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A Reproducible Scoring System for Quantification
of Histologic Lesions of Inflammatory Disease in
Mouse Gastric Epithelium

Kathryn A Eaton,'” Stephen J Danon, Steven Krakowka, and Steven E Weisbrode

Comparison of experimental groups by microscopic examination is a common and useful method for evaluating animal models
of disease. Quantification of lesions is challenging, however, and differences in scoring systems hinder comparison of results from
different laboratories. The purpose of this study was to validate a simple and reproducible scoring system for Helicobacter pylori-
associated gastric disease in mice. The system is based on quantification of the percentage of microscopic fields in which lesions
are present, rather than on subjective estimates of lesion severity. Linear regression analyses revealed good agreement between
investigators in scoring of all 3 histologic criteria examined. The range of correlation coefficients between individual readers’ scores
and mean scores for the 3 histologic criteria examined were: neutrophilic inflammation, 0.845 to 0.935; gastritis sufficient to displace
glands, 0.919 to 0.943; and epithelial metaplasia, 0.650 to 0.799. Comparison of scores in different experimental groups by analysis
of variance and Fisher least significant difference tests revealed significant differences between infected and uninfected groups
and between immunodeficient and immunocompetent groups. We propose that this system may be useful in standardizing the
morphologic evaluation of rodent models of H. pylori and that a similar system could be devised for evaluation of other animal
models of enteric disease.

Abbreviations: SCID, severe combined immunodeficient mice (C57BL/ 6]-Prkdc™?); rSCID, recipient SCID (SCID mouse given congenic

splenocytes by adoptive transfer); PMN, polymorphonuclear leukocytes (neutrophils); PI, postinfection; PT, post-transfer

Microscopic examination of anatomic lesions in tissues has
been used experimentally since reliable methods for fixation and
microscopic examination became available. As biomedical re-
search has become more quantitative, investigators have sought
reliable methods for quantifying morphologic lesions, so that
groups might be compared statistically or at least more objec-
tively. Because by its nature pathologic diagnosis is subjective
and dependent on tissue handling, fixation, and other methodo-
logic considerations for its reproducibility, quantification has been
challenging.

Histologic lesions in tubular organs such as the gastrointesti-
nal tract are particularly difficult to quantify for a variety of rea-
sons. When gastrointestinal samples are placed into formalin, the
muscularis contracts variably, resulting in distortion of the tissue,
which complicates embedding, and shrinkage in length, so that
total length is not comparable between tissue preparations When
gastrointestinal tissue is cut and embedded, the distance between
glands and the number of cells per unit area vary depending on
how much that particular sample contracted during fixation. In
addition, intestine is a complex tissue with many diverse cell pop-
ulations and microcompartments, which differ not only between
histologic sections but also along the linear axis of the tissue.
Therefore care must be taken to sample exactly the same region
of tissue in each and every animal. Because macroscopic anatomic
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landmarks may not be available to facilitate the necessary preci-
sion, sampling of intestinal tissue is difficult.

Because of the difficulty of quantification, investigators de-
velop semiquantitative scoring systems for gastrointestinal le-
sions whereby subjective evaluations of, for example, intensity
of inflammatory infiltrate are graded (for example, as none, mild,
moderate, or severe) blindly by an experienced histopathologist,
and the scores are converted into numbers (0, 1, 2, 3) which can be
averaged and compared across groups.

Scoring of gastric lesions due to Helicobacter pylori is most com-
monly done using semiquantitative systems.”3141619 H. pylori is
a human bacterial pathogen that is associated with gastritis, pep-
tic ulcer disease, and gastric cancer. In C57BL/6 mice, H. pylori
causes slowly progressive chronic gastritis that is detectable by 8
to 12 wk after inoculation and progresses to severe proliferative
gastritis with epithelial metaplasia by 6 mo after inoculation.?
In immunodeficient mice that have been reconstituted by adop-
tive transfer of congenic splenocytes, this gastritis is severe and
rapidly progressive.8 The severity of lesions varies according to
duration of infection, mouse strain, bacterial strain, and bacte-
rial virulence factor expression>%121419 and therefore scoring of
histologic lesions in mice is commonly employed. The various
semiquantitative scoring methods used are often very accurate
when performed by the same observers in the same laboratory,
but can be difficult to compare between observers and between
laboratories. Scoring criteria may differ between laboratories, and
investigators often disagree regarding features that differentiate
the severity of lesions. In addition, many laboratories use scor-
ing systems that are modified from systems developed for other
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models or based on lesions in human tissue but are not validated
for relevance to the model in which they are applied.1”2022

