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Summary

The neonatal and paediatric spectrum of small bowel disorders encompass a wide variety
of conditions, ranging from food allergies to life-threatening surgical emergencies or life-
long medical conditions and, as such, it comes with a whole set of diagnostic challenges
for the non-paediatric pathologist. Histologic examination is a cornerstone of diagnosis in a
large number of diseases and may still provide important diagnostic clues in the appropri-
ate clinical context. In this review, divided in two sections, we aim to provide a comprehen-
sive histopathological summary of paediatric small bowel alteration and their differential
diagnoses with a reference to the main clinical aspects required for appropriate interpreta-
tion. Specifically, in this first part, we describe congenital and metabolic disorders, intesti-
nal lymphangiectasia, immunodeficiencies, GVHD, and necrotising enterocolitis.

Key words: congenital disorders, GVHD, histopathology, immunodeficiencies, intestinal
lymphangiectasia, necrotizing enterocolitis, pediatric diseases, small bowel

Introduction

Histopathologic analysis of small intestinal biopsies plays an important
role in the diagnostic work-up of most enteropathies affecting children,
as it does in adult intestinal disorders. Indeed, a correct diagnosis is
of pivotal importance to establish tailored treatments, such as immu-
nosuppression or, in selected cases, even small bowel transplantation.
However, paediatric small bowel disorders may represent diagnostic
challenges for both pathologists and clinicians. The aim of this review
is to describe the histopathology of the main small intestinal disorders
affecting neonates and/or children.

During embryogenesis, small bowel villi appear in the 8th gestational
week, firstin the duodenum and then more distally, reaching the ileum by
the 12th week. Columnar absorptive cells with a brush border develop by
9th week, goblet cells appear within crypts in the 8th week, followed by
Paneth cells and neuroendocrine cells in the 9th week. Stem cells within
the crypts renew such epithelial cells every 3-4 days. The process of in-
testinal villous formation is orchestrated by a complex endodermal-mes-
odermal cross-talking, involving the Notch pathway. Therefore, germline
mutations in several genes which play a role in epithelial differentiation
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and specification of absorptive or secretory (goblet,
Paneth and neuroendocrine cells) lineages may result
in clinically relevant enteropathy.

The main indications for small bowel biopsy sam-
pling in neonates and children are malabsorption
syndrome with chronic diarrhoea, failure to thrive
and abdominal pain. Small bowel biopsy samples
for histopathologic examination in paediatric pa-
tients with gastrointestinal symptoms suspicious for
enteropathies are most often obtained from the du-
odenum during oesophago-gastro-duodenoscopy.
Beyond samples for routine histology, additional bi-
opsy specimens may be snap-frozen or submitted for
ultrastructural analysis by electron microscopy, when
indicated by clinical hypothesis (e.g. microvillous in-
clusion disease). It should be stressed that the distri-
bution of infancy enteropathies is often patchy; thus,
multiple biopsy sampling, including both proximal
and distal duodenum, is recommended. In addition,
endoscopically inflamed and normal areas should
be biopsied, as relevant histologic findings may be
identified also in apparently normal mucosa (e.g. mi-
crogranulomas). Duodenal biopsy may appear com-
pletely normal in some disorders (mainly related to
congenital transport and enzymatic deficiencies), or
may show villous atrophy or specific histopathologic
findings. The main paediatric disorders causing vil-
lous atrophy include coeliac disease, autoimmune
enteropathy, immunodeficiency-related enteropathy,
bacterial overgrowth, gastrointestinal food-allergic
disease and Crohn’s disease. Characteristic histo-
pathologic lesions indicating a specific clinico-patho-
logic entity encompass i) fat-filled enterocytes (typi-
cal of abetalipoproteinaemia or Anderson disease),
i) ectasic lymphatics (found in primary or secondary
lymphangiectasia), iii) dense inspissated mucous
(suggesting cystic fibrosis), iv) epithelial abnormali-
ties (typical of microvillous inclusion disease and tuft-
ing enteropathy), v) increased eosinophilic density
(which may suggest a eosinophilic gastroenteritis) °,
and vi) absence or paucity of inflammatory cells or
plasma cells (as found in some immunodeficiency
syndromes).

