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Abstract 

Data are presented on scanning electron microscopy 
(SEM) on small intestinal biopsies of children with 
chronic diarrhea. In particular, there were 230 patients 
aged 3 months to 13 years with the following diagnoses: 
chronic nonspecific diarrhea, cow's milk protein 
intolerance, soy prot ein intolerance, giardiasis, cystic 
fibrosis, gluten-sensitive enteropathy, isolated lactase 
deficiency, isolated sucrase-isomaltase lactase deficiency, 
microvillus inclusion disease, rotavirus ententis, 
protracted diarrhea of infancy, chylomicron retention 
disease, visceral myopathy and villous asthenia. 

Examination of biopsied intestinal mucosa by SEM 
has yielded important new information and insights on 
structural pathology and ultrastructural topography. 
Many of the observed changes helped to better 
understand the pathophysiology of some of the diarrheal 
disorders. SEM was also able to detect new features 
such as mycoplasma-like microorganisms and the 
absence of the glycocalyx. To adequately assess small 
bowel mucosa! pathology at the ultrastru ctural level, 
scanning electron microscopy is an indispensable tool. 

Key Words: scanning electron microscopy, small bowel 
mucosa, chronic diarrhea, infants, children. 
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Introduction 

The standard tool for morphologic evaluation of 
biopsied small bowel mucosa has been, and probably 
always will be, the light microscope . This instrument 
gives information on morphology, it allows morpho
metric measurements, it gives information on cell 
migration within the lamina propria or within the 
epithelial layer, it recognizes special changes such as 
dilated lymphatics, and with special stains, such as 
periodic acid-Schiff (PAS), the brush border is made 
visible, or other diagnostic features are detected such as 
macrophages in Whipple's disease. As valuable as the 
light microscope may be, it only gives information on a 
very thin slice of tissue with the result that most events 
occurring on the surface cannot be assessed with the 
exception of obvious colonization of the mucosa with 
parasites or readily recognizable bacterial pathogens . Yet 
it is at the mucosa! surface where all the interactions 
between host and environment take place, and the 
possibility to survey the mucosal surface for additional 
pathologic changes has always seemed desirable. The 
intestinal mucosa, with its very large surface area, is one 
of the ideal substrates for surface screening, which is 
nowadays accomplished with the scanning electron 
microscope. 

Long used by industry, the scanning electron 
microscope was applied to small intestinal pathology in 
the 1960's and early 1970's [reviewed 13, 14]. In the 
1980's this technique was used routinely for the 
investigation of biopsied small intestinal mucosa of 
infants and children with chronic diarrhea [69). By 
virtue of its great depth of focus and the ability to 
survey large surface areas, the scanning electron micro
scope is ideally suited to detect, characterize, and survey 
changes on the mucosa! surface. Terms such as 
"ultrastructural pathology" or "ultrastructural 
topography" have been applied to such changes [13,14). 

To this author, scanning electron microscopy 
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(SEM), has become an indispensable tool for the 
evaluation of small bowel pathology. Findings have 
always been integrated with other investigational tech
niques, such as light microscopy (LM), measurement of 
disaccharidase act1v1t1es, transmission electron 
microscopy (TEM), and microbiology . However, even 
from the point of view of diagnosis or differential 
diagnosis, SEM is now talcing a large share of the 
overall assessment of small bowel mucosal pathology . 

In this review, specific conditions will be discussed 
where more insight has been gained and more 
information has been obtained by SEM than from any 
other investigational tool. For instance, SEM has con
tributed to our understanding of intolerance to 
disaccharides (by test, clinically) despite normal 
disaccharidase activities and a structurally normal 
mucosa by LM. Furthermore, SEM explains why there 
may be generalized depression of disaccharidase 
activities despite a mucosa which is structurally normal 
by LM. Thirdly, in several conditions SEM 
demonstrates to the observer the presence of a physical 
barrier, which contributes to maldigestion and 
malabsorption, which is difficult to appreciate when LM 
shows a structurally normal mucosa. Fourthly, 
microorganisms which resemble mycoplasma species are 
easily visualized by SEM, while they are not seen by 
LM. Lastly, specific ultra structural changes can be 
identified on the mucosa) surface, such as the loss of 
glycocalyx; again, this would not have been possible, 
utilizing LM alone . 

Methods and Materials 

Preparation of Tissue 
The tissue preparation techniques used in our 

laboratory have been published [70, 75]. All small 
bowel mucosa) specimens were obtained under 
fluoroscopic control from the duodeno-jejunal junction 
using a double-port Crosby-Kuler biopsy capsule. 
Written and informed consent was obtained from the 
parents. 

The preparation of intestinal mucosal specimens for 
SEM, as well as the scanning electron microscopes used, 
varies from laboratory to laboratory and a brief 
summary is presented in Table 1. Ideally, tissue 
preparation, small bowel mucosa in particular, should be 
standardized to minimize artefacts and to maximize 
informative yield and inter-observer comparison. Whilst 
it is possible that nuances in sample preparation, 
particularly fixation and dehydration procedures, could 
impart differences on various aspects of surface 
topography at high magnifications, there seems to be no 
appreciable alteration of structure and of mucosa) 
surface at low and intermediate magnifications. The 
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quality of photographic reproductions depends on 
instrument optics, on the skill of the operator and, 
perhaps also on the film used. 

Patients 
A total of 230 patients aged three months to 13 

years with chronic diarrhea underwent small bowel 
biopsy. Representative samples from each major disease 
group were chosen at random, while there was only one 
patient each with microvillus inclusion disease , 
chylomicron retention disease, and visceral myopathy, 
owing to the rarity of these conditions. The majority of 
the patients had chronic nonspecific diarrhea (toddler's 
diarrhea). Carbohydrate intolerance was determined by 
glycemic and clinical response to oral lactose and 
sucrose tolerance tests. Disaccharidase activities were 
determined as described [71]. 

The intestinal mucosa! specimens which served as 
"controls" were obtained from the following patient 
groups: (1) Children suspected of sucrase-isomaltase 
deficiency, after having been on a sucrose-free diet for 
one month and without diarrhea at the time of biopsy 
[69]; (2) Children with sho11 stature biopsied to rnle out 
celiac disease [15, 40, 67, 92, 93] since short stature 
may be the only manifestation of celiac disease [38]. 

This review deals mainly with the experience 
obtained by the author over a period of 10 years in 
reviewing small intestinal mucosa) biopsies by SEM. 
Examination of the biopsies by SEM was part of a 
routine process and not done in a "blindly" controlled 
fashion. To be of benefit to the patient, it is advisable to 
review small bowel biopsies by SEM as soon as possible 
after they have been obtained. However, this may not 
always be possible. 

Discussion 

Normal Mucosa 
By SEM and at low magnification (80-600x), the 

mucosa shows the following: the predominant pattern in 
infants consists mainly of ridges, whereas with 
increasing age, the pattern may change: more leaf- and 
tongue-shaped villi become visible, and after 3-5 years 
finger-shaped villi appear (Fig. 1-3). The proportion of 
finger-shaped villi in the distal duodenum of adults is 
perhaps greater [75, 93], and they are quite prominent 
in the adult jejunum [4]. However, the villi of the 
duodenum of adults may also be tongue- and leaf-shaped 
[12], which could be a variation of normal, or could 
denote subtle injury to the intestinal mucosa. The change 
in the villous pattern from infancy to childhood may be 
maturational as well as an adaptive phenomenon: the 
greater differentiation of villous structures may increase 
absorptive surface and is perhaps better apt to handle the 
increased quantity and perhaps, also quality of nutrients . 
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Table 1. Tissue Preparation for SE!-!. 

