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Abstract
Background—Evaluation of histological
activity in ulcerative colitis needs to be
reproducible but has rarely been tested.
This could be useful both clinically and in
clinical trials.
Aim—To develop reproducible criteria
which are valid in the assessment of acute
inflammation (activity) and chronicity,
and to evaluate these features in an interobserver variability study.
Methods—A six grade classification system for inflammation was developed
which could also be fine tuned within each
grade. The grades were: 0, structural
change only; 1, chronic inflammation; 2,
lamina propria neutrophils; 3, neutrophils
in epithelium; 4, crypt destruction; and 5,
erosions
or
ulcers.
Ninety
nine
haematoxylin-eosin sections from endoscopically inflamed and non-inflamed
mucosa from patients with distal ulcerative colitis were assessed in two separate
readings by three pathologists independently and without knowledge of the clinical
status. Interobserver agreement was compared pairwise using kappa statistics.
Results—Initially, kappa values between
the observers were 0.20, 0.42, and 0.26,
which are too low to be of value. Following
development of a semiquantitative pictorial scale for each criterion, kappa
values improved to 0.62, 0.70, and 0.59. For
activity defined by neutrophils between
epithelial cells, kappa values were 0.903,
1.000, and 0.907. Complete agreement was
reached in 64% of samples of endoscopically normal and in 66% of endoscopically
inflamed tissue. Neutrophils in epithelium
correlated with the presence of crypt
destruction and ulceration.
Conclusion—A histological activity system was developed for ulcerative colitis
that showed good reproducibility and
modest agreement with the endoscopic
grading system which it complemented. It
has potential value both clinically and in
clinical trials.
(Gut 2000;47:404–409)
Keywords: ulcerative colitis; biopsy; inflammation;
scoring system

The diagnosis of idiopathic inflammatory
bowel diseases (IBD) is usually based on a
combination of clinical, radiological, endoscopic, and microscopic criteria. The reproducibility of the microscopic criteria, used for
diagnosis of ulcerative colitis (UC), has been
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examined in several studies.1–4 Overall, the
most important features for discriminating
between normal tissue and IBD, and UC and
Crohn’s disease are architectural abnormalities
and inflammatory changes.5–8 Structural
changes of the crypt architecture and basal
plasmacytosis have good predictive diagnostic
value for IBD versus non-IBD.8–10 UC is a
chronic relapsing condition. Hence, it is not
only important to reach a correct diagnosis but
also to assess disease activity. This is done with
the aid of clinical parameters, sometimes combined into clinical indices, and by using endoscopy, often supplemented by biopsy. It has
been shown that treatment can alter the microscopic diagnostic features and signs of
activity.11–14 Although histological activity may
not be important in the everyday management
of patients, which often depends on general
well being, it can be important in the choice of
drug treatment and in monitoring drug
therapy, and it may be particularly important in
the design and evaluation of any study aiming
to show a therapeutic benefit. Patients with
residual microscopic acute inflammation are
more likely to relapse.15 16
DiVerent histological scoring systems have
been designed for assessment of disease activity
in UC.14 17–19 Usually they combine chronic and
more acute changes, and epithelial as well as
inflammatory features.20 Microscopic activity is
based on the presence of neutrophils or defined
as unequivocal damage of the surface and crypt
epithelium typically in conjunction with
neutrophils.21 The use of neutrophils as an
indicator of disease activity is supported by
studies of leucocyte scanning.22 23 Histologically, neutrophils appear to be the eVector cell
causing epithelial damage.24 Histological scoring systems are used in many clinical drug trials
but data regarding the reproducibility of the
scores and the possible relation between the
occurrence of erosions and ulcers and the
presence of neutrophils within the epithelium
are limited.16 17 Hence the purpose of our study
was to evaluate a microscopic scoring system
designed for UC based on diVerent grades of
activity and to assess its reproducibility. The
scoring system was designed to aid in assessing
the eVectiveness of therapy in UC.
Material and methods
Following a literature search for diVerent
features used to diagnose and assess activity in
UC and diVerent scoring systems available, a
new classification and grading system for
Abbreviations used in this paper: IBD,
inflammatory bowel disease; UC, ulcerative colitis.
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Table 1