Congenital transport and enzymatic
deficiencies

Several congenital disorders of substrate digestion,
absorption and transport have been described. The
main subgroups included in this family are: i) disac-
charidase deficiencies, ii) lipid trafficking disorders,
and iii) ion and nutrient transport deficiencies. Apart
from fat processing disorders, which may show rela-

tively specific histopathologic features, small bowel
histology of these enteropathies is generally normal or
near normal and genetic analysis is required for their
definitive diagnosis.

Congenital disaccharidase deficiencies are rare,
genetically determined entities, that comprise: i) con-
genital lactase deficiency, ii) sucrase-isomaltase de-
ficiency, iii) maltase-glucoamylase deficiency, and
iv) trehalase deficiency. Lactase-phlorizin hydrolase,
sucrase-isomaltase, maltase-glucoamylase and tre-
halase are enzymes responsible for degradation of
milk lactose, sucrose, starch, and mushroom treha-
lose, respectively. These enzymes are expressed
on the brush border of villous absorptive cells in a
time-dependent pattern (e.g. lactase is mainly ex
pressed in neonates). Disaccharidase deficiencies
cause a severe, osmotic-type diarrhoea in children.
Importantly, small bowel mucosa looks histologically
normal. Congenital disaccharidase disorders should
be distinguished from secondary disaccharidase de-
fects due to mucosal damage occurring in various
enteropathies of different aetiology (e.g. coeliac or
Crohn’s disease) and from other disorder leading to
carbohydrate malabsorption such as congenital fruc-
tose malabsorption, due to mutation in GLUT5 gene,
which encodes for a hexose transporter at enterocyte
basolateral membrane.

Congenital lipid trafficking disorders are characterized
by primary defects in lipid transport within absorptive
cells, resulting in fat malabsorption, steatorrhoea,
failure to thrive and various neurologic symptoms
in neonates. They include i) abetalipoproteinaemia,
ii) hypolipoproteinaemia, and iii) Anderson disease.
They are caused by defects of some apolipoproteins;
thus, fatty acids accumulate in the cytoplasm of en-
terocytes. In particular, abetalipoproteinaemia, which
is caused a MTTP gene mutation, results in the lack
of apo-B-containing lipoproteins 2. Laboratory findings
show absence of very-low-density lipoproteins. Small
bowel biopsies are helpful for diagnosis, as they may
show fat-filled, multivacuolated enterocytes, contain-
ing cytoplasmic lipid droplets. As a rule, villous atrophy
is not observed. In addition, liver steatosis and fibro-
sis may be present. Electron microscopy examination
may confirm that enterocyte vacuolisation is due to
lipid accumulation. It should be kept in mind that lipid
droplets can be also seen in normal individuals after
a fat-rich meal.

Hypobetalipoproteinaemia is an autosomal dominant
disorder due to an APOB gene mutation, which re-
sults in a truncated apo-B protein. While homozygous
patients display a phenotype resembling abetalipo-
proteinaemia, heterozygous individuals may have a
milder presentation. Anderson disease (chylomicron
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retention disease) is caused by a mutation of SARB1
gene, which encodes for a guanosine triphosphatase
(GTP-ase) involved in intracellular chylomicron traf-
ficking. Clinically and histologically, Anderson disease
resemble abetalipoproteinaemia, although it usually
shows less severe neurologic manifestations and less
enterocyte vacuolisation. In addition, lipid droplets
may also be identified in the intercellular/extracellu-
lar spaces after feeding in Anderson disease, unlike
abetalipoproteinaemia. Differential diagnosis of lipid
trafficking disorders includes lipid storage disorders,
which may feature lipid-containing macrophages in
the small bowel lamina propria. Such macrophages
may be also observed in Tangier disease, a rare dis-
order caused by deposition of cholesteryl ester in the
reticulo-endothelial system and very low plasma lev-
els of high-density lipoproteins (HDL).

