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INTRODUCTION
Diagnosis includes collation of data regarding patients’ 
clinical histories and initiation of appropriate treatment. 
The field of internal medicine has immensely expanded 
in the post-war years owing to both improved knowledge 
and the advances in techniques for sampling tissues from 
conscious subjects. Biopsies of the bone marrow, kidney, 
and liver can now be performed (1-3), enabling substantial 
consolidation of clinicopathological correlations. 

The gastric mucosa was first obtained in 1949 by Wood 
(4), closely followed by intestinal biopsies (5) and severe 
celiac lesion recognition by Shiner. Histological interpre-
tations of “atrophy” (6) were most likely influenced by 
true gastric atrophy of pernicious anemia. The resem-
blance between the two lesions is admittedly striking. 
Addisonian pernicious anemia is associated with life-long 
and irreparable loss of intrinsic factor secretion, which is 
exemplary of a true autoimmune damage to the gastric 
mucosa; in contrast, mucosal changes of gluten sensitiv-
ity are not due to autoimmune destruction as they are 
reversible. Nonetheless, parenthetically, previous inves-
tigations have shown that approximately 50% patients 
with celiac disease (CD), dermatitis herpetiformis (DH), 

or tropical sprue were hypochlorhydric or achlorhydric (7) 
(Table 6.4; P. 179).

Subsequently, Shiner reported additional subjective cat-
egories of “partial,” “subtotal,” and “total” villous atrophy 
(8), although the precise criteria were never defined, and 
against which uncertainties arose. First of all, there is 
considerable confusion regarding the variable and some-
times modest changes seen across the duodenum, jeju-
num, and ileum in CD and cognate enteropathies, such 
as tropical sprue (9); second, Anderson’s demonstration 
of villous recovery with gluten restriction (10) strongly 
proved that atrophy was not a causal mechanism. None-
theless, based on flawed histological interpretation, the 
inappropriate diagnostic usage of the term “atrophy” has 
survived for over 60 years. 

We might question the reason for the continued use of 
this term in the present day diagnostic histopathology, 
thereby rendering it an entirely subjective enterprise. 
Imagine the following: without any universally agreed 
quantitative guidelines, how do we distinguish “subtotal” 
from partial villous atrophy? Finally, whether all followers 
of Shiner realize this point, it should be understood that 
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REVIEW

ABSTRACT
The diagnosis of celiac disease (CD) no longer rests on a malabsorptive state or severe mucosal lesions. For the present, diagnosis will always 
require the gold-standard of a biopsy, interpreted through its progressive phases (Marsh classification). Marsh classification articulated 
the immunopathological spectrum of gluten-induced mucosal changes in association with the recognition of innate (Marsh I infiltration) 
and T cell-based adaptive (Marsh II, and the surface re-organisation typifying Marsh III lesions) responses. Through the Marsh classification 
the diagnostic goalposts were considerably widened thus, over its time-course, permitting countless patients to begin a gluten-free diet 
but who, on previous criteria, would have been denied such vital treatment. The revisions of this classification failed to provide additional 
insight in the interpretation of mucosal pathology. Morever, the subclassification of Marsh 3 imposed an enormous amount of extra work on 
pathologists with no aid in diagnosis, treatment, or prognosis. Therefore, it should now be apparent that if gastroenterologists ignore these 
sub-classifications in clinical decision-making, then on that basis alone, there is no need whatsoever for pathologists to persist in reporting 
them. Since new treatments are under critical assessment, we might have to consider use of some other higher level histological techniques 
sensitive enough to detect the changes sought. A promising alternative would be to hear more voices from imaginative histopathologists 
or morphologists together with some more insightful approaches, involving molecular-based techniques and stem cell research may be to 
evaluate mucosal pathology in CD. 
Keywords: Celiac disease, classification, duodenal mucosa, histopathology, morphometry 
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Shiner’s definition of “atrophy” inevitably commits its 
users to the false concept that each villus is individually 
reduced to nothing as the mucosa deteriorates. Instead, 
the remains of villi appear to constitute a various struc-
tures (convolutions and mosaic plateau) down the line, 
with the surface epithelia lying well above the openings 
of individual crypt tubes (Figure 1). 