Authors Saline Fixative Time of 
(Ref. #) rinse fixation 

Toner & Yes 2\ phosphate- 4 hrs. 
Carr, buffered 
1969 [94] glutaraldehyde 

Phillipe No 3\ glutaraldehyde 90 min. 
et al, in O.lM 
1979 [ 67 l cacodylate 

buffer, pH 7.3 

Halter et Not 3\ glutaraldehyde 24-72 hrs. 
al, 1982 men- in O. lH 
[40} tioned cacodylate 

buffer, pH 7.4 

Poley and No 2\ 4 hrs . para-
Rosen- formaldehyde and 
feld, 2.5\ 
1982 [75 I glutaraldehyde in 

O.lH cacodylate 
buffer, pH 7 . 4 

Schgn et Not Glutaraldehyde- Not men-
al, 1984 men- formaldehyde tioned 
[84} tioned solution 

Stenling After 6.25\ 4 days 
in (human et al, fixa- glutaraldehyde 

1984 [ 93 I tion O. lH phosphate tissue), 1 
buffer , pH 7 . 2- day 
7 . 4 (animal 

tissue) 

Carpino Not 2.5\ glytaral - 24-72 hrs. 
et al , men- dehyde in O. lM 
1985 [ 15 I tioned cacodylate 

buffer, pH 7 . 4 

Giorgi et Not 2 . 5\ glutaral- 4 hrs. 
al, 1985 men- dehyde in 
[ 35 J tioned Sorensen ' s 

buffer, pH 7 . 4 

The increase and the physical change of villous 
structures is most likely also associated with an increase 
in the "mass" of disaccharidase achv1hes, to 
accommodate the greater amount of carbohydrates 
consumed as infants grow. 

At intermediate magnification (800-2250x) more 
structural details of the mucosa! surface become visible: 
mature enterocytes in the apical region of the villus 
show slight convexity towards the lumen (69, 74] and 
the cell borders are distinct (Fig. 4). This distinction is 
less conspicuous in the mid-portion of the villus and 
even less at the base, which is populated by younger 
and, hence , less mature enterocytes. Goblet cells are 
easily identified and, at the crest of the villi, occasional 

Poet- Dehydration Critical Surface 
fixa- point coating, SEM 
tion in drying microscope 
OS 0 

0.5\, 1 Ethanol or Not men- Carbon 
tioned platinum, hour acetone 

thickness 
not 
mentioned, 
Cambridge 
Stereoecan 

l\ in Ethanol Yee Gold-
O.lM gradients palladium; 
phoe- Cambridge 
phate S4-10 
buffer 

1\, in Ethanol Yee Gold-
caco- gradients palladium, 
dylate 10 nm; 
buffer, Hitachi s-
pH 7.4 500 

l\ in Ethanol Yee Gold-
O. lH gradients palladium, 

300\A; JEOL caco-
dylate JSH 35; 
buffer, Philips 
pH 7.4 SEM/STEH 515 

Yes, no No details Yee Not 
details mentioned; 

BS 300 Tesla 

Not men- Ethanol Yee Gold, 20 nm; 
tioned gradients and Bambridge S4 
for SEH, sub-
yes for sequently, 
TEH iso-amyl 
speci- acetate 
mens gradients - -
Not men- Acetone Yes Gold, 
tioned gradients thickness 

not 
mentioned; 
Cambridge 
Stereo scan 
150 

Yee Ethanol Yee Gold, 
gradients thickness 

not 
mentioned; 
Philips 505 

cell extrusion may be seen as a manifestation of cell 
renewal (Fig. 5). Cell extrusion in subapical regions is 
not a normal phenomenon, likewise so-called extrusion 
zones (see below). 

At high magnification (6,600-19,000x), the fine 
details of the enterocyte surface are well appreciated: the 
meshwork of the glycocalyx covers the microvilli 
(69,93], so that their tips are not visible. The glycocalyx 
may appear more "dense" at times (Fig. 6), or may 
appear as a filigree-like network covering the microvilli 
(Fig. 7). Occasionally one sees cell borders which are 
raised, well defining the polygonal outline of the 
individual enterocytes (Fig. 8). It cannot be excluded 
that the latter finding may be a variation of the normal , 
or even an artefact. 
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Abnormal Findings and Pathologic Conditions 
1. The "mucosal barrier": excess mucus covering 

the mucosal surface. (Structurally normal mucosa by 
LM, normal disaccharidase activities, clinical intolerance 
to carbohydrates). Situations such as the one mentioned 
above are encountered quite often and, because of the 
lack of appreciation of surface details with the light 
microscope, are ascribed to so-called patchy lesions. 
Certainly, the existence of patchy lesions has been 
documented in some pathologic conditions with a known 
etiology [60, 99), but patchy lesions cannot always be a 
major argument in situations where an obvious explana
tion for controversial findings is lacking. Let us consider 
the example where the mucosa appears structurally 
normal by LM as well as by TEM, and disaccharidases 
are normal (3 different mucosa! specimens!), yet there 
is clinical as well as laboratory evidence of carbohydrate 
(lactose, sucrose) intolerance. How can these findings be 
reconciled? Certainly, one explanation is possible: the 
substrate does not or cannot make contact with the brush 
border, intimately associated with disaccharidases. 
Indeed, in such instances, the mucosa! surface is covered 
with a rather thick layer of mucus, as can be clearly 
seen by SEM (Fig. 10), and by TEM (Fig. 11). The 
only correlate by LM is an increased number of goblet 
cells, also seen by SEM. This layer of mucus, when 
adhering closely to the mucosa! surface, probably 
functions as a barrier to membrane digestion and most 
likely also to absorption. This mucosal barrier has been 
observed in chronic nonspecific diarrhea (CNSD) [69), 
in giardiasis [75), in food intolerance [72) and particu
larly in cystic fibrosis [71) where, with increasing age, 
the mucus layer becomes more pronounced and 
widespread (Fig. 12, 13). Although pancreatic exocrine 
insufficiency is the cause of maldigestion in CF, it is 
hypothesized that the "mucus barrier" interferes with 
membrane digestion and absorption. 

The increased production of mucus can be seen as 
a host defense response. The presence of intestinal 
mucins has been important to zoologists, who have 
recognized its protective effect against parasitic disease 
in animals [2, 31, 57, 63). Similar protective functions 
in relation to a variety of antigenic material, including 
microorganisms, may be important in man as well, and 
these have been recognized long ago [36). For instance, 
mucins contained in secretory granules of goblet cells 
are potent inhibitors of certain lectins [7] that mediate 
the binding between oligosaccharide side chains of 
microbial structures to host cells. In experimental 
animals, elimination of mucus enhances bacterial growth 
in the small intestine [51). The release of mucus by 
goblet cells is effected by bacterial toxins: it is dose
dependent and due to increased glycoprotein synthesis 
[29, 88). Microbial proteases within the intestinal lumen 
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Figure 1: Normal mucosa. Infant. Predominant mucosal 
pattern is that of ridges (bar 0.1 mm). 