DiVerent grades used for evaluation of disease severity in ulcerative colitis
Structural (architectural change)
No abnormality
Mild abnormality
Mild or moderate diVuse or multifocal abnormalities
Severe diVuse or multifocal abnormalities
Chronic inflammatory infiltrate
No increase
Mild but unequivocal increase
Moderate increase
Marked increase
Lamina propria neutrophils and eosinophils
No increase
Mild but unequivocal increase
Moderate increase
Marked increase
None
Mild but unequivocal increase
Moderate increase
Marked increase
Neutrophils in epithelium
None
< 5% crypts involved
< 50% crypts involved
> 50% crypts involved
Crypt destruction
None
Probable—local excess of neutrophils in part of crypt
Probable—marked attenuation
Unequivocal crypt destruction
Erosion or ulceration
No erosion, ulceration, or granulation tissue
Recovering epithelium+adjacent inflammation
Probable erosion—focally stripped
Unequivocal erosion
Ulcer or granulation tissue

Surface epithelium Crypt epithelium
1O
2O
3O
4O
5O
6O
7O

Crypt abscesses

X
X

X
X

X
X

X
X

X
X
X
X

Figure 1 DiVerent combinations of locations of neutrophils within the epithelium. Seven
possible combinations were identified.

assessment of progressive inflammation and
activity was conceived (table 1). The underlying hypothesis is that the diVerent major grades
and subgrades are progressive and correlate
with increasing disease severity or activity.
Furthermore, the position of the neutrophils
between the epithelial cells was scored separately in grade 3. Seven possible combinations
were identified (fig 1). The purpose of this was
to examine the relationship between location of
neutrophils and occurrence of erosions or
ulcers and crypt destruction. If such a relationship exists, the location of the neutrophils
would be important for evaluation of medical
treatment. In addition, the technical quality of
the sections and orientation of the samples and
their eVect on accurate microscopic analysis
were evaluated.
The diVerent major grades and subgrades
were clearly defined: grade 0.0 indicated the
absence of any abnormality; grade 0.1 indicated
a solitary architectural abnormality such as one
definitely abnormal crypt or inappropriate spacing; grade 0.3 was used when the lesions were
severe and diVuse; and grade 0.2 was any
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Grade 0
Subgrades
0.0
0.1
0.2
0.3
Grade 1
Subgrades
1.0
1.1
1.2
1.3
Grade 2
2A Eosinophils
2A. 0
2A.1
2A.2
2A.3
2B Neutrophils
2B. 0
2B.1
2B.2
2B.3
Grade 3
3.0
3.1
3.2
3.3
Grade 4
4.0
4.1
4.2
4.3
Grade 5
5.0
5.1
5.2
5.3
5.4

abnormality between a single lesion and diVuse
lesions. Any increase in chronic inflammation in
the lamina propria infiltrate indicated a grade 1
score. Subgrade 1.1 indicated a mild but
unequivocal increase and subgrade 1.3, a
marked increase in chronic inflammation. The
presence of granulocytes within the lamina propria or between epithelial cells was scored in
grades 2 and higher. Subgrade 2B.1 was scored
when one or more neutrophils were present in
the lamina propria. For the assessment of
subgrades, the worst area of the biopsy, and not
the average aspect, was used. A series of photographs was constructed to define the upper and
lower limits of each subgrade (fig 2).
The results were analysed in three diVerent
ways. In the first analysis the activity was
assessed according to the six diVerent major
grades. In the second analysis grades 0 and 1
were combined in one group and the others in
a second group. In the third analysis major
grades 0, 1, 2A, and 2B were combined in one
group and grades 3, 4, and 5 in a second group.
The cut oV between the two groups was the
presence of neutrophils either in the lamina
propria in the second analysis or between
epithelial cells in the third analysis. The
purpose of the diVerent analyses was to examine possible diVerences between a simple and
more complex scoring system.
A total of 99 haematoxylin-eosin stained
sections from biopsies obtained in patients with
established distal UC were examined. All
patients were selected for a controlled clinical
trial. The biopsies were obtained in endoscopically inflamed (n=68) and non-inflamed mucosa (n=31). In 66 cases more than one sample
from the same region was available. Two separate readings were performed. In the first reading three diVerent semiserial sections (5 µm) of
each biopsy were assessed by three pathologists
(KG, RR, AÖ). In the second session the same
section was examined by all three pathologists
to minimise any eVect caused by diVerences
between sections. Both readings were performed independently and without knowledge
of the endoscopic status. The first reading was
followed by analysis of areas of disagreement
related to sectioning and the use of semiserial
sections. Possible sources of error and areas of
disagreement were identified and clarified by
re-examination of the slides over a multiheaded
microscope. The grading scale was adapted
and refined. In particular the boundaries
within each grade between diVerent degrees of
severity and the features allowing identification
of a precise lesion such as crypt destruction
and erosion were discussed and defined more
precisely.
The second reading was followed by a statistical analysis of the data and re-examination of
the slides for identification of sources of
disagreement. Overall interobserver agreement
was compared pairwise using kappa statistics.
A kappa value of <0.5 was considered “poor”,
0.51–0.6 “moderate”, 0.61–0.8 “good”, and
>0.8 “excellent”. In addition, the relation
between microscopic and endoscopic findings
was studied, and p values were calculated for
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Table 2 Results of the first and second readings for the
three observers (A, B, and C) (mean grades)
A