lon and nutrient transport deficiencies are a large and
genetically complex family of disorders and their de-
tailed description is beyond the scope of this review.
Small bowel biopsies may show mild villous atrophy
in rare instances; however, in the majority of cases
they are unremarkable 3. An example of ion transport
deficiency is the so-called “acrodermatitis enteropath-
ica; a rare autosomal recessive syndrome, that will be
discussed in another section. Another relevant exam-
ple of electrolyte transport defect is cystic fibrosis, an
autosomal recessive disorder affecting 1 of 2,500 live
birth. It is caused by CFTR gene mutation, resulting in
the production of dense secretions in both the airways
and digestive system.

Congenital defects of small intestine
epithelial differentiation

They include: i) microvillous inclusion disease, ii) tuft-
ing enteropathy, iii) enteroendocrine cell dysgenesis,
and iv) trico-hepato-enteric syndrome 4.

MICROVILLOUS INCLUSION DISEASE

Microvillous inclusion disease is an autosomal re-
cessive disorder, caused by mutations of the gene
MYOS5B, which encodes for the protein myosin 5b,
involved in apical membrane recycling 58. Affected
neonates usually develop a severe form of refractory
diarrhoea during the first weeks of life 7.

Small intestinal biopsy specimens usually show se-
vere villous atrophy, relatively mild crypt hyperplasia
and increased of lamina propria mononuclear cellu-
larity. The periodic-acid Schiff (PAS)-positive brush
border of absorptive cells is not clearly recognizable;
instead, PAS-positive dense inclusions on the apex of

enterocytes are observed. Immunohistochemistry for
CD10, an enterocyte brush border marker, may help
identify these inclusions. Electron microscopy analysis
is diagnostic, as it shows characteristic ultrastructural
features, i.e. absent (or very small) surface microvilli
and the presence of microvilli-containing vesicles and
other inclusions with dense material within the apical
cytoplasm of absorptive cells. Similar inclusions may
be present in the large bowel, as well as in kidney. Ne-
onates with microvillous inclusion disease are treated
with total parental nutrition or small bowel transplan-
tation.

CONGENITAL TUFTING ENTEROPATHY

Congenital tufting enteropathy, also known as “con-
genital epithelial dysplasia’ is a rare defect of epithe-
lial differentiation (ranging from 1/50,000 to 1/100,000
live births in Europe), inherited with an autosomal
recessive pattern &'°. Frequently, a parental consan-
guinity is observed, especially among Arabic patients.
It is a cause of neonatal severe watery diarrhoea and
may associate with other malformations, such as fa-
cial dysmorphism, micrognathia, ocular abnormali-
ties and anal imperforation, as well as autoimmune
disorders, such as autoimmune haemolytic anaemia
or thrombocytopenia ". Treatments include total pa-
rental nutrition and even small bowel transplantation.
The genetic basis of this disorder has been elucidated
by Sivagnanam at al. 2, who discovered that EPCAM
(epithelial cell adhesion molecule) gene encoding for
a cell adhesion receptor associated with tight junction
proteins, is involved in tufting enteropathy pathogen-
esis.

The histologic characteristic features of this enti-
ty are villous atrophy, associated with “tufts” of tear-
drop-shaped surface enterocytes towards the small
bowel lumen, with a preserved brush border. The
degree of villous atrophy is usually severe; however,
it can change over time. Although there may be mild
inflammation of lamina propria, crypt hyperplasia and
even crypt cystic dilatation, there is no intraepitheli-
al lymphocytosis, differently from coeliac disease. It
should be kept in mind that histology is not entirely
specific for this defect, as other congenital disorders,
such as congenital sodium diarrhoea due to SPINT2
mutation, can occasionally mimic the histologic pic-
ture of tufting enteropathy, as well as the more com-
mon autoimmune entheropaty ™ (Fig. 1). Therefore,
immunohistochemistry showing reduced expression
of EPCAM may support the morphologic diagnosis ™.
Ultrastructure analysis, which usually shows non-spe-
cific desmosome irregularities, is not recommended
for diagnosis.
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Figure 1. (A, B, C) Autoimmune enteropathy with crypt atrophy and hyperplasia and apoptotic bodies (arrows) A H&E 10x, B
H&E 40x, C H&E 20x; (D, E, F) Tufting enteropathy with the typical “tufts” on the superficial epithelium (blue circle) H&E 40x.