Figure 2: Normal mucosa. Child. Short ridges, leaf- and 
tongue-shaped villi (bar 0.1 mm). 

Figure 3: Normal mucosa. 15-year-old. Predominant 
pattern: finger-like villi (bar 0.1 mm). 

Figure 4: Normal mucosa. Villous with well-delineated, 
slightly convex cells on the tip (mature and senescent 
cells). The cell outlines and convexities are less 
noticeable towards the mid- and lower portion of the 
villus (bar 100 µm). 

Figure S: Normal mucosa. Occasional extrusion of 
enterocytes on apical portion of villi (bar 10 µm). 

Figure 6: Normal mucosa. Normal aspect of brush 
border, the glycocalyx appears more "dense" as in figure 
7 (bar 1 µm). 

[19, 42, 43, 47, 76, 77] are able to degrade the 
peripheral oligosaccharide side chains of mucin 
glycoproteins, causing their destruction or inactivation 
and further facilitate microbial adherence and 
colonization on mucosal surfaces. It was of interest, 
therefore, to observe the presence of microorganisms in 
the juxtamucosal mucus layer in chronic nonspecific 
diarrhea [71, 73] (Fig. 14), and the mucoid 
pseudomembrane in giardiasis [75] (Fig. 15) . 

The increased secretion of mucus also follows 
stimuli other than microbial activity, including 
interaction of the mucosa with certain plant lectins [30), 
the presence of antigen-antibody complexes [97), and of 
hypertonic solutions [100). The latter condition arises in 
clinical situations where there is incomplete digestion 
and absorption of carbohydrates due to decreased 
availability of disaccharidases. 

The increased production of intestinal mucus and its 
layering over the mucosa} surface results in the 
formation of a physical barrier which should impair 
digestion and absorption of macro- and micronutrients, 
as ~ell as of medications. All available evidence 
obtained through careful examination of biopsied 
intestinal mucosa by SEM, correlated with laboratory 
and clinical findings seems to support the association of 
the following: normal mucosa - normal disaccharidases -
carbohydrate intolerance. 

2. Increased cell shedding and extrusion of 
cytoplasm. (Structurally normal mucosa (by LM), 
clinical intolerance to carbohydrates, depressed 
disaccharidase activities). During the course of the study 
by SEM of small intestinal biopsies in children with 
CNSD, another interesting finding emerged: evidence of 
increased shedding of enterocytes (Fig. 16) as well 
as increased extrusion of cytoplasm (Fig. 17) from 
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Table 2. Carbohydrate Intolerance in CNSD 

1. Normal disaccharidase 
activities, mucosal 
structure normal by LM 

Excess mucus on mucosa[ surface 

2. Depressed disaccharidase 
activities, mucosal 
structure normal by LM 

Increased shedding of enterocytes and 
cytoplasm; microbial colonization of 
mucosa[ surface 

3. Depressed disaccharidase 
activities, mucosal 
structure abnormal by LM 

Partial villous atrophy 

4. Normal disaccharidase acti
vities, mucosal structure 
abnormal by LM 

Probable: so-called patchy lesions 

presumably damaged epithelial cells [69, 71] . Cell 
extrusion could be widespread (Fig. 18) and the term 
"extrusion zone" [66] is well applicable . Cell extrusion 
did not occur only at the ridges of villi or their apical 
region, but also in subapical zones, which is distinctly 
abnormal. 

Of further interest was the fact that light microscopy 
of biopsies from the same patients did not show changes 
in the villous architecture [69, 71], i.e., no villous 
damage, or any degree of villous atrophy. Villi were 
always of normal length, with only slight focal increases 
in cells in the lamina propria and perhaps focal edema. 
Crypts were occasionally hypertrophied with increased 
mitotic indices. 

Despite that, the disaccharidase activities were 
always markedly depressed [69, 71], explaining the 
patient's clinically documented intolerance to sucrose 
and lactose. Several explanations for these findings may 
be put forward : (1) increased cell shedding and/or cell 
damage enhances enterocyte turnover by augmenting the 
production of crypt cells, which migrate with ~n~reased 
speed to the mid and upper portions of the v1lh. Such 
cells most likely carry a decreased charge of brush 
border hydrolases; (2) depression of disaccharidases by 
the action of dietary lectins [26]; (3) release of brush 
border hydrolases by pancreatic proteases [79]; (4) 
damage of brush border hydrolases by microbial 
proteases (see below); (5) differential glycosylati~n of 
disaccharidases [91]; and, (6) increased endocytos1s of 
brush border enzymes. 
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Figure 7: Normal mucosa. Goblet cell surrounded by 
normal, mature enterocytes. Microvilli are covered by 
filigree-like meshwork of glycocalyx. Cell borders well 
outlined (bar l µ,m). 

Figure 8: Normal mucosa. Elevated borders between 
enterocytes delineate the polygonal outline of cells (bar 
100 µ,m). 

Figure 9: 30-months-old child. Chronic nonspecific 
diarrhea (CNSD). Vast areas of the mucosal surface are 
covered by sheets of mucus. Normal disaccharidases, 
but clinical intolerance to sucrose and lactose (bar 0 .1 
mm). 

Figure 10: 26-months-old child . CNSD. Vast areas of 
the mucosal surface are covered with sheets of mucus; 
outlines of villous structures not recognizable . Malab
sorption of micronutrients, sucrose and lactose (bar 0.1 
mm). 

Figure 11: 26-months-old child. TEM. CNSD. Go~let 
cell actively discharging large amounts of mucus, which 
spreads over the brush border membrane of adjacent 
enterocytes (bar 10 ;,tm). 

Figure 12: Six-months-old infant with cystic fibrosis. 
Variable amounts of the mucosal surface are covered 
with what appears to be tenacious mucus (bar 1 µ,m). 

Cell shedding and extrusion of cytoplasm 
(cytoplasmic blebs) which could be readily appreciated 
by SEM (Fig. 19), could be a mechanism of self-defen se 
[9]; on the other hand , it could be due to the presence of 
microorganisms [100], their respective toxins [1, 22, 62] 
or other antigens [59]. On an experimental basis, 
increased cell shedding is also produced by axenic resins 
[17], anionic detergents [33, 39], plant fibers [18], or 
viruses [21, 95]. The cytoplasmic blebs indicate 
disintegration, most likely on the basis of injury to the 
cytoskeleton, which then reduces the cell's ability to 
maintain not only normal surface morphology and 
communication with neighboring cells, but also a normal 
glycocalyx. . . 

In Table 2, events are summarized which explam 
the various associations between cell morphology, 
disaccharidase activities and clinical intolerance to 
carbohydrates, as seen by SEM. 

3. Presence of Microorganisms on the Mucosal 
Surface. Microorganisms (MO) in the small intestinal 
lumen either commensal from the oropharynx or those 
usuall; present in the more distal portions of t~e 
digestive canal, are found in increased numbers m 
children with various types of chronic diarrhea 
[reviewed, 69]. With the help of SEM, colonies of MO 
attached to the mucosa! surface have been identified in 
children with chronic nonspecific diarrhea [69, 73]. MO 
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reach the intestinal tract by being swallowed and must 
avoid destruction by gastric acid. MO may also reach 
the intestine, as demonstrated by SEM, by attaching to 
non-keratinized cells of the oropharynx (Fig . 20), and 
such cells with their "load" stick to the mucosa! surface 
[69]. MO are also seen in a juxta-membranous position 
(Fig. 21) , enmeshed in mucus and in close proximity to 
the brush border membrane , but not attached to it 
where they seem to thrive [69, 73] . ' 

The presence of MO could be of pathogenic 
importance also for CNSD, or the socalled contaminated 
(irritable?) small bowel [reviewed 69, 73]. Carbohydrate 
malabsorption is a frequent occurrence in this condition 
[25, 37], and the presence of undigested carbohydrate 
provides a stimulus for the proliferation of intraluminal 
MO : most bacteria indigenous to the human intestinal 
tract utilize carbohydrates as their primary energy source 
[19, 82]. 