All biopsies
Healthy tissue
Inflamed tissue

B

C

1st

2nd

1st

2nd

1st

2nd

3.02
1.66
3.62

3.22
1.50
4.05

2.68
1.66
3.14

3.17
1.54
3.97

2.33
0.66
3.06

3.17
1.54
3.97

Kappa values: A:B=0.42 (Ist), 0.62 (2nd); A:C=0.26 (Ist), 0.70
(2nd); B:C=0.20 (Ist), 0.59 (2nd).
In the first reading, three diVerent semiserial sections were
examined (total, n=95; healthy tissue, n=29; inflamed tissue,
n=66). In the second reading the same section was examined by
all three pathologists (total, n=86; healthy tissue, n=28;
inflamed tissue, n=58).

the diVerent locations of neutrophils in the
epithelium.
Results
INITIAL READING

The results of the first reading are summarised
in table 2. Analysis of interobserver diVerences
allowed a distinction between four diVerent
categories: (a) observer errors—that is, when
one or more observers had missed a feature; (b)
errors due to the use of three diVerent semiserial sections; (c) diVerences due to the quality of the section; and (d) disagreement resulting from diVerences in interpretation.
Following a discussion, the grading scale was
adapted and the borders between the subgrades were defined more clearly. It was
decided to use only one serial section in the
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second reading to be read by all three pathologists independently to exclude diVerences
resulting from the use of diVerent sections. For
assessment of diVerent subgrades of severity it
was decided to construct a series of photographs showing the upper and lower limits of a
given feature, rather than to use a typical
example of a certain degree of severity, as this
was one of the reasons for the many diVerences
in interpretation. Finally, it was also decided to
assess the quality of the sample to see if technical quality had an important eVect on analysis.
SECOND READING

The results of the second reading are also summarised in table 2. Agreement was excellent for
major grades 0 and 5. Complete agreement for
the final score (major grade and subgrades)
was reached in 65% of samples of good quality
examined by all three observers (n=86). For
biopsies obtained in endoscopically normal tissue complete agreement was reached for the
final score in 64% of samples and for biopsies
obtained in endoscopically inflamed tissue
complete agreement was reached in 66% of
cases (n=58) (figs 3, 4). A diVerence of one
major grade between one observer and the two
others was noted in 18 cases (21%) and a two
grade diVerence was noted in nine cases. A
large discrepancy was found in two cases,
graded as 5 by two of the three observers in one
case, and as 5 and 3 by two observers in the
second case.
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Figure 2 Microscopic photographs illustrating the diVerent grades as well as the lower and upper borders. (A) Grade 0.3:
the section is of good quality, the architecture is severely and diVusely altered but the lamina propria cellular infiltrate is not
increased in intensity. (B) Grade 3.3: neutrophils are infiltrating the crypt epithelium in >50% of the crypts (arrow
indicates neutrophils in lumen of crypt). (C) Grade 5.1: the surface is covered by attenuated cells, characteristic of a
recovering epithelium. In addition there is severe adjacent inflammation. (D) Grade 5.3: unequivocal erosion because of the
loss of surface epithelial cells, adjacent recovering epithelium, and severe inflammation (haematoxylin-eosin).
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2.5