ENTEROENDOCRINE CELL DYSGENESIS

Enteroendocrine cell dysgenesis is characterised by
the complete lack of neuroendocrine cells in the intes-
tine and is caused by mutations in NEUROGS gene,
which encodes for neurogenin-3, a protein essential
for differentiation of gut and pancreatic neuroendo-
crine cells '8, This disease, which is inherited in an
autosomal recessive manner, results in a congenital
malabsorptive diarrhoea and in insulin-dependent di-
abetes.

Small bowel histology may be unremarkable in some
cases, while it may show villous atrophy and crypt hy-
perplasia in other neonates. As a rule, no significant
increase in lamina propria cellularity is noted. Immu-
nohistochemistry for pan-neuroendocrine markers,
like synaptophysin or chromogranin-A, is helpful to
confirm the lack of enteroendocrine cells. Differen-
tial diagnosis includes microvillous inclusion disease;
however, in enteroendocrine cell dysgenesis, the
brush border is regular, and no inclusions are seen
in either light or electron microscopy. It should also be
remembered that in some cases of autoimmune enter-
opathy small bowel endocrine cells may be destroyed
by immune cells. Patients are usually managed with
predominantly parental nutrition.

TRICO-HEPATO-ENTERIC SYNDROME
This extremely rare syndrome is characterised by

trichomalacia (thin and sparse hair), hypertelorism,
and chronic diarrhoea %8, Infants may have a histo-
ry of intrauterine growth retardation, neonatal hemo-
chromatosis, and platelet dysfunctions. The genetic
defect underlying this syndrome are mutations in gene
TTC37, which encodes for a tetratricopeptide repeat
protein. A genetically and phenotypically similar syn-
drome, characterised by dysmorphic features, trichor-
rhexis nodosa, intractable diarrhoea and immunode-
ficiency, has been more recently described by Girault
et al. as “syndromatic intractable diarrhoea” *2°. Most
children are of Middle Eastern origin with consanguin-
eous parents. Small bowel histology usually shows
villous atrophy, without increase in lamina propria in-
flammatory cellularity.

Metabolic disorders/thesaurismoses

Several metabolic disorders display, among many
systemic symptoms, also Gl tract involvement; howev-
er, comprehensive data on the histopathology of villi
in these conditions is lacking, owing to the rarity of this
group of diseases and to the systemic involvement
which, most of the times, overshadows Gl symptoms.
Among the congenital disorders of glycosylation
(CGD), deficit of phosphomannose isomerase (MPI-
CGD, fomer CGD type Ib) and mutations in the gene
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encoding alpha-1,3-glucosyltransferase (ALG6-CDG,
formerly CDG type Ic) are the biochemical defects
usually associated with prominent Gl tract symptoms,
usually manifesting as a protein-losing enteropathy
and failure to thrive in infancy 222,

Histological findings are usually non-specific: short-
ened, blunted villi with increased number of inflamma-
tory cells in the lamina propria, non-responsive to food
protein withdrawal. Electron microscopy performed on
the epithelial cells, lymphocytes and fibroblasts shows
a dilation of smooth endoplasmic reticulum with pres-
ence of abnormal lipid inclusions 2'23,
Mucopolysaccharidoses represent another class of
disorders of lysosomal storage characterised by promi-
nent musculoskeletal and neurological manifestations,
and burdened by a dire prognosis. Splenomegaly and
diarrhoea may occur during infancy, and they are
mostly ascribed to impairment of the autonomic nerv-
ous system rather than alterations of the intestinal mu-
cosa. Histologic descriptions are scarce; Sibilio et al. 24
describes the presence of dilated lymphatic vessels in
the lamina propria of the ileum in an 11-year-old patient
with a concomitant diagnosis of mucopolysaccharido-
sis type llIB (Sanfilippo syndrome).