(a) Surfing the surface: Insights from above
Two further insights regarding the surface microstructure, 
with both interpretative and diagnostic values, have been 
provided. The first was based on wax modeling of “control” 
mucosa (11) and revealed that individual crypts open into 
“basins;” the latter was described as collectively opening 
into larger, surface wells approximately 200 µm in diam-
eter. This complex microgeometry indicates that crypts 
open onto the basal mucosal surface neither directly nor 
vertically; instead, they are often angulated in their upper 
reaches while connecting to their respective basins. Such 
long-forgotten observations contraindicate the concept 
of a villus-crypt unit, because given that a single villus may 
be surrounded by 20 crypt tubes or more, the question of 
which villus with respect to which crypts arises (12). In the 
two-dimensional approach of conventional histopathol-

ogy, the small intestinal mucosal architecture is charac-
terized by villi and crypts lying side-by-side on the vertical 
plane, thereby justifying the concept of villus/crypt ratios 
for practicing pathologists.

The second observation highlighted inter-villous ridges 
and their capacity for progressive, upward growth in se-
verer lesions (13,14). These ridges form a series of criss-
cross elevations across the mucosal surface, leading to a 
mucosal “ground plan” from which villi originate, as re-
vealed by scanning electron microscopy (EM) (15) (Figure 
1, 2). Moreover, as flattening occurs, their thickening cou-
pled with upward growth leads to the amalgamation of 
villi, a process that avoids necrosis of intervening epithelia 
via the amalgamation of adjacent villi (Figure 1a, b).

(b) Forget mucosal atrophy
During the process of villous amalgamation, linear convo-
lutions and finally distinct islands or a mosaic plateau (16) 
with variable heights of approximately 80-200 µm are 
formed (Figure 1). Lying immediately below their surface, 
epithelial coverings are healthy enterocytes expressing 
the specific brush border enzymes alkaline phosphatase 
and esterase (17). This critically emphasizes that convo-

Figure 1. These diagrams represent schematised accounts of the 
mucosal progression to “flattening”. The upper panel (a) gives some 

realistic indication of the reductions in mucosal height across the 
spectrum, from normal villi to the final mosaic platform. 

The lower panel (b) provides a coloured description of the gradual 
upward growth of the inter-villous ridges (red) and their relationship 
to the villi (green) which are progressively shortened, by ~65-70%. 

Ultimately, the mosaic comprises a mixture of hypertrophied ridges 
which amalgamate the adjacent reduced villi: this seems to be the 
only intelligible way of explaining how mosaic plateaux are formed. 
Mosaic platforms, although containing villous cells, do not comprise 

individual villi, and cross sections of these plateaux must not be 
misinterpreted as such. The differential heights (a) give the proper 

interpretative clue.

Figure 2. This is a plot, expressed as percentages on vertical axis, of 
over 3,000 biopsies classified as Marsh III a, b, c.  The means (non-
parametric) do not differ. However, the spread of individual values 
for each set of data is very wide, revealing their enormous variation 

in practice. Such classifications, however, have never been shown to 
have any real meaning.
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lutions and mosaic plateau comprise a villous territory, 
although villous projections are obviously not present (or 
visible) at this stage of mucosal remodeling despite many 
inaccurate claims to the contrary.

In summary, it should be clearly understood that the in-
terpretation of mucosal histopathology has been based on 
a flawed supposition of “atrophy.” Moreover, the current 
widespread but indiscriminate use of the term “atrophy” 
in mucosal interpretation and reporting no longer reason-
ably connotes the pathological process. Other informal 
terms, such as villous attenuation or attrition, shortening, 
and amalgamation, offer a much superior understanding 
and are thus obviously preferable. In other words, despite 
continuing claims or beliefs into that possibility, villi are 
never individually reduced to nothing. Hence, the apparent 
demonstration of villi of 1 µm in height by Taavela (18) is 
almost unbelievable. The epithelial covering alone would 
require at least a 35-µm (19) height; in contrast, a scanning 
EM has never revealed such miniscule structures. To allege 
otherwise is pure fantasy.