Intolerance to carbohydrates as well as various 
degrees of disaccharidase deficiency is common in 
CNSD [69, 73]. In experimental animals, microbial 
proteas es damage brush bord er hydrola ses, such as 
lactase, sucrase and maltase [ 47, 48, 76], as well as 
alkaline phosphatase [83]. Damage to the latter enzyme 
may even be selective [8]. Proteases produced by 
bacteroide s species selectively destroy sucrase [80]. 

Furthermore, commensal MO, considered 
nonpathogenic , as well as yeast strains recovered and 
cultured from duodenal fluid of children with chronic 
diarrhea, are able to degrade lactase [6]. Thus, there 
seems to be ample experimental and clinical evidence 
that microorganisms can induce changes in the activity 
of brush border hydrolases. This is most likely of 
importance in CNSD. 

SEM was of particular help to identify , in infants 
and children with CNSD , microorganisms attached to 
the brush border membrane which morphologically 
resemble mollicutes or mycoplasma species (Fig . 21-23). 
This finding was of great interest, because mycoplasma 
spp. have not yet been identified in the gastrointestinal 
tract of humans. In general, mycoplasmas may appear in 
several morphologic forms [10, 11, 49, 50]: they may 
be spherical, or present as coccoid singlets or 
aggregates. Dependent on environmental conditions, they 
may elongate and become filamentous and terminate in 
a bulbous end. When, during replication, the 
cytoplasmatic division lags behind the division of the 
genome, coccoid chains are formed, which may branch 
[78]. Growth cycle, living conditions and environment 
[ 49, 78], are important determinants of their 
morphologic appearance : filamentous or coccoid forms 
in colonies or chains of variable length. 

Despite their suggested presence in the human 
intestine as evidenced by SEM [73], it was not possible 
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Figure 13: 13-year-old with cystic fibrosis . Note 
deposition of sheets of mucus on the surface of intestinal 
villi. Clinically: malabsorption of macro- and 
micronutrient (bar 0. 1 mm). 

Figure 14: Three-year-old child. CNSD. Mixed 
microbial flora in mucus covering brush border. No 
attachment of micro-organisms to the mucosa (bar 10 
µm) . 

Figure 15: 17-months-old child with giardiasis. Note 
pseudomembrane covering large area of mucosa! 
surface. Arrows show impressions of suction discs ; 
many trophozoites were seen in other portions of the 
biopsy . Child had malnutrition/malabsorption (bar 10 
µm). 

Figure 16: 19-months-old child. CNSD. Cell extrusion , 
extruded cell in the center of picture marked by arrow 
(bar 100 µm). 

Figure 17: 22-months -old child . CNSD. Cell extrusion 
zone, with evidence of cell damage (cytoplasmic blebs) 
(bar 10 µm). 

Figure 18: 26-months-old child. CNSD. So-called cell 
extrusion zone, with loss of enterocytes and cytoplasm 
[asterisk] (bar 100 µm). 

to culture mycoplasma (J. Tully, J.R . Poley, 
unpubli shed data) . Currently available serologic tests are 
unreliable for diagnosis, and only investigation of 
intestinal mucosa by SEM was able to document their 
presence on the small bowel mucosa of children with 
CNSD. 

There seems to be a particular group of patient s 
with CNSD who seem at risk for the colonization of 
small bowel mucosa by mycoplasma spp . : most are 
boys, aged between 15 and 36 months, are blond, with 
fair skin, a history of recurrent ear and upper respiratory 
tract infections, and have received multiple antibiotics 
(J. R. Poley, unpublished observations). 

By LM , structural changes of the mucosa are absent 
except for slight focal cellularity in the lamina propria as 
well as mild focal edema, changes which are 
nonspecific. 

Disaccharidase activities are variably depressed . 
Attachment of mycoplasma to cell surfaces is always 
associated with damage to the host cell [65], and damage 
to brush border enzymes could be mediated through the 
discharge of the metabolic products of mycoplasmas, 
primarily ammonia and hydrogen peroxide [78]. 

More studies are needed for the identification of 
mycoplasma in human small intestine, as well as for the 
investigation of their pathogenic potential. 

4. Structural Changes . In CNSD of childhood, 
SEM of biopsied small bowel mucosa could demonstrate 
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occasional morphologic changes, which are mentioned 
only briefly, because they are uncommon. There is 
occasional partial villous atrophy (Fig. 24), or focal 
villous atrophy (Fig. 25) exposing crypt openings [69, 
71, 73]. There may be partial ablation ofmicrovilli with 
their glycocalyx (Fig. 26) and such changes have been 
found in the vicinity of Candida species [73]. Lastly, 
clumping of microvilli (Fig. 27) was observed [69], 
which gives the surface the appearance of "cracked 
clay", similar to observations in experimental animals 
after perfusion of the intestine with hydroxy fatty acids 
[32] . The possibility of an artefact cannot be excluded. 

5. Loss of Glycocalyx. Without the help of SEM, 
this newly described and interesting lesion could 
probably not have been found [72]. In a series of 10 
children with intolerance to a variety of dietary proteins, 
cow's milk protein in particular, a widespread loss of 
the glycocalyx was identified, which was seen on all 
villous structures of the biopsy. Infants with cow's milk 
protein intolerance (CMPI) often show failure to thrive 
in addition to chronic diarrhea, and as a morphologic 
correlate, significant damage to the intestinal mucosa , 
such as partial or subtotal villous atrophy, has been 
identified by light [27, 53], and transmission electron 
microscopy [90]. 

In the report regarding older infants and children 
with CMPI and intolerance to other dietary protein [72], 
the mucosa! structure was normal, but the feature of 
particular interest was the loss of the glycocalyx (Fig . 
28, 29) . As a corollary, disaccharidase activitie s were 
greatly depressed (Fig. 30), which is not astonishing, 
since disaccharidases and other brush border hydrolases 
are intimately associated with the glycocalyx or fuzzy 
coat [46]. 

The pathogenesis of the loss of the glycocalyx is not 
understood. The glycocalyx, composed of weakly acid 
mucopolysaccharides produced by the enterocyte, is an 
integral component of the cell and is intimately 
associated with the brush border membrane [45]. In 
vitro, it cannot be removed by enzymes or detergents, 
and usually only extruded cells or dead cells lose their 
glycocalyx. However, in the mucosa of children with 
food protein intolerance evidence of obvious cell damage 
is lacking, as seen by TEM. Once the offending dietary 
protein was removed, the glycocalyx slowly reformed 
and brush border enzymes returned to normal levels, but 
the latter process can take weeks or months [72]. 

