6%] [Ratio = 1.3/1]. 22% of the patients
were white collar workers; [72.9% of this group were stu-
dents]. 29.1% were unskilled; 48.9% were semi-skilled and 30%
of this group were housewives. 94.2% from the patients came
from urban zones and only 5.8% of them from rural areas.
The main areas affected with CD are shown in Fig.3;23.5%
of the patients had more than one affected area.

Figure 3. Localization of disease in 394 patients with
Crohn's disease.

The symptoms of the patients at the time of diagnosis are
shown in table 1.

Table 1. Crohn's disease in Madrid area, mode of presentation

Diarrhoea 296 [75.5%]
Recurrent abdominal pain 278 [70.9%]
Fever 150 [38.3%]
Acute abdomen 63 [16.1%]
Rectal bleeding 52 [13.3%]
Malabsorption 21 [ 5.4%]
Abdominal fistulae 6 [ 1.5%]
Retarded growth 2 [ 0.5%]
Septicaemia 1 [ 0.3%]

The 1local and systemic complications presented by 185
[47.2%] and 71 [18.1%] patients respectively can be seen in
table 2.
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Table 2. Crohn's disease in Madrid area - Local and systemic

complications
Fistula 133 [33.8%]
Perianal Lesions 40 [10.2%]
Abscesses 36 [ 9.2%]
Intestinal obstruction 35 [ 8.9%]
Perforation 16 [ 4.1%]
Stenosis 8 [ 2.0%]
Carcinoma 1 [ 0.3%]
Arthritis 39 [ 9.9%]
Ankylosing spondylitis 9 [ 2.3%]
Erythema nodosum 22 [ 5.6%]
Aphthous ulcers in the mouth 6 [ 1.5%]
DISCUSSION

This study shows that the incidence of new cases of CD
diagnosed in the province of Madrid has increased in the last
15 years, especially during the last 10 years. In certain
areas in other countries the incidence of CD seems to have
been stabilized, for example in Sweden, (1) or disminished,
as in Scotland (2). As the incidence of new cases in coun-
tries like Holland, England, Sweden, Denmark, Ireland, Norway
and U.S.A. (3,4,5,6,7,8,9,10) is very much higher than in
Spain, we can expect a further rise of incidence. The higher
incidence of Crohn's disease in the area of Madrid might be
due to the urbanization of the area of Madrid in the last 20
years. Another factor might be, the growing medical interest
in this disease, and improved diagnosis.

The mean age of onset of symptoms in our patients [37.3
years] seems to be higher than in other series (1,3,11), but
this could be due to the fact that children were not included
in the present study. We have not found a second "peak" in
the presentation of the disease after 40 years of age like
other authors (12). The age of presentation was the same for
both sexes. We have observed more males then females as op-
posed to other series (1, 11).

It is interesting that 94.2% of the patients came from
industrial areas. However, we have to consider that the in-
habitants of Madrid have only developed an industrial way of
life during the last 15 years. The mode of presentation is
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very similar to other series (3,11) with the only difference
that in our study diarrhoea is the most frequent symptom
[75.5%] and fever the third one [38.3%]. The local complica-
tions presented by our patients are similar to those reported
in other series (3,11).
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C5 Summary of Discussions relating to topics Cl to C4

Booth:

Gilat:

Riis:

Gilat:

What is the incidence of CD in the Sephardic
population in Israel? They came from North Africa
after 1948 and would therefore come into a compa-
rable period to the Stockholm group.

The disease is more frequent in Jews born in
Europe and America than in Asia and Africa. Now we
do not know what happens after living in Israel. If
environmental factors are important, the differen-
ces between communities coming from different areas
will disappear.

Could 1low incidence or prevalence rates 1in
Africa reflect socio-economic levels and poor ac-
cess to medical services?

Secondly, in conducting family studies one must
remember that members of families are much more
aware of any disease when having a relative with
it.

In Israel, medical help and diagnostic opportu-
nities are equivalent in all Jewish communities so
that I think our differences are real. In Cape
Town, at Groote Schuur hospital doctors are cer-
tainly familiar with CD which is seen in white and
in Cape coloured populations of the area but not in
the Bantu. The same is true for the Baragwanath
hospital in Johannesburg.

Jeejeebhoy: Have there been any study of the incidence of

CD in Japanese immigrants to the USA? Secondly, the
desire to eat sugar might be related to mixed-
feeding of the child, and therefore a reduced fre-
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quency of breast-feeding, so Mayberry's findings
[on increased sugar consumption in CD] and Hellers
on breast-feeding may be related.