Wolman disease is the most severe form of lysosomal
acid lipase deficiency (LAL-D) and it is characterised
by an onset in the first weeks of life of intractable di-
arrhoea and malabsorption, hepatosplenomegaly,
jaundice, and adrenal calcifications. On histology, villi
appearance is reported to vary from normal to blunted
and club-shaped, with infiltration of the lamina pro-
pria by foamy PAS-positive macrophages 252¢. The
same histological picture is reported in cholesteryl
ester storage disorder (CESD), the less severe form
of LAL-D with paediatric-age or even adulthood on-
set 28, An analogue presentation with PAS-negative
foamy macrophages in the lamina propria is reported
in Tangier disease %, a high-density lipoprotein defi-
ciency syndrome. In all these conditions, the cellular
deposits stain positive for Sudan Black and Oil Red O
on frozen section.

Glycogen storage disease type Ib is recognised to
be associated with a Crohn-like enteritis %', putative-
ly associated with transient neutropenia; histological
finding in the small intestine are terminal ileitis and
mild blunting of duodenal villi *.

Fabry disease is a glycolipid storage disorder caused
by a mutation in the GLA gene, leading to a lacking
or reduced alpha-galactosidase A activity and lysoso-
mal accumulation of glycosphingolipids. Data from the
Fabry Outcome Survey revealed Gl symptoms to be
predominant among all Fabry patients, chiefly among
children, with the most frequent complaints being ab-
dominal pain and diarrhoea 3. Glycolipid accumulation

in the ganglion cells of the Auerbach and Meissner
plexuses with consequent Gl tract dysmotility has been
proposed as the causative lesion 4, with enlarged gan-
glion cells displaying a foamy appearance due to the
presence of intracytoplasmic lipid inclusions .

Intestinal lymphangiectasias

Intestinal lymphangiectasia is distinguished into pri-
mary or secondary lymphangiectasia. Primary lym-
phangiectasias are further classified into localized to
intestinal lymphatics (Waldmann syndrome) or asso-
ciated with other syndromes, involving multiple organs
and systems. Secondary lymphangiectasias may be
either local, due to an obstruction of local lymphatic
capillaries form neoplastic processes or inflammatory
diseases, or central, correlated with a cardiac aetiolo-
gy or a reduced venous return.

Primary lymphangiectasia is a rare hereditary condi-
tion, usually affecting children and young adults, char-
acterised by developmental anomalies of lymphatics
resulting in the presence of tortuous, dilated lymphatic
channels causing stasis of lymph in the intestinal tract
and consequent loss of proteins and immunoglobulins
into the lumen.

It clinically presents as a protein-losing enteropathy
with varying degrees of hypoalbuminemia, peripheral
oedema and secondary immunodeficiency with lym-
phopenia and hypogammaglobulinaemia. CT scan
and endoscopic findings are usually sufficient to estab-
lish suspicion in a patient with an appropriate clinical
picture %,

Histologically, both primary and secondary lymphangi-
ectasias are characterised by the presence of blunted
villi with dilated lymphatic channels lined by endothe-
lium in the superficial and/or deep mucosa. These
channels may either be empty or filled with proteina-
ceous, weakly eosinophilic material. Histology can al-
so be unremarkable if the abnormalities are very focal
or present in deeper layers of the bowel wall ¥7.

Care must be taken not to overdiagnose this condition
on the basis of isolated dilated lymphatics, often pres-
ent in the normal, healthy population .