For all of these reasons, quantitative scoring of histologic le-
sions in animal models of H. pylori is difficult to perform and in-
terpret. Nevertheless, standardized approaches to determining
differences in treatment groups are increasingly vital for evalu-
ation of animal model systems and for identification of changes
that merit mechanistic study. Therefore, standardized, biologi-
cally relevant, reproducible scoring systems that can readily be
used for comparison of results between different laboratories are
needed. The goal of this study was to evaluate a scoring system
for gastric lesions of H. pylori in mice. The system was intended
to be 1) easy to perform, 2) reproducible across tissues and ob-
servers, 3) easy to learn and transfer between laboratories, and 4)
predictive of disease status.

Materials and Methods

Investigators. Four different investigators (‘readers’), who were
blinded regarding experimental group, evaluated the slides and
scored them according to the criteria described later. Three of
the readers were board-certified veterinary pathologists, and the
remaining one was a microbiologist with extensive experience
in evaluating animal models of H. pylori. Three readers were ac-
tively involved with H. pylori research, and 1 (a board-certified
pathologist) was not. The 4 readers scored the same set of coded
slides and reported the results according to the code number on
each slide. When all readers had scored all the slides, the results
were tabulated.

Scoring system. The system was based on a protocol developed
by one of the readers and modified by agreement of all 4 readers
as follows. All 4 readers examined a subset of the available slides
after having read a description of the scoring system, and then
they all met to review the slides and agree on a modified scoring
system. The essential elements were that the system would be
objective (not requiring estimates of severity), include elements
of both inflammation and epithelial changes, and permit quan-
titation of large numbers of slides rapidly but reproducibly with
minimal observer fatigue.

The examination protocol and scoring system were as fol-
lows. Each glass slide contained sections of well-oriented gastric
glandular mucosa that extended along the greater curvature of
the stomach from cardia to pylorus (Figure 1). The readers ex-
amined all sections in their entirety by use of an objective lens
with magnification of x20 (total magnification, x200). Only fields
that contained full-thickness gastric mucosa that was oriented
perpendicularly were scored. Because of the method of tissue
preparation (described later), most fields could be scored. Only a
few fields per slide either lacked the full thickness of the mucosa
or were poorly oriented and therefore could not be scored. The
number of fields scored per slide (mean * 1 standard deviation)
was 19.2 £ 6.4.

Each %200 microscopic field was scored separately for the pres-
ence or absence of each of the following 3 histologic criteria: 1)
neutrophilic infiltration (polymorphonuclear leukocytes [PMN]),
2) gastritis, and 3) epithelial metaplasia. An important aspect of
the scoring system was that no attempt was made to grade se-
verity of the change. Each microscopic field was scored only for
presence or absence of the lesion according to the agreed-upon
definition, and the results were reported as the percentage of
fields affected on each slide. The histologic criteria scored were
defined as follows:

58

Ay

Figure 1. Hematoxylin and eosin-stained section of a well-oriented 5-um
histologic section of gastric mucosa. The majority of the section is per-
pendicular to the axis of the glands and includes the full thickness of the
mucosa. The section extends from the cardiac junction (arrow) through
the pylorus (not shown). Bar, 1 mm.

Neutrophilic inflammation was defined as the presence of at
least several clusters of neutrophils within the mucosa. A cluster
was defined as 3 or more contiguous cells (that is, an imaginary
straight line between their nuclei would not cross any other cells).
The actual number of clusters was not defined, but this factor did
not present a problem because clusters were either numerous or
absent. Gland displacement was not a requirement for scoring a
field positive for PMN.

Gastritis was defined as inflammatory cell infiltrate (any cell
type) that was sufficient to displace gastric glands. Epithelial
metaplasia was defined as any evidence of loss of parietal cells
with replacement by mucus-type cells. For each slide the number
of positive fields (fields in which the lesion was present) was di-
vided by the total number of fields in the section and multiplied
by 100% to calculate the percentage of affected fields.