Langman: Crohn's disease is well decribed in Japan.

Mayberry: The Chinese have apparently described about 50
cases of CD in Shanghai over the 1last 20 years.
There are suggestions that patients with Crohn's
disease may be zinc deficient and may be unable to

taste sweet things.

de Dombal: In Leeds we found in a study of 465 patients
that the incidence of CD in siblings was ten times
what you would expect in the general population.

Langman: Did anyone want to comment on the curious co-

hort phenomenon from Sweden?

Truelove: Twenty years ago Acheson and I found that pa-
tients with UC were significantly more often likely
to have been weaned from the breast within the
first month of life. Recently, Whorwell in South-
ampton has found the same thing but Singleton who
was working in Oxford has failed to confirm it.
When you have a cohort phenomenon, such as appears
to be the case with Hellers' patients in Stockholm,
one wonders whether common habits might not be the

explanation of it.

Valkenburg: In the 40's - 50's breastfeeding was uncommon
in Sweden like it was in most countries. It has
increased considerably since then untill the seven-

ties.

Hellers: Immediately after the war the habit of breast-
feeding children decreased greatly. This has since
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Fielding:

then changed back. However, as in many other Euro-
pean countries there have also been great changes
in our way of preparing food and storing ‘food.

Garcia Paredes' figures are typical of any area
that becomes interested for the first time in CD.

Is this a true phenomenon?

Lloyd-Still: There have been other changes, for example in

Jarnerot:

Asquith:

Mayberry:

Asquith:

Mayberry:

poliomyelitis immunization and other variables, I
think that we ought to know those figures as well.
Intestinal protection may be important.

Up to 1945 during the war there was rationing
of sugar which afterwards was readily available.

Am I correct that Mayberry did consider sugar
added to beverages. What about other carbohydrates?
In the prospective study was UC used as a control?

We initially studied sugar added to beverages
and cereals. In the later study of 16 patients and
16 controls, we persuaded people to record details
of what they ate. We did not include any patients
with ulcerative colitis. There was no difference in
intake between carbohydrates and total disacchari-
des and monosaccharides, in complete contrast to
Heaton's in Bristol where his group of patients
with CD had a higher intake of refined sugars. We
think we simply see a secondary non causal pheno-
menon but worthwhile following up.

But this would tend to negate the link-up be-
tween the breast-feeding story and your added sugar

data.

Yes.
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Hellers:

177

Could a switch from a private health-care sys-
tem to a socialized health-care system explain
Hellers' result? Secondly, there has apparently
been a tremendous increase in dental caries in some
of the native populations of the U.S. 1like the
Eskimos and Indians which they blamed on an in-
crease of the refined carbohydrates in their diet.
To my knowledge there has been no increase, or even
any patient, with IBD, described in those popula-

tions.

In 1970 when the incidence started to decrease
we had a socialized system. There are about 45.000
Laps in Sweden and they all live in the North.

van Tongeren: Hellers suggested that probably between 1945

Douwes:

Hellers:

and 1955 there was less breast-feeding. Another
possibility is, that between 1945 and 1955 anti-

biotics were introduced.

In the period of the increase in CD did Hellers

notice a decrease in UC?

The incidence of UC is about 5 new cases per

100,000 per year and it has been pretty stable.
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MALIGNANCY IN CROHN'S DISEASE

H. THOMPSON, S. GYDE and R.N. ALLAN

INTRODUCTION

Since the first analysis of Crohn's material in Birming-
ham by Fielding and Cooke (1) and the pathological assessment
of intestinal cancer in Crohn's disease (2) we have been able
to enlarge the clinical series and determine more accurately

the cancer risk in Crohn's disease (3).

MATERIAL

The extended Birmingham series includes 513 patients [243
males and 270 females] who have been under long-term review
between 1944 and 1976. The mean interval from diagnosis was
14.5 years. The mean age of onset was 29.3 years and the
mean age at diagnosis was 31.8 years. The average period
between onset and diagnosis was 2.5 years. The male female
ratio was 0.9.

Almost half the patients [45%] had involvement of the
ileum with or without extension into the right colon while a
third had extensive involvement of the colon with or without
distal ileal involvement [34%].

METHODS

Special care has been exercised in this series to discri-
minate between Crohn's disease [CD] and ulcerative colitis
[UC]. All patients with inflammatory bowel disease under the
care of the gastro-intestinal unit have recently been review-
ed. Follow-up is complete apart from 9 patients.

The majority of patients had been resident in the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>