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Abstract
Crohn’s disease and ulcerative colitis can be grouped 
as the inflammatory bowel diseases (IBD). These 
conditions have become increasingly common in recent 
years, including in children and young people. Although 
much is known about aspects of the pathogenesis 
of these diseases, the precise aetiology is not yet 
understood, and there remains no cure. Recent data has 
illustrated the importance of a number of genes-several 
of these are important in the onset of IBD in early life, 
including in infancy. Pain, diarrhoea and weight loss 
are typical symptoms of paediatric Crohn’s disease 
whereas bloody diarrhoea is more typical of colitis in 
children. However, atypical symptoms may occur in 
both conditions: these include isolated impairment 
of linear growth or presentation with extra-intestinal 
manifestations such as erythema nodosum. Growth 
and nutrition are commonly compromised at diagnosis 
in both Crohn’s disease and colitis. Consideration of 
possible IBD and completion of appropriate investi-

gations are essential to ensure prompt diagnosis, the-
reby avoiding the consequences of diagnostic delay. 
Patterns of disease including location and progression 
of IBD in childhood differ substantially from adult-
onset disease. Various treatment options are available 
for children and adolescents with IBD. Exclusive 
enteral nutrition plays a central role in the induction of 
remission of active Crohn’s disease. Medical and surgical 
therapies need to considered within the context of a 
growing and developing child. The overall management 
of these chronic conditions in children should include 
multi-disciplinary expertise, with focus upon maintaining 
control of gut inflammation, optimising nutrition, 
growth and quality of life, whilst preventing disease or 
treatment-related complications. 
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) comprise 
the inflammatory bowel diseases (IBD). These chronic 
conditions affecting the gastrointestinal tract are becoming 
increasingly common. At present there is an incomplete 
understanding of  the causation of  CD and UC. Although 
children and adolescents can be diagnosed with IBD at 
any age, the second decade of  life is the most common 
period. From diagnosis these children face a lifetime of  
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illness, with many potential consequences and effects.

CROHN’S AND COLITIS
IBD is characterised by chronic inflammation of  the 
intestinal tract with variable periods of  remission and 
exacerbation. Traditionally IBD is thought of  as the two 
major clinical subtypes (CD and UC). However, it can 
also be seen as a heterogeneous group of  disorders of  
intestinal inflammation[1]. 

Classically, UC involves disease that extends pro
ximally for a variable distance from the rectum, with 
involvement of  the superficial layers of  the colonic 
mucosa. Pediatric cohort studies show that pancolitis 
is the most frequent presentation of  UC in childhood, 
with few children having isolated proctitis[2,3]. This 
finding contrasts greatly with the disease patterns seen in 
adults with UC[2]. Furthermore, those children without 
pancolitis at diagnosis commonly have extension of  
disease to involve the whole colon over the subsequent 
years. 

In contrast to UC, CD is characterised by transmural 
inflammation in a noncontiguous pattern (socalled 
skip lesions), anywhere from the mouth to the anus. 
Disease distribution of  CD differs between children and 
adults[2]. In paediatric CD, the ileocolonic region is the 
most common location of  disease. Disease limited to 
the colon is less frequently seen, and isolated terminal 
ileal disease is uncommon, occurring in less than 10% 
of  children[2]. Involvement of  the gut proximal to the 
terminal ileum occurs in more than half  of  children 
with CD, with common areas being the stomach and 
duodenum[2,4]. Aphthoid or serpiginous ulceration are 
particular endoscopic features of  CD: other features 
such as friability, oedema, granularity and loss of  vascular 
markings, may be seen in both UC and CD.

One particular histological feature of  CD is non
caseating granuloma located in the inflamed mucosa. 
Perianal disease, including multiple large anal tags, 
perianal abscesses, non-healing deep fissures or fistulas, 
is a feature of  CD, but not of  UC. The inflammatory 
changes in CD may be complicated by stricturing or 
fistulising disease, with progression in many patients 
towards these phenotypes over time[5]. 

The term IBDunclassified (IBDU) refers to those 
patients with chronic bowel inflammation whose pattern 
of  disease is not clearly able to be classified as CD or UC. 
Over the course of  the disease, IBDU is often reclassified 
as either CD or UC as the pattern and features of  
inflammation evolve. IBDU is more commonly reclassi-
fied as UC than CD[6]. The term indeterminate colitis, 
however, should be reserved for the situation where, 
following colectomy and histopathological examination 
of  the colon, the distinction between UC and CD 
remains unclear[6]. 