Preparation of tissue samples. To minimize variability, all stom-
achs were processed in the same way by the same person. Stom-
achs were removed from the mice immediately after death and
bisected along the greater and lesser curvatures. The stomachs
were placed serosa-side down on absorbent paper, and 2 adjacent
full-thickness longitudinal strips were removed from the greater
curvature, placed in a tissue-processing cassette, and immersed
in neutral buffered formalin. Each strip included the junction of
glandular and nonglandular mucosa on the proximal end and
extended into the proximal duodenum at the distal end, although
only the gastric mucosa was scored. The strips remained adhered
to the paper throughout processing, ensuring that the tissue
would not curl during formalin fixation and dehydration. The
sections were processed routinely in an automatic processor and
embedded in paraffin such that they could be cut to include well-
oriented cross-sections of the entire mucosa that spanned from
cardia to pylorus in so far as possible; 5-um sections were stained
with hematoxylin and eosin.

Mice. The sections examined were from female specific patho-
gen-free (including helicobacters) C57BL/6] and B6.CB17-Prkdc-
scid /Sz] (severe combined immunodeficient [SCID]) mice from
several different studies.®® In all studies, mice were 6 to 8 wk old
when infected, and uninfected controls were age-matched. Age
at euthanasia depended on the duration of the individual ex-
periment, as indicated in Results. Mice were housed in standard
isolator cages and offered water and lab chow ad libitum. Some
groups of SCID mice received congenic splenocytes by adoptive
transfer as previously described.® For this, splenocytes were iso-
lated by disaggregation, washed, and adjusted to 1 x 107 viable
cells/ml, and 0.1 ml per mouse was administered by intraperito-
neal injection.
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Three categories of mice were included: 1) mice that were not
expected to have gastric lesions (uninfected C57BL /6] mice, unin-
fected SCID mice, and H. pylori-infected SCID mice that were not
adoptively transferred); 2) mice that, based on previous experi-
ence,>® were expected to have moderate gastric lesions (H. pylori-
infected C57BL/6] mice); and 3) mice expected to have severe
gastric lesions (H. pylori-infected SCID mice that had received
congenic splenocytes by adoptive transfer [recipient SCID mice,
rSCID]). Infection by H. pylori was established by oral gavage and
demonstrated in all cases by culture.>® In experiment 1, all 4 read-
ers scored sections from 146 mice as described. In experiment 2,
a single reader scored 314 additional sections by use of the same
scoring system. All procedures involving animals had been ap-
proved by the Ohio State University Laboratory Animal Care and
Use Committee.>8

Statistics. Values were calculated using Statview for Windows,
V. 5.0.1 (SAS Institute, Inc.) To compare the level of agreement
between investigators in experiment 1, a mean score for each slide
was calculated for each histologic lesion. These mean scores were
plotted against the individual scores for each investigator, and lin-
ear regressions were calculated. Values of R? (goodness of fit) and
P values for the slope of the regression line are indicated. To deter-
mine biologic relevance of the scoring system, group means were
compared by analysis of variance with the Fisher Least Significant
Difference post-test to compare individual groups. We assigned
a threshold of P < 0.05 for statistical significance. Finally, mean
scores in experiment 1 and individual scores in experiment 2 were
evaluated to determine whether there were ranges of scores that
included all or most of the animals in specific treatment groups.

Results

Histology. Figure 1 illustrates the overall appearance of the sec-
tions. Each slide contained linear full-thickness sections of stom-
ach embedded and cut as closely as possible to the perpendicular
axis. Figure 2 demonstrates an example of 2 fields that would
be scored positive for PMN. The box in Figure 2 A indicates a
large cluster of neutrophils. In Figure 2 B, inflammatory infil-
trate containing a mixture of cell types, including neutrophils,
displaces much of the base of the gastric epithelium. To be scored
as positive for PMN, the field had to have contained at least sev-
eral clusters as indicated in Figure 2 A. However, the range in
intensity of the infiltrate, as illustrated by the 2 examples, was not
included in the score; thus, both Figure 2 A and 2 B were scored
as positive. Similarly, Figure 3 demonstrates the range of gastric
gland displacement by inflammatory infiltrate, scored as gastri-
tis. Displacement that was mild as in Figure 3 A or severe as in
Figure 3 B was scored as positive, but fields containing scattered
inflammatory cells that did not displace glands (Figure 3 C) were
scored as negative for gastritis. Infiltrates included mixtures of
lymphocytes, plasma cells, and neutrophils, but individual cell
types were not recorded for the gastritis score. Figure 4 illustrates
the appearance of metaplastic gastric epithelium. Normal fundic
glands contain mostly parietal cells and chief cells with a zone of
mucus cells confined to the surface and superficial pits. Fields that
were scored as positive for metaplasia contained at least 1 gland
in which mucus type cells were present deep in the glands and re-
placed the normal parietal cells or chief cells or both (Figure 4 A).
Often the metaplastic change was severe, resulting in complete
replacement of normal gastric glands with metaplastic glands
(Figure 4 B). Sections with widespread metaplasia as shown in
Figure 4 B also contained intense inflammatory infiltrates.