Clinical- and research-based consequences

Beyond Shiner’s legacy: Perhaps
From the beginning, celiac mucosae were deemed flat, 
although it was never argued upon how that flattening 
came about. The picture was subsequently further com-
plicated by lymphocytic infiltrates of the epithelium in DH 
(20). Here, the interpretational problem was to discover 
whether and how this paradoxical, gluten-induced lesion 
was related to or even connected with the flat celiac mu-
cosa. However, other clues, such as the fact that symp-
tomatic patients thought to have CD might first present 
with “normal” mucosae that flatten at a later period of fol-
low-up or reinvestigation, were also published (21,22); over 
time, loading treated patients with increasing amounts of 
gluten demonstrated a repeatable series of changes com-
prising villous infiltration by small lymphocytes, gradual 
crypt enlargement, and then flattening (23,24). Relatives 
of patients with CD could have (unrecognized) infiltrated 
mucosae and be largely asymptomatic (25); further, an in-
filtrated mucosae with crypt hyperplasia (26) was the out-
come in a mild, murine GVH model. All such changes were 
thought to be consistent (at the time) with T-cell-mediat-
ed activity (27).

(a) New classification reflecting mucosal immunopa-
thology
Based on the foregoing, it became evident (to one of the 
authors) that celiac mucosae exist in various forms; this 

indicated that in reflecting those changes, mucosae must 
necessarily evolve over time via “normal,” pre-infiltrative, or 
infiltrative±crypt hypertrophy and finally to a villous phase. 
Indeed, we know of no exceptions to this rule. This new 
classification (28,29) was published 30 years after the first 
biopsies were performed (1960), and the findings were 
corroborated by time/dose oral challenges (24,25). More-
over, abundant data are now available that attest to large 
numbers of patients with minimal-change lesions (Marsh 
0 and I/II) who whether symptomatic have experienced 
great improvement and shown mucosal normalization fol-
lowing gluten restriction. 

Any reference made by authors to early-change biopsies 
being described as non-specific, non-celiac, or inconsistent 
with published guidelines must be rejected. Indeed, pa-
tients with minimal-change biopsies not only have a higher 
mortality (30), but may also suffer severe symptoms and 
malabsorptive defects despite minimal histological chang-
es (31). This reaffirms the age-old adage that symptoms 
bear no relationship with the extent of tissue damage (32-

Infections	 Autoimmune associations

•	 HIV	 •	 MVID

•	 Tb	 •	 Autoimmune enteropathy

•	 Whipple’s disease	 •	 Collagenous enteropathy

•	 Bacterial overgrowth	 •	 IDDM

•	 Immunodeficiencies	 •	 Cerebellar ataxia

•	 Helicobacter pylori	 •	 Dermatitis herpetiformis

•	 Postinfectious diarrhoea	 •	 Sarcoidosis

Antigen-based	 Miscellaneous

•	 Tropical Sprue	 •	 Malnutrition

•	 GVHD	 •	 ZES enteropathy

•	 Parasitic	 •	 Lymphoma

•	 Giardiasis	 •	 Intestinal lymphangiectasia

•	 Cryptosporidiosis	 •	 Eosinophilic enteritis

•	 Enterocytozoon bieneusi	 •	 Crohn’s disease

		  •	 Collagenous enterocolitis

Drug-induced	 Food antigens

•	 Vinca	 •	 Gluten

•	 Olmesartan	 •	 Milk

•	 Neomycin	 •	 Egg

•	 Cytotoxic drugs	 •	 Soya

•	 Azothiopyrin	 •	 Fish

•	 Colchicine

•	 Ipilimumab

Table 1. Conditions associated with mucosal remodelling 
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34). A list of differential diagnoses associated with mucosal 
changes has been published, incidentally revealing that flat 
(Marsh III) lesions are also noticeably non-specific as well; 
perhaps, the categories listed should help those with con-
tinuing doubts or even uncertainties (Table 1).