The discrepancy between a normal small bowel 
mucosa in the presence of disaccharidase deficiency 
and/or abnormal carbohydrate tolerance tests in patients 
with CMPI and normal histology mentioned by Harrison 
and Walker-Smith [41] by Iyngkaran et al [44] and by 
Morin et al [64], seems now explained by the loss of 
glycocalyx. 
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Figure 19: 27-months-old child. CNSD, extrusion of 
cytoplasmic blebs (bar 10 µm). 

Figure 20: 33-months-old child. CNSD. Aggregate of 
sloughed nonkeratinized epithelial cells from the 
oropharynx with bacteria. Single cells or aggregates 
stick to the surface of enterocytes (bar 100 µm). 

Figure 21: Six-year-old child. CNSD. Micro-organisms 
resembling mycoplasma spp., arranged in beaded chains 
and short filaments with bulbous ends. Micro-colonies 
marked by arrows (bar 1 µm). 

Figure 22: 36-months-old child. CNSD. Mycoplasma
like micro-organisms on mucosa! surface arranged in 
beaded chain. Few coccoid elements on the surface 
(arrows) (bar 1 µm). 

Figure 23: Three-year-old child. CNSD. Mycoplasma
like micro-organisms arranged in several beaded chains 
which also divided (bar 10 µm). ' 

Figure 24: 18-months-old child. CNSD . Villous 
structures of decreased height, very narrow intervillous 
spaces - partial villous atrophy (bar 0.1 mm). 

6. Surface Ultrastructure of the "Flat Mucosa". 
Several conditions associated with chronic diarrhea in 
children have been identified, common to all of which is 
a "flat mucosa" as seen by LM. These conditions are 
celiac disease, severe CMPI, soy protein intolerance 
(toxicity), and microvillous inclusion disease . Whereas 
by LM, vague nuances in the appearance of enterocytes 
may be distinguished between these conditions, along 
with changes in the lamina propria, SEM is able to 
define many more ultrastructural details on the mucosa! 
surface which readily help to separate these conditions 
from one another. 

6.1. Celiac disease (gluten-sensitive enteropathy). 
The classical lesion, as seen by light microscopy, is a 
"flat mucosa", with crypt hyperplasia and significant 
infiltration of the lamina propria by immunocytes, and 
increased presence of intraepithelial lymphocytes. 
Whereas the intestinal lesion in celiac disease has been 
extensively studied by TEM [89], accounts of 
investigations by SEM are few. 

Examination of flat celiac mucosa (not partial 
villous atrophy) by SEM suggested initially three grades 
of severity of mucosa! damage [70, 79]. However, it 
now seems apparent that this classification can be 
extended to four gradations (SEM grade 1 to 4): SEM 
grade 1: broad, convoluted, meandering villous 
structures of markedly decreased height and with only 
occasional "crypt wells" [80] (Fig. 31); SEM grade 2: 
a fairly uniform picture of "crypt wells" [89], composed 
of circular collar-like villous structures, again of 
markedly decreased height (Fig. 32); SEM grade 3: 
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markedly flattened villous structures with rows of 

enterocytes arranged in circular fashion around crypt 

openings, which are situated on mound-like elevations 

(Fig. 33). Enterocytes of all these mucosae are still 

covered in part with some glycocalyx and this is in 

opposition to the mucosa) injury found in protein 

intolerance of other cause, where villous structures are 

preserved (CMPI in infants excepted), whereas the 

glycocalyx had disappeared [72]; SEM grade 4: a total

ly flat lesion also by SEM, without any recognizable 

structural arrangements of enterocytes, only crypt 

openings are seen (Fig. 34). This is also confirmed by 

TEM. 
In addition, and in the SEM grade 2 celiac mucosa, 

peculiar changes have been identified on the mucosa! 

surface: well circumscribed, punched-out lesions of vari

able size but of uniform depth, which are due to ablation 

of the entire brush border membrane (Fig. 35). The 

etiology and pathogenesis of this lesion is unexplained 

and it is not known whether it is unique to mucosa! 

damage in celiac disease. Disaccharidase activities are 

depressed in all four grades of mucosa) damage, most 

notably in grades 3 and 4. 
The investigation of celiac mucosa by SEM has 

attracted the interest of several groups [15, 67, 93], who 

monitored mucosa) rebuilding during treatment with a 

glutenfree diet: whereas fairly good correlation between 
SEM and LM was documented by Halter et al [ 40], and 

by Stenling et al [93], this was not confirmed by 
Carpino et al [15]. This reforming of villous structures 

is an interesting process which occurs at variable speed 

[ 15, 67, 93] whereby velocity of regrowth seems 

independent of the severity of the initial lesion. Factors, 
such as strict adherence to a gluten-free diet or lack 

thereof and other yet unknown events, are probably 
responsible. Furthermore, like with most conditions 

producing small intestinal mucosa) disease, there exist 

also in celiac disease "patchy lesions" [87], which make 

interpretation difficult not only in regard to the extent 

and severity of the initial lesion, but also with reference 

to the dynamics of villous regrowth. 
It is not known whether the different degrees of 

mucosa) injury in celiac disease, as identified by SEM, 

represent the individual vulnerability of the mucosa, the 

duration and/or intensity, or both of gluten exposure, or 
exposure to various genetic brands of wheat. It seems 

fairly certain that genetic determinants are important in 

toxicity-type interactions between host mucosa and grain 

lectins, believed to play a role in the pathogenesis of this 

disease [5, 52, 98]. 
6. 2. Soy Protein Intolerance. Infants with 

intolerance (toxicity?) to soy protein may have a flat 

mucosa by LM [3, 74] and failure to thrive is the 

consequence. The extent and variability of the mucosa) 
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Figure 25: 16-months-old child. CNSD. Partial villous 
atrophy with crypt wells (bar 1 µm). 

Figure 26: 29-months-old child. CNSD. Presence of 

Candida with partial ablation of brush border 

membrane. Frequent ear infections, frequent antibiotic 
therapy (bar 1 µm). 

Figure 27: 20-months-old child. CNSD. Clumping of 

microvilli, which involved large areas of the surface (bar 
1 µm). 

Figure 28: 17-months-old child. Food protein 

intolerance (cow's milk). Complete loss of glycocalyx 

making tips of microvilli well visible. Center: goblet cell 
(bar 1 µm). 

Figure 29: 15-months-old child. Food protein 

intolerance (cow's milk). Loss of glycocalyx: tips of 

microvilli are well visible. Cell borders are indistinct 
(bar 1 µm). 

Figure 30: Disaccharidase activities in 10 patients with 

intolerance to dietary protein, particularly cow's milk 

protein. Two patients were re-biopsied after omission of 

offending dietary protein. 

lesions are better demonstrated by SEM than by LM 

[74]: it seems that, the younger the infant, the more 

vulnerable the mucosa, and the more extensive the 

ultrastructural changes (Fig. 36). Older infants, although 
still with a severe lesion, may have more patchy 

changes, even within a given biopsy specimen: remnants 

of villous ridges alternate with ultrastructurally flat areas 

and visible crypt openings [74] (Fig. 37). Changes of the 

surface ultrastructure in soy protein intolerance differ 

from those seen in celiac disease or in severe CMPI. At 

a younger age, the villous structures are not 

recognizable as much as there is significant damage to 

the enterocytes. Later, the glycocalyx thins out, but does 

not disappear . Following the withdrawal of the soy 

protein, the villous structures re-grow within a few 

weeks [74], probably faster than in celiac disease. 