Immunodeficiencies

Many disorders of the immune system have Gl tract
manifestations, broadly grouped under manifestations
linked to increased infection susceptibility, chronic in-
flammation, and increased risk of neoplasia, with the
first two categories playing a major role during infancy.
Common variable immune deficiency (CVID) is per-
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haps the immunodeficiency that most commonly man-
ifests with Gl involvement. The classic histopatholog-
ical picture in the small bowel is villous blunting, with
increase of intraepithelial CD3+ lymphocytes and a
lamina propria inflammatory infiltrate with conspic-
uous absence of plasma cells, closely resembling
the histological appearance of coeliac disease 394
The fact that the two disorders arise in the same age
group, and the difficulty in confirming the coeliac dis-
ease diagnosis through anti-gliadin and endomysial
IgA measurements in CVID patients, further compli-
cate the differential diagnosis, and despite absence
of plasma cells and response to a gluten-free diet
orient the diagnosis towards CVID, sometimes histol-
ogy cannot help differentiating between a refractory
coeliac disease and CVID #'. Coeliac disease will be
discussed more in detail in part Il of this review “2.
Nodular lymphoid hyperplasia (NLH) is another his-
tological finding of CVID in small bowel biopsies, with
hyperplastic lymphoid nodules found in the lamina
propria and submucosa probably as a result of chron-
ic antigen stimulation; also in this case, plasma cells
are absent from the extramantle zone of the nodule,
in contrast with NLH in immunocompetent patients. An
infectious aetiology, particularly Giardia lamblia, must
also be taken into differential when examining small
bowel samples from a patient with suspected coeliac
disease or CVID in the presence of villous blunting
and an increased lymphocytic intraepithelial infiltrate.
Selective IgA deficiency, a milder immunodeficiency
disease on the same spectrum of CVID, shows an
analogous histological picture 2.

Chronic granulomatous disease is characterized by a
defect in the phagocytic mechanisms in macrophages
leading to an accumulation of pigment-laden histio-
cytes in the lamina propria throughout the digestive
tract; in small bowel samples the granulomata are
usually located deep in the crypts, but may extend to
the villus when particularly florid. These granuloma-
ta are usually less florid than those seen in Crohn’s
disease, and they don’t usually cause the same de-
gree of architectural chronic distortion that is seen in
Crohn’s or ulcerative colitis 4345,

Other immunodeficiencies are characterized by a
more varied and less specific constellation of gas-
trointestinal symptoms and histological findings, and
careful correlation with clinical data is always manda-
tory to reach a conclusive diagnosis.

Graft-versus-host disease

Graft-versus-host disease (GHVD) is one of the most
common complications of hematopoietic stem cells

transplantation and it frequently affects the Gl tract.
The pathologist remains a key figure in the diagnosis
of this important complication, for a bioptic confirma-
tion of the disease is always encouraged.

Current advances in transplant and conditioning regi-
mens has rendered the classification of acute versus
chronic GVHD based on the time elapsed since trans-
plant obsolete; a new definition had been put forward
in 2005 by the NIH and then revised in 2014 and is
reported in Table | 4647,

Table I. Criteria for the diagnosis of acute vs chronic GVHD.
Classification

Time of onset Features

Classic acute < 100 days Cutaneous rash,
GVHD nausea, vomiting,
anorexia, severe
diarrhoea, ileus,
cholestatic
hepatitis
Persistent, > 100 days Classic acute
recurrent, or GVHD features
late acute without key
GVHD symptoms of
chronic GVHD
Classic No time limit At least one
chronic key symptom of
GVHD chronic GVHD
without symptoms
characteristics of
acute GVHD
Overlap No time limit Presence of one
chronic and or more acute
acute GVHD GVHD symptoms
in a patient with
a diagnosis of
chronic GVHD

In the Gl tract, chronic GVHD manifestations include
oesophageal web and stricture and pancreatic atrophy
and exocrine insufficiency; symptoms like nausea, vom-
iting, diarrhoea, failure to thrive and wasting syndrome
are shared with the acute counterpart of the disease.