A

B

C

2

1
0.5
0

Grade Grade Grade Grade Grade Grade Grade
0
1
2A
2B
3
4
5

Figure 3 Interobserver variability for the diVerent grades
of the scoring system. Mean scores of the three observers (A,
B, and C) are shown for the second reading. Only biopsies
from endoscopically involved areas are included. Observer
agreement is high for grades 3, 4, and 5.
1.2

A

B

C

1

A:B

A:C

B:C

Grade Grade Grade Grade Grade Grade Grade
0
1
2A
2B
3
4
5

Figure 5 Interobserver variability in the assessment of
activity of ulcerative colitis on rectal biopsies for the second
reading. Kappa values for the diVerent grades of the scoring
system are shown for the three observer pairs (A:B, A:C,
and B:C). Agreement is poor for assessment of structural
changes without associated inflammatory changes (that is,
quiescent colitis) for two pairs of observers.
Table 3

0.8

DiVerences in the assesssment of subgrades

0.6

Grade

Complete
agreement

One grade
diVerence

Two grade
diVerence

0.4

Grade 0
Grade 1
Grade 2A
Grade 2B
Grade 3
Grade 4

23%
48%
35%
48%
66%
66%

51%
49%
46%
36%
31%
17%

27%
3%
19%
16%
3%
17%

0.2
0

Grade Grade Grade Grade Grade Grade Grade
0
1
2A
2B
3
4
5

Figure 4 Interobserver variability for the diVerent grades
of the scoring system for biopsies obtained in endoscopically
healthy tissue. Mean scores of the three observers (A, B,
and C) are shown for the second reading. Agreement is
excellent for grades 3 and 4.

Thirty one samples were found to be of good
quality by all three examiners whereas 36 were
of substandard quality and 22 of poor quality
(13 of these were not examined by all three
observers because of poor quality). For the
overall scores, kappa values were 0.489, 0.434,
and 0.670 for the poor specimens and 0.666,
0.706, and 0.510 for the good samples.
Distinction between the groups with and
without granulocytes was excellent, with kappa
values of 0.815, 0.945, and 0.869. Agreement
on the diagnosis of activity, defined by the
presence of unequivocal damage of surface or
crypt epithelium in conjunction with neutrophils (major grades 3, 4, and 5), was also
excellent, with kappa values of 0.903, 1.000,
and 0.907.
For samples of good quality from endoscopically uninflamed tissue (n=28), kappa values
for agreement between pathologists and endoscopy were, respectively, 0.613, 0.545, and
0.386, indicating moderate agreement. The
average grade scored by the pathologists for
these samples was below 2 (presence of granulocytes in the lamina propria) or more. The
mean values were 1.07, 1.13 and 1.07.
For specimens of good quality obtained in
endoscopically inflamed tissue, kappa values
for agreement between pathology and endoscopy were 0.648, 0.808, and 0.570, respectively, indicating moderate to excellent agreement. Mean scores for inflamed tissue, given by
each of the pathologists, were 3.25, 2.75, and
3.00. The endoscopy score for inflamed tissue
correlated well with grade 5 and grades 3 and
2B (p<0.02) for all assessors. Grade 2A,
eosinophils within the lamina propria only, also
correlated with the endoscopy score for each of
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Intragrade diVerences and variability of intensity for grades 0, 1,
2, 3, and 4. Results are expressed as percentage of the total
number of biopsies scored for a particular item.

the observers (p<0.11). However, this does not
mean that there was complete agreement
between the endoscopy score and histology.
Endoscopically inflamed tissue appeared normal for all three observers in three cases (4%),
and in endoscopically uninflamed tissue, microscopic active inflammation was still present in
13/28 (46%) cases according to all three
observers. No abnormalities were present in
11/28 samples (39%). In the remainder, structural changes or an increase in intensity of
mononuclear cells was observed by at least one
of the three observers.
Kappa values for the diVerent major grades
(0, 1, 2A, 2B, 3, 4, and 5) are shown in fig 5.
Values were more than 0.4 and usually more
than 0.5 for grades 1, 3, and 4. Analysis of the
results for intragrade diVerences and variability
of the subgrades (for example, 1.1 v 1.2 v 1.3)
for major grades 0 to 4 are shown in table 3.
For major grades 4 and 5, complete agreement
was reached in 66% of cases for the presence,
absence, or type of crypt destruction and in
44% for the presence, absence, or type of erosion or ulceration. In 17% of cases one grade
diVerence was noted for crypt destruction but
in only 14% the lesion was considered to be
absent. In 22% of cases presenting with an erosion, the lesion was not recognised as such by
one of the observers.
Disagreement was due to observer errors,
interpretation errors, or a combination of both.
The total number of observer errors was 4.67%
of all observations when the location of
neutrophils was not included and 3.06% of all
observations when this item was included.
Observer errors were found in all major grades:
10% for grade 0; 2% for grade 1; 8% for grade
2A; 6% for grade 2B; 1% for grade 3; and 3%
for grades 4 and 5.
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Table 4 Neutrophils in epithelium and the presence of an
erosion or ulceration
Location 1+3+5+7