Histologic scoring of gastritis in mice

. > LA™
Figure 2. Subsets of histologic fields that were scored positive for PMN.
(A) The box indicates a large cluster of neutrophils is indicated; several
additional smaller clusters are present in the field. This level of infiltration
is mild. (B) Inflammatory infiltrate, including many neutrophils, forms
a band across the base of the gastric mucosa. This level of infiltration is
moderate to severe. Regardless of the severity of infiltrate, both fields
were scored simply as positive, for the purposes of this study. In addition,
all sections were scored at X200 magnification; for illustrative purposes,
only partial fields are shown. Bar, 20 pm.

Experiment 1—agreement between investigators. The level of
agreement among readers was determined by linear regression
comparing the individual and mean scores for each slide for each
of the 3 histologic criteria. For this comparison, each reader’s
scores for each investigator were averaged, and each slide was as-
signed 3 average scores, 1 for each histologic criterion (PMN, Gas-
tritis, Metaplasia). We then plotted each reader’s scores against
the average and calculated a linear regression. Figure 5 shows the
regression plots of reader A’s scores plotted against mean score.
Plots for the other 3 readers were similar (not shown). Table 1
shows the correlation coefficients, slopes, and P values of the re-
gressions for each reader for each histologic criterion. As Table 1
shows, this analysis indicated that with 1 exception (discussed
later), the readers’ scores agreed well.

Agreement between all readers was highest for PMN. Values
of R? for PMN were all greater than or equal to 0.845, indicating
good correlation between each individual reader and the mean
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Figure 3. Displacement of gastric glands by inflammatory infiltrate, which
was scored as gastritis. (A) Mild displacement by small clusters of inflam-
matory cells in the superficial and deep mucosa (arrows). Bar, 40 um. (B)
Lower magnification of Figure 2 B shows widespread displacement of
the base of glands and extension into the superficial mucosa. Bar, 40 um.
Both A and B were scored as positive for gastritis. (C) Small clusters of
lymphocytes that do not displace gastric glands (arrows). This field was
scored as negative for gastritis. Bar, 20 um.
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Figure 4. Fields that were scored as positive for metaplasia. (A) Arrows
indicate parts of glands in which parietal cells are reduced in number or
absent and are replaced by mucus-type cells. (B) More extensive metapla-

sia in which most of the glands are replaced by mucus-type epithelium.
Arrows indicate scattered retained parietal cells. Bar, 20 um.

scores. Correlation was lower and more variable for metaplasia,
for which R? values ranged from a high of 0.799 (reader A) to a low
of 0.650 (reader C). For gastritis, 3 of the readers agreed well (R?
ranged from 0.874 to 0.885), but reader B differed markedly, dem-
onstrating minimal correlation with the mean values. Retrospective
evaluation revealed that this reader inadvertently had used a dif-
ferent scoring system for gastritis than the one used by the other 3
readers. Recalculation of the mean scores without reader B’s scores
revealed a better correlation for the scores of readers A, C, and D
and the mean (R?>=0.943, 0.926, and 0.919 for readers A, C, and D,
respectively). Reader B’s scores correlated poorly (R?=0.356).
Biologic relevance of the scores. Statistically significant agree-
ment among scores is only useful if the scores reflect a meaning-
ful aspect of the pathobiology, such as infection or mouse strain.
To determine whether scores reflected biologic relevance, we as-
signed the scores to experimental groups, as shown in Figure 6.
The uninfected mice, mice that were infected for a short period
of time, and SCID mice that had no adaptive immune response
showed few lesions, whereas mice that were infected for longer
periods of time had more extensive lesions. Analysis of variance
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Figure 5. Correlations between mean scores and reader A scores for (A)
PMN, (B) gastritis, and (C) metaplasia. Correlation coefficient (R?), slope of
correlation line, and P value for the slope are given. Correlation coefficient,
slope, and P value for all the readers’ scores are included in Table 1.