Involvement of the Gl tract is not site-specific, patchy,
and may involve the whole length of the digestive sys-
tem; epithelial apoptosis is the hallmark of the acute
form of the disease, and it localizes in the proliferating
compartments of the epithelium. In the duodenum and
other small bowel tracts, the manifestations of the dis-
ease can be subtle, with apoptotic changes localizing
mainly in the neck and crypts of the villi *¢; a sparse
mononucleated infiltrate usually accompanies the
apoptotic changes. Mild villous blunting is common-
ly observed. Loss of Paneth cells seems to correlate
with increased severity of the disease. The NIH 2014
Pathology Working Group Report document suggests
the presence of = 1 apoptotic body/piece for crypt as
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the minimal criterion for acute/active GVHD diagno-
sis *°. In chronic GVHD, fibrosis of the lamina propria
with minimal mucosal changes have been reported *°.
The same 2014 Pathology Working Group Report is-
sues recommendations for the final diagnosis of GVHD
into three categories: i) not GVHD, ii) possible GVHD,
if there is histological evidence for GVHD but other
possible causes, and iii) likely GVHD, if there is clear
evidence of GVHD with no other cause, there are mit-
igating factors, or the history of the patient is lacking.
Other competing causes that should be excluded are
infections associated with increased enterocytes ap-
optosis, such as CMV or cryptosporidiosis. Another
important mimic to be excluded is toxicity from either
the conditioning regimen (very early manifestation, up
to day 20 after transplant) > or mycophenolate mofetil,
an immunosuppressive drug used in the post-trans-
plant period. The changes in mycophenolate mofetil
mucosal injury can closely resemble GHVD %2, with a
more prominent eosinophilic infiltrate and loss of neu-
roendocrine cells 53, but a definite diagnosis is usually
reached integrating the clinical and histological suspi-
cion with regression of the symptoms upon discontin-
uation of the drug.

Necrotising enterocolitis

Necrotising enterocolitis (NEC) is a surgical emergen-
¢y in the new-born and the major cause of morbidity
and mortality in neonatal intensive care units 54 Most
cases (> 90%) occurs in preterm infants, especially in
those with very low birth weight (< 1,500 grams); the
incidence is inversely proportional to gestational age
at birth and the time to onset is longer the more pre-
mature the infant is . The mortality rate for preterm
infants who have extremely low birth weight (< 1,000
grams) is 30-50% while for infants with a very low birth
weight is 10-30% 5.

Early signs and symptoms are subtle and vague, in-
cluding feeding intolerance, abdominal distention and,
after 8 to 10 days of age, bloody stools. Characteris-
tic radiological findings are pneumatosis intestinalis,
portal venous gas, or both. The universally recognised
risk factors for NEC are formula feeding, intestinal dys-
biosis, low birth weight, and prematurity %. lts aetio-
pathogenesis can be considered multifactorial and the
major factors involved are nitric oxide (NO) imbalance,
intestinal ischaemia, dysbiosis and reduced activity of
intestinal stem cells. A key role is played by Toll-like-re-
ceptor 4 (TLR4), a receptor that takes part in innate
immunity; its increased expression in premature in-
fants is triggered by intestinal Gram-negative bacte-
ria, disrupting and invading the intestinal epithelium at

the tips of intestinal villi. Endotoxins bind to TLR4 on
the intestinal epithelial cells, activating pathogen-as-
sociated molecular pattern receptors, which facilitate
the breakdown of the gut barrier and allow bacteria to
translocate. This process leads to an intense inflam-
matory response in the lamina propria mediated by
inflammatory cytokines and vasoactive substances.
Intestinal inflammation also activates complement
and coagulation systems, that adhere to the endothe-
lium, preventing blood flow in the microvascular struc-
ture of the small intestine, thus leading to tissue injury.
Additional damage to the endothelium from adherent
neutrophils and platelets also impairs NO generation
needed for vasorelaxation. TLR4 are inhibited by pro-
biotic bacteria that activate Toll-like-receptor 9 (TLR9)
and can prevent goblet cell differentiation, which is
needed to maintain the physical mucous intestinal
barrier to pathogenic bacteria .

In neonatal pathology, three form of intestinal injury
can be observed: i) conditions primarily seen in term
infants, ii) spontaneous intestinal perforations, and iii)
classic NEC.