EPIDEMIOLOGY
IBD can present at any age, with the peak age range of  

diagnosis in the second and third decades of  life[7]. In 
childhood, rates of  IBD increase from the first year of  
life, with highest rates in teenage years. Around 25% of  
all diagnoses of  IBD are made in the first two decades 
of  life[8,9]. A family history of  IBD is more commonly 
elicited in children with IBD than in adults[7]. 

Generally UC is found to be more common than 
CD in the preschool age group, whilst CD is three times 
more frequent than UC in older children in many case 
series[10,11]. There is also a slight male preponderance 
(1.5:1) in prepubescent patients with CD as opposed to a 
slight female preponderance in adults[2]. 

Although the incidence and prevalence of  IBD varies, 
there is overwhelming data showing increasing rates in 
many areas of  the world[12,13]. In more recent years, an 
increasing incidence has been observed in countries that 
traditionally did not report IBD, such as Taiwan, China 
and other Eastern countries[14]. In addition, children of  
families migrating from the developing world to the 
developed world have increased rates of  IBD[15]. There 
is also clear evidence that the incidence of  IBD in the 
paediatric population is increasing, especially for CD. 
Benchimol et al[16] observed an increased incidence rate 
of  paediatric CD in the Canadian province of  Ontario 
from 9.5 to 11.4 per 100  000 per annum over an 11 year 
period to 2005; however the incidence of  UC in this 
period remained unchanged (4.1 to 4.2 per 100  000). In 
Australia, recent Victorian studies clearly show increasing 
rates in children, with a greater than 10fold increase 
in CD over the 30 year period to 2001[17]. In addition, 
an elevenfold increase in paediatric UC was seen in 
the same area, with particular increases over the most 
recent two decades[18]. It is unclear why IBD has become 
more common over the last decades: suggested factors 
include changes in lifestyle, diet, urbanisation and other 
environmental changes.

PATHOGENESIS OF IBD
The most accepted hypothesis for the pathogenesis of  
IBD is that interactions between the gut luminal contents 
(especially the intestinal microflora) and the mucosa lead 
to dysregulated inflammation in a genetically-predisposed 
host. A wide range of  microorganisms have been con
sidered as potential causative agents for IBD. These 
include Mycobacterium paratuberculosis, Listeria monocytogenes, 
Novel Burkholderiales and Escherichia coli subtypes[19,20]. 
It is also speculated that viral agents may play roles in 
the development of  IBD[21]. Recently, a small study 
conducted in Finland focused on faecal detection of  
viral agents in a group of  50 children being evaluated 
for possible IBD (33 were diagnosed with IBD whilst 17 
were shown to not have IBD)[22]. Viral agents were not 
detected in the IBD groupbut were present in 3 of  the 
control group. 

There is not yet clear data to support a role for any 
one of  these organisms as the primary factor in the aeti
ology of  IBD. Our recent work has focused upon several 
mucousassociated organisms, including members of  the 
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Helicobacter and Campylobacter families[23,24]. Although these 
studies show that such organisms are commonly present 
at the time of  diagnosis of  IBD, it is unclear if  they have 
a causative role. 

Some of  the most exciting recent developments in 
our understanding of  the pathogenesis of  IBD have been 
in the field of  genetics. A decade ago, NOD2/CARD15 
was identified as the first susceptibility gene for CD[25]. 
NOD2 is a member of  a family of  intracellular proteins 
that respond to bacterial proteins and contribute to host 
defence[26,27]. In one large study 50% of  patients with CD 
were found to have at least one NOD2 gene mutation, 
with 17% having a double mutation[28]. Those patients 
with 2 mutations were characterised as having a younger 
age of  onset, more frequent stricturing disease, and less 
frequent colonic involvement, suggesting a link with 
earlier onset of  disease. NOD2 mutations are present at 
the same rates in patients with UC as in controls and are 
also not seen in nonEuropean populations, such as in 
Japan, India and South Korea[2931]. Furthermore, NOD2 
mutations are not associated with early onset of  disease 
in children of  Ashkenazi background[32]. Tumournecrosis 
factor (TNF)α promoter gene mutations were, however, 
associated with early onset in this group of  children. 