Location 2+4+6

5.0
5.1
5.2
5.3
5.4

8
3
16
14
6

5
0
2
0
0

Neutrophils in the surface epithelium (1, 3, 5, and 7) or crypt
epithelium (2, 4, and 6) and the presence of an erosion or
ulceration (major grade 5): the numbers indicate the number of
biopsies involved and assessed by one observer. Neutrophils in
the crypts were less common when an erosion was present.
CORRELATION BETWEEN THE LOCATION OF
NEUTROPHILS IN THE EPITHELIUM AND
OCCURRENCE OF CRYPT DESTRUCTION,
EROSIONS, AND ULCERATIONS

Correlation of the location of neutrophils in the
epithelium (major grade 3) with major grades 4
(crypt destruction) and 5 (erosion) showed
that both crypt destruction and erosion were
significantly more common when neutrophils
were present in the epithelium. For major
grade 4 indicating crypt destruction, p values
between the presence of the lesion and
neutrophils in the crypt epithelium (locations
2+3+6+7 v 1+4+5) were 0.18, 0.026, and
0.062, respectively, for the three diVerent
observers. For grade 4, crypt destruction and
crypt abscesses (locations 4+5+6+7 v 1+2+3),
p values were 0.0002, 0.015, and 0.0001. This
indicates that the presence of crypt abscesses
implies crypt destruction. For grade 5 (erosions or ulcerations), the correlation with neutrophils in the surface epithelium (locations
1+3+5+7 v 2+4+6), p values were 0.0045,
0.16, and 0.0057. This means that the presence
of neutrophils in the epithelium implies the
likelihood of an erosion or ulceration (table 4).
Discussion
Overall, complete agreement for the final score
was reached by all three observers for 56/86 samples (65%) of good or acceptable quality. The
mean grades for the 28 samples obtained in endoscopically normal tissue (1.07, 1.13, and 1.07)
and for the 58 samples obtained in endoscopically inflamed tissue (3.25, 2.75, and 3.00) were
comparable. Kappa values were 0.62, 0.70, and
0.59, indicating moderate to good agreement.
Observer errors were noted in 3.5% of cases.
The improvement following the second reading
indicates the importance of precise definitions.
Technical quality and orientation improve
microscopic assessment and final grading.
Disagreement is partly due to the presence of
more than one sample and discontinuity of the
lesions when samples are compared. Discontinuity of the lesions has been reported for UC
and accurate assessment of microscopic disease
activity may need analysis of more than one
biopsy sample.12 13 As only one final score combining the major grade and the subgrade was
given, some observers gave an average score
when the lesions were discontinuous while
others scored the worst. It was finally decided
that the worst score should be used.
Kappa values improve and agreement becomes excellent when classes or grades are collapsed. When disease activity was defined by
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Grade