revealed significant differences (P < 0.05) among the groups for
all 3 histologic criteria, for infected and uninfected mice, and for
mice with and without adaptive immune responses. Groups with
statistically similar scores were identified by Fisher Least Signifi-
cant Difference. For this evaluation, the mean scores of 3 groups—
uninfected C57BL/6] mice, infected C57BL /6] mice killed 16
wk after inoculation, and infected SCID mice killed 12 wk after
adoptive transfer—were chosen (in light of previous studies”?8)
to represent unaffected, moderately affected, and extensively af-

Histologic scoring of gastritis in mice

Table 1. Correlations between mean score and reader score for PMN,
gastritis, and metaplasia

Lesion Reader R? Slope of regression line
PMN
A 0.935 1.034
B 0.845 0.948
C 0.922 1.018
D 0.873 0.916
Gastritis
A 0.844 1.180
B 0.542 0.945
C 0.876 1.026
D 0.872 1.234
Metaplasia
A 0.799 0.862
B 0.768 1.373
C 0.650 0.950
D 0.652 0.776

In all cases, the P value for the slope of the regression line was <0.001.

fected animals, respectively. Groups were categorized as N (no
lesions, not statistically different from uninfected C57BL/6 mice),
M (moderate lesions, not significantly different from C57BL/6
mice killed 16 wk after inoculation), and E (extensive lesions, not
significantly different from recipient SCID mice killed 12 wk after
transfer). Groupings are indicated by letter in Figure 6; groups
that were statistically identical with more than one of the severity
categories (N, M, or E) are not assigned a category in Figure 6. In
all histologic categories, uninfected mice and immunodeficient
mice (SCID mice with or without H. pylori) were in group N (no
lesions), and H. pylori-infected rSCID mice were in group E (ex-
tensive lesions). C57BL /6] mice killed 8 wk after inoculation fell
into the N group, consistent with previous findings by our labo-
ratory’® and others!? that gastritis develops slowly in these mice.
Most of the M group animals were infected C57BL/6] mice and
uninfected rSCID mice, consistent with previous findings that
mild to moderate gastritis develops over several months in in-
fected C57BL/6] mice and rSCID mice develop high background
lesions even in the absence of H. pylori infection.®

To determine whether individual animals could be identified
as uninfected or immunodeficient based on histologic score alone,
we used the means and standard deviations for specific groups to
set cutoff values for the presence or absence of lesions. Because
uninfected C57BL/6] mice are expected to have some background
inflammation but should not have lesions attributable to H. pylori
infection, the mean score of this group was taken as a baseline to
indicate no disease. Any value 2 standard deviations higher than
the mean of uninfected C57BL /6] mice was taken to indicate a bi-
ologically significant lesion. For example, because the PMN score
(mean + 1 standard deviation) for all 22 uninfected C57BL/6]
mice was 13.6% * 14.0%, any value greater than or equal to 42%
was considered to be an inflammatory infiltrate of at least mod-
erate extent. Scores less than 42% were defined as background
(no significant lesions). To distinguish between moderate and
widespread disease groups, we used the mean scores for infected
C57BL/6] mice killed 16 wk after inoculation. Because previous
work revealed moderate gastritis in these mice,?8 scores 2 stan-
dard deviations greater than the mean of this group were defined
as widespread disease. Table 2 indicates the cutoff values for no
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Figure 6. Mean scores for each experimental group, experiment 1. In each group, uninfected mice and SCID mice had lower mean scores for all 3 his-
tologic criteria than did infected and immunocompetent mice. Infected recipient SCID (rSCID) mice had the highest mean scores of all groups. In each
histologic category, groups were categorized statistically as having no lesions (N), moderately extensive lesions (M), or extensive lesions (E). * = Group
N, 1 = Group M, § = Group E. In C57BL/6] mice, infection resulted in development of moderate lesions, and adoptive transfer in infected mice led to
development of extensive lesions. (A) Infected and uninfected SCID and rSCID mice. (B) Infected and uninfected C57BL/6] mice. PI, postinfection; PT,

post-transfer.