In more recent years, a number of  other genes have 
been shown to be important for IBDmost in CD but 
some in UC. A recent transatlantic collaboration scanned 
a cohort of  3426 childhoodonset IBD patients and 
identified 5 new loci associated with paediatric IBD[33]. 
In 2010, a multinational collaboration identified many 
further loci implicated in CD, bringing the total of  loci 
identified to 71[34]. Mutations in the interleukin (IL)10 
receptor were recently shown in a group of  infants with 
very early onset of  severe and treatment resistant disease. 
Mutations in the coding for one of  chains of  the IL10 
receptor were identified: this change renders the patients’ 
cells unresponsive to the antiinflammatory effect of  
IL10[35]. A recent review article highlighted the find
ings of  two paediatric gene wide association studies[36]. 
Although emphasising key genetic pathways common 
to adult-onset disease, these studies also identified novel 
regions associated with earlyonset disease, including 
genes encoding IL27. The relevance of  these potential 
links was recently outlined in a hypothesis article[37]. In 
addition, a current prospective study (www.neopics.org) 
focusing on genetic influences on children aged less than 
6 years of  age should further define key aspects in this 
group. 

PATTERNS OF PRESENTATION OF IBD IN 
CHILDREN
Children with IBD may present with a range of  symp
toms, depending on the location, severity and chronicity 
of  inflammation. Classically, CD most commonly pres
ents with pain, diarrhoea and weight loss, whilst UC most 
commonly starts with bloody diarrhoea[38]. Children with 
distinct disease locations may present with other defined 

gastrointestinal symptoms. For instance, oesophageal in
volvement may lead to odynophagia and dysphagia whilst 
perianal presentation may include pain, discharge or a 
mass. Recent studies suggest that fewer children have the 
socalled classical symptoms, and that children may have 
a range of  presenting features (including atypical symp
toms) including abdominal pain, diarrhoea, short stature 
or weight loss[2,38]. Some children presenting with atypi
cal or nongastrointestinal symptoms may have delayed 
recognition and diagnosis. Although many of  the gastro
intestinal symptoms seen in paediatric IBD are similar to 
those reported in adults, particular features in children 
include linear growth failure and pubertal delay. 

Despite its name, IBD is not limited to the bowel. 
Up to 30% of  patients will develop an extraintestinal 
manifestation (EIM) at some point during their lifetime[39]. 
The most common EIM in children are arthritis (axial or 
peripheral), cutaneous changes (e.g., erythema nodosum 
and pyoderma gangrenosum), eye diseases (such as 
episcleritis and uveitis that occur in approximately 1% 
of  patients with IBD) and liver disease[40]. Hepatobiliary 
complications can take the form of  primary sclerosing 
cholangitis, autoimmune hepatitis or overlap syndrome[40].

IMPACT OF IBD UPON GROWTH AND 
NUTRITION IN CHILDREN
Weight loss, or lack of  weight gain, is a presenting feature 
in 85% of  children with CD and at least 65% of  children 
with UC[7]. This impairment of  weight is predominantly 
a result of  decreased oral intake due to anorexia, early 
satiety, nausea or pain. In addition to compromised 
weight, linear growth may also be impaired at diagnosis 
or subsequently[41]. These consequences are primarily 
related to the systemic circulation of  proinflammatory 
cytokines, such as TNFα and IL-6. IL-6 influences the 
activity of  key proteins, including insulinlike growth 
factor (IGF)1, and interferes with the effects of  growth 
hormone and other key pathways[42]. 

An additional consequence of  nutritional impairment 
and elevated levels of  cytokines is delayed pubertal 
development. Given that many children present in the 
prepubertal or peripubertal period, pubertal delay can 
be of  significant concern and importance. Failure to 
adequately induce disease remission at this crucial stage 
can have significant consequences such as missed or 
delayed pubertal growth spurt and reduced final height, 
abnormal bone mineralisation, and maintenance of  
prepubertal sex hormone levels[38].

Children with IBD can also have micronutrient de
ficiencies. The most common of  these are iron, vitamin 
D, vitamin B12, calcium and zinc. In a cohort of  children 
with IBD from Sydney, Australia, only 40% had normal 
Vitamin D status[43]. Lack of  Vitamin D along with 
inadequate calcium intake (and also vitamin K deficiency) 
contributes adversely to bone health. Since 90% of  peak 
bone mass is attained during childhood and adolescence, 
failure to attain maximal potential may increase future 
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thirds of  children with CD, findings in this region may be 
sufficient firstly to make a diagnosis of  IBD or secondly 
assist in differentiating between CD and UC[4].