However, further studies are needed to delineate more 

fully the process of recovery. 
6.3. Intolerance to Cow's Milk Protein (CMP). 

Intolerance to CMP in infants has been associated with 

a flat mucosa by LM [27, 53], and with ultrastructural 

changes as seen by TEM [90]. By SEM, the infantile 

small bowel mucosa does not appear as severely 

damaged as in soy protein intolerance or in celiac 

disease, although the height of the villous ridges is 

depressed to a significant extent [73] . The remnant 

villous structures are crowded together and there is little 

intervillous space (Fig. 38). The enterocytes on the 

surface show "crowding", giving the villi a com-cob-like 

appearance. "Cell crowding" is probably due to a loss of 



SEM in Chronic Childhood Diarrhea 

30 
■ M.J., llrsl biopsy + normal moon a M.J., second biopty 

:!: ISO 
• F.B., first blop1y 
6 F .8 ., HCOnd biop1y 

.............. lower llmlt1 
• A.A., contlderable mucu& of normal 

covering mucoa■ I aurf•c• 

!, ., 
0 • a 
"' :, 100 
.; C: 

"' 
·;;; 

~ 80 400 0 

~ 
a a 

"' 0 
60 :5 !!!. • 300 6 

ai .; ····• ····· 
"' "' 

.~ . 

a !! .. 
t; 40 

.6 200 ~ :, •• 
"' 6 ••• w 

2:J 
.. \·~- •••• 100 

"' •• ••• .. •.,:! ••• ti • • .. 0 _J 
LAClASE SUCRASE ISOMALTASE MALT ASE 

1049 



J. Rainer Poley 

matrix or cytoplasm, or due to changes in the 

cytoskeleton. Widespread loss of the glycocalyx is seen 

as well, distinguishing this lesion from the flat mucosa 

of other cause. 
6.4. Microvillus Inclusion Disease. This rare 

condition is characterized by secretory diarrhea which 

develops in early life [23, 24]. By LM there is a flat 

mucosa with hypoplastic crypts and in the apical portion 

of enterocytes, PAS-positive material may be seen, 

which is not associated with macrophages. Characteristic 

and diagnostic findings are seen by TEM [23, 68, 73], 

microvillous inclusions in particular, which may be 

found in subapical regions, in the space between 

basolateral membranes of adjacent cells, as well as in 

the cell interior (Fig. 39, 40). In the cell interior, the 

microvillus inclusions may be associated with lysosomal 

structures [23, 73]. 
By SEM, the appearance of the surface architecture 

of the villous remnants is quite unique and unlike that 

seen in any other entity associated with a flat mucosa 
(Fig. 41-44). The villous ridges are stunted and show a 

marked cellular disarray . Many enterocytes appear 

"bald", i.e., without any or with only a very scarce crop 

of microvilli. Occasional cells still have decent 
microvilli, however these are stubby and short. About 
85 % of all enterocytes bearing microvilli lack a 
glycocalyx. 

The natural history of microvi llous inclusion disease 
indicates that most patients do not survive, since the 

process of mucosa! disease seems to be progressive and 
later on (J.R. Poley, unpublished data), the mucosa 

consists only of basal membrane with interspersed , nest

like remnants of glandular structures (Fig. 45) . Analysis 

of structural mucosa! proteins in microvillous inclusion 

disease is quite different from that in health [16, 23]. 

This finding, as well as the secretory diarrhea, suggest 

that the underlying pathology in this condition may be 

failure of enterocyte differentiation, i.e . , the 

differentiation from a secretory ( crypt) to absorbing 
(villous) epithelium. 

7. Isolated Disaccharidase Deficiencies. Isolated 
lactase and sucrase-isomaltase deficiencies are inherited 

disorders of carbohydrate digestion, characterized by a 
marked decrease of the respective brush border enzyme 

level in the presence of a normal histology by LM. 

Whereas in isolated lactase deficiency, other 

disaccharidases are normal, maltase and gluco-amylase 

activities are depressed to a variable extent in sucrase

isomaltase deficiency. Preliminary data on structural 

topography in these disorders have been published [73] . 

7.1. Isolated Lactase Deficiency. The mucosa! 

pattern as seen by SEM is normal; however, there is 

more mucus on the mucosa! surface (Fig. 46), as 

compared with the situation in health, and this may be 
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Figure 31: 13-months-old child. Gluten-sensitive 

enteropathy (GSE). GSE grade I. Markedly depressed 

villous structures, arranged in linear fashion. Occasional 

crypt well (not shown). Some mucus covering the 
surface (bar 0.1 mm). 

Figure 32: 17-months-old child. GSE. Mucosa} atrophy 

with predominant crypt wells (SEM Grade II) (bar 0.1 
mm). 

Figure 33: 17-months-old child. GSE (SEM Grade III). 

Flat mucosa. Circular arrangement of enterocytes around 

crypt openings, which appear mound-like (bar 0.1 mm). 

Figure 34: 20-months-old child. GSE. (SEM Grade IV). 

Visible are crypt openings (bar 0.1 mm). 

Figure 35: 10-year-old child . GSE (GSE grade 11). 

Focal ablation of brush border membrane, exposing 

plasma membrane of enterocytes (bar 1 µm). 

Figure 36 : Three-months-old infant with intolerance to 

soy protein, malabsorption, failure to thrive and villous 
atrophy (bar 0 .1 mm). 

related to events discussed earlier, i.e., the increased 
secretion of mucus in presence of hypertonic solutions, 
such as undigested lactose . Individual cells on the villous 

surface have a normal aspect and arrangement and the 
cell borders are easily distinguishable. The appearance 

of the brush border and glycocalyx is normal. Locally , 

there may be increased extrusion of cells and cytoplasm, 

which could also be due to the osmotic effects of 
undigested lactose. 

7.2. Sucrase-Isomaltase Deficiency. By SEM, 

villous architecture appears normal, yet fairly large areas 

(more so than in isolated lactase deficiency) of the 

mucosa! surface are covered by mucus (Fig. 47). The 

reasons for the markedly increased presence of mucus 

on the surface are not clear, but may relate to similar 

phenomena of increased mucus secretion seen in some 

patients with CNSD and sucrose intolerance. 

Furthermore, the hypothesis is advanced that the muco

tractive effect of undigested sucrose is more pronounced 

than that of lactose. The brush border and glycocalyx 

appear more "compact" than controls, or with isolated 
lactase deficiency. However, this finding could also be 

a variation of normal. On rare occasions microorganisms 

resembling filamentous forms of mycoplasma may be 

seen attached to the mucosa! surface. The latter finding 

has no influence on the pathogenesis or expression of 

this enzyme deficiency . 
8. Rota virus Enteritis. Rotavirus, of which several 

serologic types are known [34], is the most common 

cause of acute gastroenteritis in infants and children 

worldwide. It may cause transient lactase deficiency 
and/or malabsorption of those hexoses requiring active 
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transport for their absorption, i.e., glucose and 

galactose. 
As in experimental studies in piglets [95], there is 

depression of villous height, akin to flat mucosa, which 

is readily appreciated by SEM (Fig. 48, 49). There is 

also significant deposition of mucus on the mucosal 

surface. In areas not covered by mucus, cell outlines are 

irregular and enterocytes are of variable size, appearing 

"crowded" together, probably due to loss of cell plasma. 