Table 2. Cut-off values used to define disease categories for each
histologic criterion

Proportion (%) of affected mucosa used to define
disease level

Lesion No disease Disease present Widd'espread
isease
PMN <42% >43% >60%
Gastritis <21% 222% >56%
Metaplasia <7% >8% >26%

disease, moderate disease, and widespread disease for each of the
3 histologic criteria.

Using these criteria we determined whether presence of mod-
erate or widespread disease correlated with mouse group. For
experiment 1, the percentage of each group that fell within each
disease category (not present, present, or present and widespread)
is indicated in Table 3. Like Figure 6, Table 3 indicates that among
uninfected and infected SCID mice generally fewer than 10% of
the animals had biologically significant lesions. Some uninfected
rSCID mice had lesions in some categories, reaching up to 50% in
the case of gastritis in mice killed 12 wk after inoculation; how-
ever, none of these mice had widespread lesions. As described
earlier, H. pylori-infected rSCID mice formed a group in which at
least 80% of mice had lesions, and most had widespread lesions.
The other groups (uninfected rSCID mice and infected C57BL/6]
mice) varied in the percentage of animals with lesions, consistent
with previous findings indicating that inflammation is moderate
and variable under these conditions.”?

Combining scores from all 3 histologic lesions resulted in a
clear division into 3 groups. One group consisted of the uninfect-
ed C57BL/ 6] mice, nonrecipient SCID mice (infected or not), and
uninfected rSCID mice killed 4 or 8 wk after inoculation: none
of these mice had lesions in any of the 3 categories (Table 3). H.
pylori-infected rSCID mice, which had the highest percentage of
animals with lesions in all 3 categories (more than 80%) formed
a second group. Infected C57BL /6] and uninfected rSCID groups
killed 12 wk after transfer formed a third group with variable le-
sions. Between 10% and 50% of the mice in the second 2 groups
had lesions in all 3 histologic categories.

To further evaluate the biologic relevance of the scoring system,
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we applied it to a second study. In experiment 2, a single reader
(reader A) scored 314 mice in various infection groups. The 2 stud-
ies differed in that 1) experiment 2 was scored by a single investi-
gator, and 2) the experimental mouse groups differed somewhat.
Experiment 2 included chronically infected C57BL/6] mice (killed
6 mo and 1 y after inoculation), and some of the groups exam-
ined in experiment 1 were not included (Figure 6). Figure 7 shows
that the range of scores per group in experiment 2 were similar
to those of experiment 1. Uninfected and immunodeficient mice
had the lowest scores, and H. pylori-infected rSCID mice had the
highest scores. In experiment 2, the timing of euthanasia differed
slightly from that in experiment 1, so that N, M, and E designa-
tions were based on uninfected C57BL /6] mice, C57BL /6] mice
killed 12 wk after inoculation, and H. pylori-infected rSCID mice
killed 8 wk after transfer, respectively. By use of the same cutoff
values for presence and extent of disease as in experiment 1, ex-
periment 2 revealed similar results in that disease largely was not
present in uninfected and immunodeficient mice, and mice with
widespread lesions were mostly H. pylori-infected rSCID mice
(Table 4). Infected C57BL/6] mice killed 6 mo or 1 y postinocula-
tion also fell into the group with extensive lesions, consistent with
previous findings of progressive gastritis in these mice.”313

Discussion

The results of the present study demonstrate that the scoring
system we described is reproducible between readers and experi-
ments and accurately reflects biologically significant changes in
a mouse model of H. pylori-associated gastritis. These findings
are important for 2 reasons. First, the recent rapid rise of the use
of mice and other rodents in the study of disease due to H. pylori
has been accompanied by a large number of different scoring sys-
tems for histologic lesions,>*12141619 Jeading to confusion and
difficulty when comparing results between laboratories. Second,
because some of these systems are based on lesions in human
tissues”!? or have not been examined for biologic relevance, they
are difficult to interpret.