We agree with Corazza and Villanacci (36) that the Marsh II 
stage (villous infiltration+crypt hypertrophy) had not been 
proven to be diagnostically beneficial; however, we retain 
it as reminder of its apparent pivotal role in heralding pro-
gression toward the end stages of mucosal remodeling 
(Marsh III), as panoramically displayed elsewhere (37). Few 
investigators seem to have comprehended that the Marsh 
classification is structural and does not address temporal 
characteristics. This finding is crucial considering that the 
Marsh II stage may be transient and thereby less likely to 
be encountered. It is also possible that the original Marsh 
II stage needed better clarification (38,39) to permit easier 
distinction between shortened villi with or without crypt 
hyperplasia. We know from public demonstrations that this 
stage is poorly recognized, thereby considerably bearing on 
the quality of histopathological training in mucosal inter-
pretation. Secondly, but more importantly, we do not know 
whether the Marsh I lesion always progresses at some fu-
ture time or whether it can also regress like lymphocytic 
insulitis in (female) NOD mice (40). The possibility that cir-
culating levels of islet-derived 3-alpha predict progression 
from the Marsh I/II to III stages is intriguing (41).

Taavela (19) reported that the Marsh classification “is of-
ten too imprecise (how often, and in what way, might we 
ask?) and ignores minor but significant changes in mu-
cosa.” Unfortunately, the “minor but significant changes” 
have not been highlighted. Moreover, Taavela considers 
that “validated (by whom?) continuous variables” are 
needed for mucosal studies. Curiously, the Marsh classi-
fication is reportedly sufficiently pliant for challenge pur-
poses (42-44). Note that this classification (in principle) 
could never have evolved by repeating Taavela’s “con-
tinuous variables” in the employment of (suspect) crypt/
villus ratios (in practice) and that the principle has not 
restricted the determination of variations in the mucosal 
structure through time or across patients’ disease histo-
ry, irrespective of severe childhood (45,46) or adult (25) 
enteropathies. There is nothing original or magical about 
continuous variables; everyone measures changing histo-
logical features all the time! 

(b) Mud in the waters: Austrian style with Oberhuber
The simplistic nature of the Marsh classification with two 
or three basic categories was unfortunately confused 

by the later attempts to standardize it (47). This merely 
substituted Shiner’s atrophy categories with letters (48). 
Corazza and Villanacci (37) challenged the usefulness of 
the categorization that increased pathologists’ burden 
to 7-8 categories. They showed that histopathologists’ 
performances were poorly executed with this unwanted 
approach when compared across institutions, a confu-
sion later upheld in further inter-observer comparisons 
(49-51). Interestingly, the scheme was avidly taken up 
and applied universally even by specialist units world-
wide, although it was never subject to any severe critical 
appraisal. We have plotted the subclassification of Marsh 
III lesions (Figure 2), revealing that there is a considerable 
variation in the assessments across units but an overall 
equality in each sub-division. Despite the extra work im-
posed on pathologists, to our knowledge, there is no study 
that crucially aids the diagnosis, treatment, or prognosis 
in these subcategories. Therefore, it should now be blin-
dingly apparent that if gastroenterologists ignore these 
subclassifications in clinical decision-making, there is no 
need whatsoever for pathologists to exclusively continue 
reporting the classifications. Many enlightened histolo-
gists have already started to opt out.

Many recent studies have now confirmed that this re-
vision lacks value and in fact does not reflect progres-
sive mucosal deterioration. Degenerate or atrophic villi 
in Marsh III lesions have never been documented using 
scanning EM (52); there is no increase in CD3+ intraep-
ithelial lymphocytosis (IEL) across these sub-divisions 
(53-54) or changed titers of tTG-IgA/IgG or DGP anti-
bodies (55) as the mucosa flattens; moreover, a logical 
regression analysis failed to find diagnostic help from any 
subcategory (56). Considering costs, pathologists should 
stop wasting their time in chasing these so-called stan-
dardizations, which we daringly call “classification chaos” 
(39) because they have no clinically useful contributions.

Mucosal histopathology: Further interpretations and 
misinterpretations
We have reviewed key articles illustrating the complex 
three-dimensional (3D) morphology of the small intesti-
nal mucosa. In our opinion, a complete understanding of 
this literature is crucial if the marked changes associated 
with its diseases are to be appropriately assessed; their 
diagnostic relevance might therefore be immediately ap-
parent. Thus, certain outcomes need attention.