The variable size of enterocytes also suggests 

disturbances of the integrity of the cytoskeleton (Fig . 
50). 

Borders of individual enterocytes are well outlined, 
and there is focal loss of glycocalyx and fraying of 

microvilii . In analogy to studies in piglets [95], and in 

suckling mice [21], the abnormal appearing enterocytes 

are probably infected cells and may not function 

properly, particularly in regard to carbohydrate digestion 

and absorption. Enterocytes covered by mucus do not 

permit identification of surface details . Resolution of 

infection restores villous architecture to normal. 
As seen by SEM, infection of the small bowel with 

rotavirus causes more widespread structural damage as 

well as damage to the surface of enterocytes. Although 

possibly patchy in distribution , the ultrastructural 
changes may explain the problem with carbohydrate 

digestion and absorption, clinically manifest as the "post
viral enteritis syndrome". 

9. Protracted Diarrhea of Infancy. Protracted 
diarrhea of infancy may have a well-defined etiology 
[54], yet in about 1/4 of infants , no specific diagnosis is 

obtained. Failure to thrive is common and the diarrhea 

may not be amenable to conventional therapy. Treatment 
with total parenteral nutrition is often life-saving. 

The appearance of the mucosa by SEM suggests 

partial villous atrophy and the surface is invariably 

covered with mucus, suggesting increased secretory 

activity. In addition, there may be focal villous atrophy 

with appearance of crypt openings (Fig. 51) . The 

volume of enterocytes seems to be reduced, with poor 

cell-to-cell contact, making cell borders irregular. 

Numerous microvillar blebs indicate degeneration of 

microvilli. On the mucosa! surface, microorganisms may 

be seen either as small coccoid chains or as filamentous 

forms, bearing morphologic resemblance to mycoplasma 

species, but remaining otherwise unidentified. 

Resolution of the pathologic process leads to 

mucosal recovery with reappearance of normal 

morphology and glycocalyx. The examination of the 

intestinal mucosa by SEM in protracted diarrhea of 

infancy does not provide clues as to the cause of this 

disorder; however, colonization with certain 

microorganisms , not seen by light microscopy, may be 

a consequence of mucosal damage and such damage 
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Figure 37: Infant with intolerance to soy protein. 
"Micropatchy" lesion with marked mucosa! atrophy on 

the right side, and moderate mucosal damage on the left 

(bar 0.1 mm). 

Figure 38: Six-months-old infant with milk protein 

intolerance. Villous atrophy with cell crowding, "corn

cob" appearance (bar 0.1 mm). 

Figure 39: Nine-months-old infant with rnicrovillus in

clusion disease. Microvillus inclusion body in center of 

cell (arrow) associated with lysosomal structure. Imma

ture secretory granules towards lumen. Short microvilli 
(bar 10 µm). 

Figure 40: Microvillus inclusion disease . Microvillus 

inclusions in apical portions of mucosal cells (bar IO 

µm). 

Figure 41: Microvillus inclusion disease. Villous ridges 

of decreased height, "hobnail" -like surface because of 

varying size of cells and loss of cell matrix (bar 0. 1 

mm). 

Figure 42: Microvillus inclusion disease. "Enterocytes" 
without microvilli (bar 1 µm). 

could be further enhanced by the action/presence of such 

microorganisms. 
10. Chylomicron Retention Disease. This is a 

recently described disorder, where chylomicrons are 

formed within the intestinal mucosa, but cannot be 

released from the cell into the lymphatics [81]. By SEM , 

chylomicrons of variable size may be seen in the cell 

interior (Fig. 52) or on the mucosa! surface, but they 

could be extruded with or without cytoplasm. The 

increased presence of chylomicrons in the cell interior is 

confirmed by TEM (Fig. 54). Presence of chylomicrons 

on the cell surface may not only suggest chylomicron 

retention disease, but could also be seen in intestinal 
lymphangiectasis. 

11. Gastric Metaplasia of the Small Intestine. 
Gastric metaplasia or gastric heterotopia of the small 

intestine has been described in celiac disease of adults 

[96], and has also been seen in children with the same 

disorder (J.R. Poley, unpublished observation). Gastric 

heterotopia has also been seen in necrotizing 

enterocolitis [28], in Crohn's disease [56] and in peptic 

ulcer disease [58]. Conversely, intestinal metaplasia of 

the gastric mucosa has also been observed in peptic 

disorders [55]. The etiology of gastric heterotopia is 

unclear, but is probably a nonspecific response of the 

intestinal mucosa to damage by a variety of noxious 

stimuli. 
By SEM, the intestinal mucosa with gastric 

heterotopia may appear in two different aspects. The 

first is a flat mucosa with gastric cells on the surface , 



SEM in Chronic Childhood Diarrhea 

1053 



J. Rainer Poley 

and its appearance is similar to that of gastric mucosa in 

a Meckel's diverticulum (Fig. 55). The flat mucosa and 

gastric glands are also easily identified by LM . The 

second, villous form, of gastric heterotopia is more 

difficult to detect by LM, because there are "intestinal" 

villi, covered with enterocyte-like cells, but their surface 

details escape detection. It is particularly here that SEM 

is helpful in identifying changes on the cell surface, i.e., 
gastric-type cells (Fig. 56, 57). It is not known whether 

the villous form of gastric heterotopia is a forerunner to 

the more "classic form", where villi have disappeared or 

are much decreased in height. 
12. Visceral Myopathy . Visceral myopathy is rare 

congenital disorder which is characterized by the clinical 

picture of chronic idiopathic pseudo-obstruction of the 

entire intestinal tract, often associated with similar 

anomalies of the urinary collecting system [85, 86]. The 

enteropathy is a myopathic disorder caused by degenera

tion of the smooth muscle . The ganglion cells and 

neuronal system seem to be intact morphologically. 

Since these children cannot be fed, they have to be sus

tained by total parenteral nutritional administered via a 

central venous line. The intestinal mucosa! pathology is 

of interest, since one is looking at an "unfed" (no enteral 
nutrition) gut. 

Studies by SEM show that the villous structures are 

short, plump and show very little surface relief or other 

characteristics (Fig. 58 , 59). In particular, the cell bor
ders are not visible and one encounters a decreased num

ber of goblet cells. The glycocalyx is very ill-defined . 

13. Villous Asthenia. There are occasional patients 

presenting with chronic diarrhea, malabsorption and 

poor weight gain, where light 1nicroscopy fails to give 

a clue as to the pathophysiology of this disorder. By 

contrast and by SEM, the mucosa! ridges appear very 

narrow, thin and frail (asthenic), but are of normal 

height, the intervillous space is increased and per square 

unit of measurement, less mucosa! surface is available 

for absorption (Fig. 60). Morphologically, the surface 

architecture of the enterocytes is intact, and the glyco

calyx appears normal as well. It is postulated, but has to 

be proven, that in some children with diarrhea and fail

ure to thrive, villous asthenia or simply a reduced mass 

of mucosa (cause unknown) may be responsible for the 
symptoms. 

Summary 

In reviewing the application of SEM to routine use 

in pathology and biomedical research, Carr and Toner 

(1) have made two important statements: first, "SEM 

has provided the role of teacher and illustrator, as well 

as diagnostic pathologist, technologist and biologic 

scientist". Second! y, they have at last corrected the 
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Figure 43: Microvillus inclusion disease. Surface of 

enterocytes with an abnormal appearance. Note cells 

with absent microvilli, marked by asterisks (bar 1 µm). 