Quantitation of gastric lesions due to naturally occurring H.
pylori-associated disease in humans is most commonly done sub-
jectively by means of the Updated Sydney System.4 In this system
a specified number of gastric biopsies from specific sites in the
stomach are examined and scored based on a published visual
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Table 3. Percentage of mice in each group with lesions not present, present, or present and widespread—experiment 1

PMN Gastritis Metaplasia All 3 lesions
Group N None Present Widespread None Present Widespread None Present Widespread present
Uninfected and SCID
Uninfected C57BL/6] 22 95 5 0 95 5 0 95 5 0 0
Uninfected SCID 22 95 5 0 100 0 0 100 0 0 0
Infected SCID 32 100 0 0 100 0 0 100 0 0 0
Uninfected recipient SCID
Uninfected recipient SCID 4 wk PT 15 87 13 0 60 40 0 100 0 0 0
Uninfected recipient SCID 8 wk PT 5 80 20 0 100 0 0 100 0 0 0
Uninfected recipient SCID 12 wk PT 6 67 33 0 50 50 0 67 33 0 17
Infected C57BL/6]
Infected C57BL/6] 8 wk PI 10 90 10 0 60 40 0 90 10 0 10
Infected C57BL/6J 12 wk PI 6 83 17 17 50 50 0 67 33 17 17
Infected C57BL/6] 16 wk PI 6 50 50 50 17 83 0 33 67 67 50
Infected recipient SCID
Infected recipient SCID 4 wk PT 10 10 90 90 0 100 70 10 90 50 90
Infected recipient SCID 8 wk PT 5 20 80 80 20 80 40 20 80 40 80
Infected recipient SCID 12 wk PT 7 14 86 86 0 100 57 0 100 71 83
PI, postinfection; PT, post-transfer.
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Figure 7. Mean scores for each experimental group, experiment 2. As in experiment 1, uninfected mice and SCID mice had the lowest scores, and H.
pylori-infected recipient SCID (rSCID) mice had the highest scores. In each histologic category, groups were categorized statistically as having no lesions
(N), moderately extensive lesions (M), or extensive lesions (E). *=Group N, I = Group M, § = Group E (A) Infected and uninfected SCID and recipient
SCID mice. (B) Infected and uninfected C57BL/ 6] mice. PI, postinfection; PT, post-transfer.

analog scale, which is an artist’s depiction of inflammatory infil-
trate, bacteria, and epithelial changes (metaplasia and atrophy).
This system is widely used for both diagnostic and investiga-
tional purposes; however, it is influenced by observer subjectiv-
ity, and its reproducibility has been questioned.'*!? The Sydney
system occasionally is adapted for use with animal models,'”
202 put it has not been validated for use in animals and probably
is not applicable because 1) it is based on examination of gastric
biopsies from specific anatomic sites (typical of clinical material
from human patients) rather than large regions of mucosa (typi-
cal of animal tissues from experimental studies), and 2) lesions
in animals may differ from those in humans. For this reason,
other semiquantitative methods have been developed by many
laboratories.37121416:19 Al] of these are based on quantitation of
subjective pathology scores, and they vary markedly, hindering
attempts to compare lesions between studies. In addition, with
few exceptions,?! the relevance of the resulting scores to disease

status in the animals has not been evaluated. Therefore, a stan-
dardized protocol for scoring of gastric lesions in animal model
studies of H. pylori-associated disease could facilitate comparisons
between published studies.

Our study illustrates a general approach to developing and
evaluating a system for quantifying histologic lesions in a tissue
that does not easily support morphometric evaluation. Traditional
morphometric methods involve precise quantification of tissues
that have been carefully prepared to minimize variability between
specimens and use cell counts or computer-based measurements.
Even these approaches include variability due to specimen prepa-
ration and require some amount of observer variation, at least in
the selection of microscopic fields or lesions to quantify.'"18 The
recent explosion in the use of animal models, particularly mouse
models, of enteric disease has led to a need for improved methods
of analysis of morphologic findings. The experiments we report
here indicate that such scoring systems can be developed. We sug-
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Table 4. Percentage of mice in each group with lesions not present, present, or present and widespread—experiment 2
PMN Gastritis Metaplasia All3
lesions
Group N None Present Widespread None Present Widespread None Present Widespread present
Uninfected and SCID
Uninfected C57BL/6] 77 99 1 0 97 3 0 99 1 0 0
Uninfected SCID 25 100 0 0 100 0 0 100 0 0 0
Infected SCID 28 92 4 4 93 7 7 93 7 4
Uninfected recipient SCID
Uninfected recipient SCID 4 wk PT 5 100 0 0 100 0 0 100 0 0 0
Uninfected recipient SCID 8 wk PT 40 57 43 30 70 30 10 80 20 8 15
Infected C57BL/6]
Infected C57BL/6J 8 wk PI 8 100 0 0 75 25 13 75 25 0 0
Infected C57BL/6J 12 wk PI 18 89 11 0 50 50 17 50 50 22 11
Infected C57BL/6] 6 mo PI 10 20 80 30 0 100 40 10 90 60 50
Infected C57BL/6] 1y PI 13 8 92 77 15 85 85 8 92 92 85
Infected recipient SCID
Infected recipient SCID 4 wk PT 29 48 52 38 45 55 31 55 45 7 28
Infected recipient SCID 8 wk PT 61 13 87 80 12 88 63 20 80 59 59