the presence of unequivocal damage of the epithelium with neutrophils, kappa values were
0.903, 1.000, and 0.907. This confirms earlier
studies showing that neutrophils can be
assessed reproducibly and that interobserver
agreement is good for histological features
associated with neutrophils.1 14 17 The reproducibility of a simple scoring system is thus
high, as expected. However, the purpose of the
study was to construct a more refined scoring
system, allowing us to define more precisely
disease activity and eventually guide long term
therapy; our study showed moderate to excellent agreement for such a complex system.
In the past, several studies have found variable
results when comparing endoscopy scores and
histology in UC.20 25 In the present study, the
correlation between endoscopy and histology
was generally good for endoscopically inflamed
mucosa. The correlation was worse for endoscopically uninflamed mucosa. This is not
surprising as endoscopy and histology do not
assess the same features. Focal active inflammation is likely to be missed by endoscopy and
biopsies thus add an additional dimension
regarding the presence of inflammation. Therefore, it seems appropriate to use both endoscopy
and histology for the assessment of disease
activity and extent. Persistent microscopic lesions, in the absence of endoscopic lesions, may
indicate increased likelihood of relapse.15 16
Analysis of areas of disagreement after the
first reading showed that there were only a few
slides where neutrophils in the lamina propria
was the only sign of activity, and was not associated with neutrophils infiltrating surface or
crypt epithelium. Variations resulted from failure of one or more pathologists to detect a
lesion or from interpretation of neutrophils in
endothelial lined channels as being normal or
abnormal. Observer errors diminished but
were still noted after the second reading. These
were mostly due to poor technical quality but
in five good quality specimens the final grade of
the biopsy was influenced by observer error.
The number of observer errors for erosions
or ulcerations was small. Disagreement was
related mainly to diVerences in interpretation
between a genuine erosion or an artifactual
stripping of epithelium. The presence of recovering epithelium, defined as attenuated (flat or
cuboidal) surface epithelium cells, was therefore included in the assessment form to
improve recognition of an erosion. The presence of adjacent severe inflammation was
added to exclude as far as possible other
potential causes of superficial damage. We also
included a category of probable erosion versus
focal stripping. Inclusion of the latter category
was responsible for a two grade diVerence in
the final score in 5/12 cases where such a major
diVerence was found. Hence it may not be
appropriate to include this step in grade 5.
Some interpretation problems were not
solved after the first reading. Evaluation of the
lamina propria mononuclear infiltrate remained a problem. This has also been observed
in other studies.26 It has been shown that the
lamina propria cellularity is an important
feature of IBD but the boundaries of the
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normal cellular lamina propria infiltrate need
clarification and standardisation.27 28 Identification of eosinophils in the lamina propria is
another source of disagreement, responsible for
8% of observer errors. Yet some data in the literature indicate that eosinophils are important
for the pathogenesis of CD and UC.28–30
Therefore, we propose to include eosinophils
in histological scoring systems assessing disease activity in IBD.
For grade 0, complete agreement was
reached in only 22% of cases after the second
reading. Similar disagreement was also noted
after the first reading. Following the analysis a
series of photographic standards was constructed for comparison, representing not an
average picture but the boundaries between the
diVerent categories. Data from the second
reading showed that the disagreement was
partly due to observer errors and partly to differences in interpretation. Disagreement in
structural changes was mainly due to the availability of more than one sample from the same
patient and the same area. Orientation of the
sections is another source of disagreement.
Bifid crypts and increased distance between
the crypt base and muscularis mucosae were
used as the main criteria, but these features
cannot be assessed adequately in transverse
sections or sections cut tangentially. Variability
in crypt diameter and intercryptal distance are
clearly more diYcult parameters to use.
A good correlation was found between the
location of neutrophils and occurrence of crypt
destruction, erosions, and ulcers. Our data
confirm that neutrophils between epithelial
cells are related to epithelial cell damage. Neutrophils in the surface epithelium correlate with
the occurrence of erosions. Crypt abscesses
imply crypt destruction. Reduction or disappearance of neutrophils in the epithelium in
consecutive biopsies is thus most likely a sign of
reduction of disease activity and could indicate
the eYcacy of a given treatment.
In conclusion, our scoring system is suYciently reproducible that it may be of value in
clinical trials and in the routine assessment of
clinical activity. Technical quality, both in
terms of quality of sections and good orientation, can improve the quality of reporting and is
therefore strongly encouraged. Some histological features, especially structural abnormalities, need more accurate definition. The
presence of eosinophils has to be included in
any grading system assessing activity in UC.
The presence of neutrophils in the epithelium
correlates well with the development of lesions
such as crypt destruction and erosions or
ulcers. Although endoscopy is a very important
tool for diagnosis and assessment of disease
activity and there is a good correlation between
endoscopy and histology, the combination of
endoscopy and biopsy provides a better indication of activity than endoscopy alone, especially
in endoscopically non-inflamed mucosa.