Figure 44: Microvillus inclusion disease. Several cells 

have microvilli, some even with a glycocalyx (arrow). 

Not excessively long rootlets of some microvilli (arrow

heads). "Tubular" material stains PAS positive [asterisk] 

(bar 1 µm). 

Figure 45: Microvillus inclusion disease. Progressive 

mucosa! destruction . Villous structures consist merely of 

basement membrane (asterisk), surrounding cellular 

aggregates in crypt-like arrangement identified by arrows 

(bar 0.1 mm). 

Figure 46: 11-year-old child with isolated lactase 

deficiency. Normally structured mucosa; however, there 

is some mucus on the surface ( effect of undigested 

lactose?) (bar 10 µm). 

Figure 47: Four-year-old child with sucrose-isomaltase 

deficiency . As in some cases of chronic nonspecific 

diarrhea , increased mucus on mucosa! surface. Undi

gested sucrose has some mucotractive effect (bar 0.1 
mm). 

Figure 48: 21-months-old child with rotavirus enteritis. 

Villous atrophy, with visible crypt openings (bar 10 

µm). 

the widespread view that SEM was only giving "images 

of lunar landscapes which evoke an impression of 

unreality and expensive irrelevance". 
Much beyond providing "pretty pictures", SEM has 

definitely come of age and has been eminently useful 

when applied routinely in the study of small bowel 

mucosa. It is likely that further studies on the 

ultrastructural topography of various other human tissues 

may be somewhat limited for some time, because of the 

limited availability of facilities with the appropriate 

hardware, and because of the relative scarcity of 

experienced scanning electron microscopists. More 

cooperative efforts between clinicians and basic scientists 

should further the cause for the routine use of SEM in 

diagnostic small intestinal pathology. 
SEM is vastly superior to LM and the dissecting 

microscope in the examination of surface and structural 

details of biopsied small intestinal mucosa. SEM has 

identified hitherto unknown and/or unsuspected changes 
involving structure and surface architecture of 

enterocytes and has also been useful as a diagnostic tool. 

In any work with SEM for the study of biologic 

specimens, and in small bowel in particular, it is 

important to combine work by SEM, with LM, TEM, 

brush border enzymes and other techniques to avoid 

pitfalls in interpretation and to distinguish pathologic 
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changes from artifacts. 
What about the future of SEM and intestinal 

mucosal patholoqy? New scanning electron microscopes 
are equipped with additional features, such as x-ray 
microanalysis and back-scattered electron imaging with 
computer-enhanced image processing. If properly used· 
in relevant and appropriate studies, SEM seems to have 
a bright and almost unlimited future for the study of the 
pathology of the gastrointestinal tract and of other organ 
systems. · 
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Discussion with Reviewers 

P.G. Toner: In section 2, the author suggests that 
certain changes may be due to "loss of cell plasma" or 
"disturbances of the integrity of the cytoskeleton". 
Would he care to justify or expand upon these 
statements? 
Author: The appearance, by SEM, of the changes of 
enterocytes are made by inference and on the basis of 
other studies documenting such cell damage (Science 
1982; 217: 1257-1259). 

P.G. Toner: Where descriptions and illustrations of 
ultrastructural findings in particular clinical conditions 
are based on the author's personal observations, would 
he indicate the numbers of cases examined on which 
these statements are based? 
Author: All conditions (patients) described are based on 
the author's personal observations. In particular, the 
conditions and numbers of patients are listed below: 
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Chronic nonspecific diarrhea 170 
Milk protein intolerance 14 
Soy protein intolerance 2 
Giardiasis 8 
Cystic fibrosis 6 
Gluten-sensitive enteropathy 12 
Isolated lactase deficiency 6 
Isolated sucrase-isomaltase defic 2 
Microvillus inclusion disease 1 
Rotavirus enteritis 3 
Protracted diarrhea of infancy 2 
Chylomicron retention disease 1 
Visceral myopathy 1 
Villous asthenia 2 

P.D. Millikin: In Figure 4, is it possible that the less 
prominent cell convexities at the base of the villus are a 
matter of focus? 
Author: Yes. Immature enterocytes in lower portion of 
the villus are less prominent and have less clearly 
defined cell borders. 

P.D. Millikin: In Figures 6 and 7, how do we know 
that the glycocalyx is actually obscuring the tips of the 
microvilli, and that the pattern is not an artefactual 
change? Is there corroborative evidence from TEM, for 
example? 
Author: There is excellent corroborating evidence by 
TEM that the tips of the microvilli are indeed covered 
by glycocalyx or the fuzzy coat. Hence, by SEM and in 
health, the tips of the microvilli cannot be seen. 

P.D. Millikin: Similarly , in Figure 8, although the cell 
borders are raised, the microvilli appear markedly 
flattened. What is the evidence that this is not an 
artefact? 
Author: One cannot say that the microvilli are flattened 
on this view. Unclear is why the cell borders are raised 
- it is probably a variation of normal, or could be a 
fixation artefact. 

P.D. Millikin: Figures 9, 10, 12, 13 show the mucosa! 
surface covered with mucus. Did you make the usual 
efforts to remove the mucus and find it resistant, or did 
you simply leave the mucus in situ to illustrate a point? 
Author: No effort was made to remove the mucus, 
since documentation of its presence was considered 
important. A thick layer of mucus can be a formidable 
barrier to absorption . 

P.D. Millikin : When the mucosa is normal but there is 
clinical carbohydrate intolerance, is there any 
information about the quality of the mucus? Is it 
chemically abnormal in some way, or is there just 
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hypersecretion of normal mucus? 
Author: In conditions of clinical carbohydrate 
intolerance, there is little if any information on the 
chemical composition of mucus. Most likely, however, 
there is hypersecretion of normal mucus. 

P.D. Millikin: In Figures 28-29, is there corroborative 
evidence that the loss of glycocalyx is real and not an 
artefact of preparation? TEM evidence, for example? 
Author: The loss of the glycocalyx as demonstrated in 
these figures is most likely not an artefact. Such loss has 
only been demonstrable in mucosae from patients with 
intolerance to dietary protein. In over 250 mucosa! 
biopsies from children with other causes of chronic 
diarrhea, as well as from controls, a loss of glycocalyx 
was never seen. 

P.D. Millikin: In Figure 35, is it possible that the 
"ablation of the brush border membrane" may actually 
represent separation between 2 adjacent enterocytes, 
exposing cells in the underlying lamina propria? Any 
evidence, one way or the other? 
Author: It is believed very unlikely that the 
phenomenon of "ablation of portions of the brush border 
membrane" represents separation between 2 adjacent 
cells. By contrast, the cells remain in close contact with 
each other which can be verified by TEM. 

P.D. Millikin: At the clinical level, bow was intolerance 
to carbohydrates determined? 
Author: Clinical intolerance to carbohydrates (lactose, 
sucrose) was determined by routine carbohydrate 
tolerance tests. 

P.D. Millikin: How was disaccharidase insufficiency 
determined? 
Author: Disaccharidase insufficiency was determined by 
assay of brush border enzymes (lactase, sucrase, 
maltase, isomaltase). 
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