PI, postinfection; PT, post-transfer.

gest that similar systems for other enteric disease models could be
devised based on the principles described in this study.

Our data indicate that scoring of the percentage of affected
fields rather than subjectively estimating severity of infiltrate re-
sults in both good agreement among readers and good correla-
tion with treatment group. However, the degree of agreement
between readers varied for the different histologic criteria. The
highest level of agreement was in evaluation of neutrophilic in-
filtration, perhaps because this criterion was the best defined and
thus easiest to score. The explanation for the marked difference
in gastritis scores between reader B and the other 3 readers was
that reader B failed to observe the requirement for gland displace-
ment as a prerequisite for a positive gastritis score. Further in-
vestigation after the slides were scored revealed that this reader
had scored fields with any inflammatory cells at all as positive
for gastritis. In retrospect, the definition of gastritis as requiring
gland displacement should have been stressed prior to the study.
Eliminating the scores from reader B resulted in high agreement
among the other three scorers, indicating that scoring of gastritis
was accurate when the criteria were made clear to the readers.

Metaplasia scores were the most variable between readers. The
reason for this variability is unclear. In the initial discussions to
establish scoring criteria, metaplasia was the most difficult crite-
rion to define, perhaps confusing consensus opinion as to what
constituted a metaplastic gland. Diagnosis of metaplasia thus
may have required some level of subjective judgment, such that
variation in the experience or individual biases of the 4 readers
led to differences in diagnosis. Alternatively, perhaps metaplasia
was difficult to recognize when only a few metaplastic glands
were present, and readers simply scored these fields differently.
Recognition of metaplastic glands appeared to be more difficult
than recognition of inflammatory infiltrate in tissue, and the use
of metaplasia as a scoring criterion for gastritis may or may not be
useful in comparisons between laboratories.

Comparison of group means in both experiment 1 and experi-
ment 2 revealed significant group differences associated with im-
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mune or infection status. Uninfected and immunodeficient groups
in all cases had mean scores that were significantly lower than
comparable infected or immunocompetent groups. In addition to
group mean scores, the individual animal scores in both experi-
ment 1 and experiment 2 reliably identified animals in the differ-
ent treatment groups. Uninfected animals and animals without an
adaptive immune response had scores that fell below a specified
value for PMN, gastritis, and metaplasia. Similarly, animals with
lesions above a defined value for PMN, gastritis, and metaplasia
were with few exceptions in either C56BL/6 mice infected for 6
mo or more or infected rSCID mice. These results are compatible
with those of previous studies that demonstrate minimal gastritis
in uninfected mice; moderate, slowly progressive gastritis in H.
pylori-infected C57BL/6] mice; and severe, rapidly progressive
gastritis in H. pylori-infected rSCID mice.”#13

In summary, we have described a scoring system for H. pylori-
associated gastritis in mice that is reproducible between readers
and accurately reflects the disease status of the mice. These data
demonstrate that 1) this method is biologically and statistically
valid for comparison of H. pylori-infected mice and 2) histologic
lesions can be quantified reproducibly in conventionally pre-
pared sections of mouse stomach. Widespread use of this system
to score histologic lesions in rodent stomachs and similar systems
to score gastrointestinal lesions in other animal models of enteric
disease could improve agreement among laboratories and facili-
tate comparison of results.
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