(a) Handling biopsies and beyond
We whole-heartedly agree with Green (57) that if en-
doscopy is worth performing, it should be performed to-
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gether with all the ancillary activities. Besides endoscopic 
amplification, it is important that at least six biopsies are 
obtained from several regions of the duodenum under 
optimal conditions (58), and sufficient biopsies should be 
obtained for all necessary procedures, as might be antic-
ipated in a prospective study (59,60). Indeed, we would 
urge units specialized in CD research or experienced his-
topathologists capable of reading mucosal biopsies that 
a technician should be employed to undertake perform 
biopsy examination and preparation, as exemplified by 
Biagi’s unit (42).

To overcome this problem, more fragile forceps biop-
sies should be placed in the organ culture medium at 
body temperature to encourage relaxation and unrolling; 
during this procedure, surface mucus may float free of 
the tissue. Each fragment should be carefully examined 
using dissecting microscopy, and its features should be 
precisely recorded and then placed on a firm fabric base 
and fixed or frozen. As stated already, surface microsco-
py forms a critically important part of mucosal evaluation. 
We would suggest, contra Green, that there are indeed 
not impossible to deploy or not worthwhile but utilizable 
procedures concerning specimen preparation.

(b) What is “Normal”?
In recent years, the trend to report biopsies as normal has 
considerably grown, although no supporting quantitative 
data are provided or even considered necessary; such 
statements are therefore purely subjective and perhaps 
of reduced value. Admittedly, the data are extraordinari-
ly scarce (Table 2), although it is hoped that the current 
Third Study of the Bucharest Consensus of histopathol-
ogists will at least rectify these lacks. As noted recently 
(60), the villi size is dependent on many factors (Table 3) 
rarely considered in studies. The recent history of the pa-
tient may have a considerable bearing on how any random 
biopsy is interpreted, particularly whether categorized as 
a disease-control or used in comparative measurement 
studies. 

There is one important distinction to be made based on 
mucosal microdissections (61), which reveal marked dif-
ferences between the villous height of disease-control 
mucosae and the normalcy of the pre-infiltrative stage or 
Marsh 0 stage (Table 2). Given the difference, the impli-
cation would be that pathological factors causing some 
degree of attrition in the overall height of Marsh 0 villi are 
already operative. This implication should not be surpris-
ing given the EM evidence of enterocyte and microvillus 
damage (62), elevated 1-FABP levels (63,64), deficits in 
disaccharidase (65), and anti-TG2 antibodies along epi-
thelial and microvascular basement membranes (66), to-
gether with the continued activation of chemokines and 
their respective genes at this early phase of mucosal reor-
ganization (67,68). Likewise, similar changes precede the 
clinical presentation of inflammatory bowel disease (69). 
In both stages, disease-control or Marsh 0 specimens, vil-
li, and crypts should be easily identifiable and separable 
by microdissection. Further confirmation regarding these 
critical differences and proofs of inferences that Marsh 0 

•	 Age	 •	 Diurnal variation

•	 Ethnicity	 •	 Parasites

•	 Gender	 •	 Infections

•	 Genetic background	 •	 Drug ingestion

•	 Geo-cultural habitat	 •	 Allergy/Atopy 

•	 Handling artefacts-	 •	 Microbiome -

•	 forceps trauma 	 •	 Local intestinal

•	 fixation contraction	 •	 Maternal

•	embedding medium	 •	 Diet

•	 imperfect sectioning	 •	 Motility/ Peristalsis

•	 Food sensitivities

Table 3. Factors influencing villous height 

	 Villus	 Crypt	 Epithelial Cell 

	 Height (µm)	 Depth (µm)	 Height (µm)

Shiner (1959)	 430	 -	 34

	 (320-570)		  (29-41)

Booth (1961)	 600	 100	 - 

Crowe & Marsh (1994)	 510	 110	 37

			   (30-43)

Catassi (2007)	 372	 135	 -

	 (340-385)	 (125-150)	 -

Cummins (2011)	 753	 200	 -

	 (731-775)

Vazquez (1996)	 403	 173	 -  

	 (380- 420)	 (165- 81)

Morphometric data extracted from a very limited and somewhat disparate 
set of figures. Since villi do not exist when mucosal surface structure is 
<300-350µm, data on so-called “villi” for Marsh III lesions hardly seem to 
make sense. The figures here are provisional because there is no accurately-
based criterion for distinguishing the upper limit of individual crypt tubes 
– or the lowest limit of a villus. There is also a very wide disparity in the 
measurements of crypt depth. Clearly, new data are required to fill these 
deficits: deficits which could well improve morphometric analyses of the 
intestinal mucosa, especially the poorly-conceived notion of crypt/villus 
ratios. (Papers not included in main reference list are: Catassi et al. Am J Clin 
Nutr 2007: 85; 160-6; Vasquez et al. Eur J Gastro Hepatol 1996: 8; 15-21).