Necrotising enterocolitis-like symptoms are also
known to happen during the first week after birth, both
in term and late preterm infants; in the latter, the condi-
tion is more often associated with other comorbidities,
such as maternal drug abuse, intestinal anomalies
(e.g., aganglionosis or atresias), congenital heart dis-
ease, and perinatal stress that may affect mesenteric
blood flow %,

The lack of reliable diagnostic criteria often makes it
difficult to establish the diagnosis. Bell’s classification
is the currently and most widely used tool in early as-
sessment of the disease. This staging system was first
described by Bell et al. in 1978 ° and subsequently
refined by Walsh in 1986 ®; it is divided into Ill stag-
es (suspected, definite and advanced NEC) based on
systemic, abdominal and radiographic signs ®'.
Usually the affected segments are the distal ileum and
right colon (80% of cases) which represent vascular
watersheds of perfusion. NEC can be considered as
ischaemic colitis, as its histopathological hallmarks
are similar to those observed in others type of is-
chaemic colitis both in adults and children (Tab. ).

Table II. Ischaemic colitis in children: differential diagnosis.

Ischaemic colitis in children
Necrotising enterocolitis (NEC)
Henoch-Schonlein purpura
Haemolytic-uraemic syndrome
Hirschprung-associated enterocolitis (late)
Neutropenic colitis
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Figure 2. Total colectomy and ileal resection for NEC and intestinal perforation in a 23 days preterm infant born at 30 weeks
of gestation. (A) Surgical resection of necrotic distal ileum; (B) H&E necrotic ileal mucosa with oedema and severe inflamma-
tory infiltrate in the submucosa 2x; (C) H&E transmural necrosis of the colon 2x.

The histopathology of early-stage NEC is difficult to
examine, as obtaining small biopsies during the ini-
tial phase of the disease is challenging 2. Resected
specimens may show patchy or diffuse haemorrhagic
necrosis of the mucosa and coagulative necrosis of
the muscular layers; a transmural damage leads to
intestinal perforation which is often multifocal and rep-
resents a major cause of peritonitis in these patients
(Fig. 2 A-C). Pneumomatosis intestinalis is frequently
found, while vascular thrombosis can be occasionally
observed and is secondary to necrosis 2. Consider-
ing the age of onset, the major differential diagnosis
is Hirchsprung-Associated Enterocolitis (HAEC), that
can occur before surgical treatment and from 3 weeks
to 20 months after the pull-through operation. Neo-
nates may also present with pneumatosis intestinalis
and a clinical pictures suggesting NEC 2.

When the diagnosis is confirmed, it requires medical
or surgical procedures based on the clinical presenta-
tion; the former may include bowel rest, broad spec-
trum intravenous antibiotics, and intravenous hyper-
alimentation while the latter are required for intestinal
perforation or if sepsis is suspected 8.

The prognosis of infants who recover from NEC de-
pends on the severity of the disease and is worse for
infants who underwent surgical procedures; mortality
rate in these patients is 35%, while it decreases to
20% for those who are treated with medical therapies.
Moreover, survival correlates with degree of prematu-
rity and weight. Approximately 50% of NEC survivors
develop early postoperative complications that include
wound infection or dehiscence of the anastomosis,
compartment syndrome and complications secondary
to stomas. Intermediate and long-term complications,

such as intestinal strictures, frequently occur in the co-
lon. Short-gut syndrome can develop in the first month
after recovery ' and requires long-term nutritional
management for malabsorption and growth deficien-
cies 5%%3, Moreover, these infants are at increased risk
of poor neurodevelopmental outcomes, including cer-
ebral palsy and cognitive impairment. The poor neu-
rodevelopmental outcomes in infants with NEC may
be secondary to a systemic inflammatory response
and/or alterations in the gut-brain axis .

NEC is a serious and complex inflammatory bowel
disease, and therefore clinical strategies are mainly
aimed at its prevention by promoting breast feeding
and skin-to-skin care 9. It is known that breast milk
reduces the incidence of NEC because it is demon-
strated to have anti-inflammatory properties, to con-
tain various factors promoting intestinal epithelial
growth and to influence the developing intestinal mi-
crobiome %°.

The future therapeutic perspectives include breast
milk component, prophylactic probiotics and stem cell
administration .
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