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Coeliac disease

• Environmental insult (gluten) and genetic
susceptibility (DQ2 90%, DQ8 10%). 

• Small intestinal mucosal inflammation 
villous atrophy and crypt hyperplasia

• Gastrointestinal symptoms, malabsorption
of nutrients and extraintestinal disorders
= systemic disease

Gluten-

containing

diet

Gluten-free

diet



Protective mucosal response against environmental insults

”Get rid of the bug”

rotavirus gluten

J Clin Invest 1977;60:1402-9

Celiac disease

Cow’s milk protein

intolerance

Chronic diarrhea

Giardiasis

HIV

Rotavirus

Lindfors et al.

Autoimmunity Reviews, 2010
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In situTG2-specific IgA-deposits in 

early developing CD

Before            After GFD

Korponay-Szabo I et al., Gut 2004; 53:641-8

Kaukinen et al., Scand J Gastroenterol 

2005;40:564-72.

TG2

IgATG2+IgA
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Mucosal

repair
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Rubin et al., 1960 Thurlbeck et al., 1960



Risdon et al. Gut 1974: Only 
those biopsies were considered 
in which the plane of 
sectioning was prependicular 
to the luminal surface, as 
judges by the fact that the 
crypts of Lieberkuhn were cut 
longitudinally and not in cross 
section (fig1)

Biopsy validation 2009
Figure 1. Photographs of the small 
intestine: classifcation of 
histopathology. 
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Villous height (VH) and crypt depth (CrD)

CD3-positive IELs/100 epithelial cells

• Morphometry for morphology and inflammation separately

• SOPs

• Readouts by trained and accredited evaluators

• Formal quantification and validation of readouts performed

• Pitfall in coeliac disease diagnostics: Readers must learn to 
identify proper biopsy orientation, the correct cutting, where
and when VH:CrD is allowed to be measured.

• In case of non-optimal orientation, the reader instructs the
technician as to block rotation, reorientation and recutting, 
restainings, followed by rereading, and again, if needed
(guarantee of quality).  
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Marsh-Oberhuber classification 2000
Grouped classification: Morphology and inflammation in one, how to measure 

significance??

Morphometry: continuous parametric variables instead of grouped classes. 

Separate evaluation of morphology (VH:CrD) and inflammation (IEL densities) 

Significant morphometrical changes even within one Marsh class

a b c a cb
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Mubarak et al. Reproducibility of the histological diagnosis of coeliac disease. Scand

J Gastroenterol 2011 (The Netherlands)

Interobserver variability for the different Marsh classifications as 

moderate, Kappa value 0.486

Corazza et al. Comparison of the interobserver reproducibility with different

histologic criteria used in celiac disease. Clin Gastroenterol Hepatol 2007 (Italy)

Interobserver variability for the Marsh-Oberhuber classification was fair, 

Kappa value 0.35

Arguelles-Grande et al. Variability in mall bowel histopahology reporting between

different pathology practice settings: impact on the diagnosis of coeliac disease.

J Clin Pathol 2012 (USA)

Within different Marsh score categories, agreement was poor (Kappa 

<0.0316) for score 1 and 2 and fair or moderate for scores 3a and 3b.

Picarelli et al. Weaknesses of histological analysis in celiac disease diagnosis: new

possible scenarios. Scand J Gastroenterol 2014 (Italy)

Our study stresses the limits of histological interpretation due to the lack of 

uniformity in the use of Marsh-Oberhuber classification

How to measure biopsy specimens?

Reproducibility of Marsh classes



Local histology

Marsh Staging

Reference pathology

Marsh 0 Marsh 1 Marsh 2 Marsh 3A-C Total

Marsh 0 28 20 7 8 63

Marsh 1 7 10 6 9 32

Marsh 2 1 3 1 14 19

Marsh 3A-3C 11 13 14 545 583

No staging available 13 3 0 18 34

Total 60 49 28 594 731

Comparison Histopathology in ProCeDE

Local vs central – Marsh staging

(Werkstetter, Koletzko et al , unpublished)
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Our data revealed on the surfaces of flat 

(Marsh III) mucosae, large open “basins”, 

surrounded by raised collars - the latter, 

when viewed in histological section, being 

easily misconstrued as “villi”. 

“basins” 

Leading morphometry paper

Kuitunen et al., JPGN 1982
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No readout allowed Reoriented, recut

• Marsh 0-I Marsh IIIc

• Marsh I Marsh IIIb

• Marsh 0-I Marsh IIIc

• Marsh 0-I Marsh IIIb

• Marsh I Marsh IIIb

No readout allowed Reoriented, recut

Textbook



The effect of tangential
sectioning has been 3D-modeled.

Be aware !!!!  Wrong cutting of diseased
celiac mucosa might show ”villus-like
artefacts” and crypts cut only in cross sections



UniDebrecen

• Initially no without villous atrophy    n=189  followed

Seropositive patients without villous atrophy n=242

58 (22%) 

8%

22%

18%12%

40% False negative histology

Developed villous atrophy

Dermatitis herpetiformis

Developed extraintestinal

manifestations (e.g. T1DM)

Still under follow-up

UEGW 2011 Stockholm
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Initial evaluation: Marsh 1 lesion
Morphometry: Tangential cutting, 
VH:CrD not measurable, 
Depths of crypts not identifiable 
Marsh class cannot be stated
Hallmark of wrong cutting: 
cross sections of crypts 
CD3 +ve IELs: 79 cells/100 ECs 

Recutting of same biopsy block
Now better cutting, hallmark 
longtudinally cut crypts, allowed 
to be evaluated and measured
Marsh class 2 lesion
Morpohometry:
mean VH:CrD 2.0, 
CD3+ve IELs: 76 cells/100 ECs



Microscope-assisted biopsy embedding
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Celiac Slide Viewer, Jilab Inc.

Small Intestine Digital Histomorphometry
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Small Intestine Digital Histomorphometry

CD3 +ve IELs per 100 epithelial cells

Celiac Slide Viewer, Jilab Inc.



Marsh classification vs. quantitative morphometry

Mäki et al. manuscript
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Duodenal bulb biopsies, urging caution

IgA

TG2 IgA + TG2

TaavelaPopp et al. Am J Gastroenterol, 2016



Maki Celiac Disease Tampere 

Prize 

April 17, 2015. 

Rector Kaija Holli and 

Prof. Detlef Schuppan.

SAVE THE DATE !

Tampere Celiac Disease Symposium 
Measuring Treatment Outcome 

November 25, 2016, Tampere Hall, Tampere, Finland

Abstract deadline for short oral and poster presentations September 15, 
2016.

Announcing the 2nd Maki Celiac Disease Tampere Prize, € 15 000. 

Requests for nominations will open in March 2016.

The symposium is held in parallel with the Gluten-free Life Expo 2016 , 
organised by the Finnish Celiac Society, Nov 25-26, 2016

Advertising Tampere Celiac Disease Symposium
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THANK YOU !
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