Table 2. Mucosal morphometric parameters
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lesions and their villi are subject to pathological influenc-
es are needed.

(c) Morphometry and mucosal pathology

(i) Concerning ratios in biopsy interpretation:
Most of the biopsy interpretation is based on ratios be-
tween two measured commodities. These procedures 
work; however, we suggest them only because the 
end-result is anticipated if not already known.

1. IEL are said to be probably raised in Marsh III lesions. A 
computerized morphometric analysis showed a percent-
age fall in total IEL that was much less than the loss of 
enterocytes (70). Comparatively, an infiltrated lesion has 
8 IELs per enterocyte; yet, there are still 3 IELs per en-
terocyte with a flattened flat (20); therefore, the muco-
sa subjectively appears to be infiltrated. Another related 
factor is that IELs in the flat mucosae are considerably 
larger than those in control mucosae. However, larger ob-
jects create more profile-discs in section, thereby result-
ing in higher apparent numbers when counted (71). This is 
an important observation because it affirms the long-lost 
principle that histological sections do not map directly 
onto the 3D tissue that they purport to represent. While 
we tolerate this conundrum, there are now stringent 
norms with which it is possible to work (38,53,72,73); an 
upper control range centered around 25 IELs/100 entero-
cytes, depending on observer error, has been set.

2. Changes in the numbers of cell types within the lamina 
propria are often subjectively gauged via a comparison of 
the fields of view. The problem here is that lamina propria 
volumes vary across the spectrum between the control 
and Marsh III lesions (73-75). Thus, the area surveyed for 
assessing changes in the inflammatory cell content must 
be adjusted to compensate for altered volumes of dis-
tribution (76), as we did by using an external reference 
area (104 µm2) of the muscularis mucosae. The abso-
lute values for any cell type(s) under investigation can 
be obtained in this manner and be usefully deployed in 
comparative work. Such approaches additionally bypass 
subjectively-based observer terms, such as “mild,” “mod-
erate,” or “severe” increases.

3. The C/V ratios are frequently used in mucosal evalua-
tions, usually without accompanying data on each pair of 
measurements. Here again, despite, these ratios seem to 
work despite simultaneously involving two moving parts 
because the outcome is generally known, although that 
alone would not necessarily guarantee good quality results.

For example, we are invariably made to believe that a C/V 
ratio >2 indicates a normal mucosa. However, given an 
average crypt depth of 100 µm, a ratio of 2 implies villi 
of approximately 200 µm in height, which is anatomical-
ly impossible. As stated by Cummins, ratios for normalcy 
should be in a much higher range bracket (77-79) of 3.5-
6.2 or 3.6-3.9, bearing in mind his use of high values (200 
µm) for mean crypt depths. The question is how normal 
are the villi being measured? The subjectivity of C/V ra-
tios is further highlighted by the fact that individual crypt 
tubes often enter their respective basins at an angle to 
ensure that they cannot be used, whereas the junction-
al zone between the start of a villus and the upper mar-
gins of a crypt tube are ill-defined and hence extremely 
dependent on subjective assessments. One alternative 
could determine the villous fraction of Marsh III mucosae 
either with monoclonal antibodies against enterocyte al-
kaline phosphatase or esterase or by identifying the low-
est cells in the villous epithelium expressing their corre-
sponding gene-activated mRNAs.

(ii) Use of biopsies in evaluating other ancillary  
treatments
Two recent studies concerning the effects of non-di-
etary therapies for CD have been published (79,80) and 
are open to comments. Here, we only examined biopsies 
as monitors for these novel treatments. Of note, both 
studies applaud old-fashioned IEL counts and C/V ratios. 
Regarding the latter, Ludvigson’s committee concluded 
that only “validated morphometric analysis” [was able 
to] “produce excellent reproducibility and validity,” with 
specific reference to Taavela (19) who, with several oth-
er departmental colleagues, comprised its membership. 
The two panels chose not to refer to other studies (ex-
cept Taavela’s) concerning the application of sound mor-
phometric pursuits variously employed over the years 
(61,73,75,81) but which importantly would need to satis-
fy the Weibel’s strict criteria (82). 

Both studies seem to confuse evolutionary schemes 
(i.e., Marsh in particular) from morphometric techniques. 
However, both studies aimed at answering research 
questions that might require higher-level morphometric 
procedures and techniques.

We do not make these criticisms lightly because if new 
treatments are under critical assessment, we might have 
to consider the use of some other higher-level histolog-
ical techniques sensitive enough to detect the changes 
sought. Furthermore, it needs to be considered whether 
any approach would start with patients having marked 
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mucosal changes but not under dietary control or those 
already under dietary restrictions and shown some mu-
cosal improvement. It seems a matter of profound regret 
that more voices from imaginative histopathologists or 
morphologists were not heard in those discussions and 
that some more insightful approaches involving molecu-
lar-based techniques did not arise from the ad hoc pan-
els. We believe that stem-cell research may be a promis-
ing alternative to evaluate mucosal pathology in patients 
with CD. The results of few studies have suggested that 
the intestinal stem-cell compartment is depleted in pa-
tients with active CD, which seems corroborate with the 
concept of deranged regenerative potential of the mu-
cosa (83).

CONCLUSION
The diagnosis of CD no longer rests entirely on an overt 
malabsorptive state or on the presence of a severe muco-
sal lesion. As of now, diagnosis will always require a biopsy, 
which is the gold standard, interpreted through its pro-
gressive phases as defined, for example, using the Marsh 
classification. It should be noted that the latter (without 
the added encumbrance of Oberhuber’s unnecessary 
modifications) is a static display of the prominent phases 
in gluten-induced host response. We have no cohesive 
ideas about the temporal aspects of that transition. Only 
further extensive case studies would perhaps help answer 
the questions whether (i) regression of earlier Marsh stag-
es does occur and (ii) progression toward more marked 
changes is inevitable, which may not be the case.

For example, the Marsh I (infiltrative) lesion is characteris-
tic of many cases of DH, whereas a similar innate response 
is seen in giardiasis and tropical sprue (in what was earlier 
mis-interpreted as a separate nosology termed “tropical 
enteropathy”).

As a comprehensive scheme, reflecting both the innate 
and adaptive responses to antigenic stimulation, the 
Marsh classification covers the necessary landscapes. In 
addition, it has served in evaluating dynamic tissue reac-
tions over a set time period, for example, part of a diag-
nostic challenge routine. However, this classification does 
not detract from other forms of tissue analysis, although 
the drawbacks to some of the commoner-used process-
es have been discussed in this article. Regarding ratios, 
many papers still fail to provide the background measure-
ments from which the secondary data described herein 
have been derived. Furthermore, there is a critical need to 
structurally and functionally gain precise definitions of a 
villus and to use molecular techniques to specify precise-

ly where villi begin and crypts terminate. Until we have 
the said data, C/V ratios can never be considered serious-
ly in mirroring changed mucosal structure.

This article has briefly drawn attention to the divide 
between service histology and the sterner require-
ments for mucosal studies in answering specific re-
search-based questions. Indeed, we feel that if these 
changes to technique cannot be generally updated, the 
advances of molecular genetics and other serological 
discoveries will overtake those not prepared to advance 
and therefore lag. Moreover, individuals without much 
interest in microscopy and histological examinations 
would not be sorry to discontinue commerce with his-
topathologists. The question remains who will measure 
up to these newer demands on performance and place 
histological approaches, including image analysis and 
even the exploration of more robust molecular tech-
niques, to CD diagnosis and its further enquiries onto 
a firmer, certain, and more enlightened footing. Of 
course, that is another type of challenge; however, who 
will be capable of responding?
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