Baseline investigations should also include an ass
essment of  the small bowel[50]. The vast length of  the 
small bowel is not accessible to standard endoscopy. An 
increasingly preferred method to view the small bowel is 
a small bowel series magnetic resonance imaging, which 
can provide detail of  the extent of  inflammatory changes 
through the mucous without radiation exposure[51]. This 
has largely supplanted the small bowel meal and follow
through as a tool to assess the small bowel. Capsule 
endoscopy also has an increasing role, with this modality 
able to identify superficial and smaller mucosal lesions[52]. 
Other potential modalities include whiteblood cell scans, 
positron emission tomography scans and ultrasound 
scanning[5355]. CT scanning, however, is rarely required 
in children and adolescents (and is generally discouraged 
due to potential cumulative radiation exposure).

MANAGEMENT OF IBD IN CHILDREN
Although the key concept in the management of  IBD is 
inducing and maintaining remission, the pervasive effects 
of  IBD in children mean that holistic care is essential, 
with consideration of  multiple aspects of  the condition 
and its complications. Provision of  these management 
aspects in a child (and family) focused multidisciplinary 
team setting is optimal to ensure superior outcomes. 

In terms of  control of  gut inflammation, the ma
nagement principles are to induce remission (control 
inflammation) and to then maintain remission. Although 
remission can be considered at clinical (relief  of  symptoms) 
and biochemical levels (normalisation of  systemic markers 
of  inflammation), histological remission (normalisation 
of  histologic changes or mucosal healing) is seen as the 
ideal goal of  therapy. Therapies to induce remission 
(e.g., corticosteroids or exclusive enteral nutrition) can be 
considered separately to those utilised to maintain remission 
[e.g., aminosalicylates (ASA) or immunomodulators such 
as thiopurines]. 

Whilst corticosteroids have traditionally been utilised 
to induce remission in active IBD, there is increasing 
support and rationale for exclusive enteral nutrition (EEN) 
in paediatric CD. EEN involves the sole administration 
of  a nutritional formula, with exclusion of  normal diet, 
for a period of  up to 8 wk[56,57]. EEN has remission rates 
equivalent to those of  CS, but has numerous advantages 
such as avoiding steroidrelated sideeffects and in addition 
leads to superior rates of  mucosal healing[58]. Antibiotics 
(especially metronidazole and/or ciprofloxacin) may have 
roles in mild luminal or perianal CD. Aminosalicylates 
may have particular roles in inducing remission in mild 
to moderate active UC. Tacrolimus[59] or cyclosporin may 
have a role in the management of  severe colitis, whilst 
biologic drugs (such as infliximab) have roles in the 
induction of  remission of  severe disease. 

ASA drugs have roles in the maintenance of  remission 

fracture risk[44]. Underlying systemic inflammation is an 
independent detrimental influence on bone health[44]. 
Sylvester et al[45] have shown low mean bone mineral 
density (BMD) scores in children with IBD and also 
demonstrated that BMD scores are associated with body 
mass index and IL6 levels. 

APPROACH TO POSSIBLE IBD IN 
CHILDREN
Diagnostic pathways begin with the consideration of  
possible IBD as an important first step. A suggestive 
history of  gut symptoms may be present, but children 
may present with atypical symptoms. Examination 
findings of  weight loss, chronic disease (e.g., clubbing) or 
extraintestinal features of  IBD (e.g., erythema nodosum) 
may be detected. Weight and height should be accurately 
measured and plotted on an appropriate growth chart. 
Previous growth data should be obtained from the child’s 
health records and parental heights should be recorded to 
calculate midparental height. 

Exclusion of  other potential pathologies, especially 
enteric infections, is important. Several stool cultures 
should be requested to exclude an enteric infectious cause 
in children presenting with diarrhoea and/or abdominal 
pain, with inclusion of  less common organisms such as 
Yersinia and Aeromonas. Stool can also be sent for faecal 
markers of  inflammationthese include the presence 
of  faecal white cells, stool α1antitrypsin, lactoferrin 
and calprotectin (where available). S100A12, another 
noninvasive marker of  gut inflammation shows high 
sensitivity and specificity in differentiating between 
children with IBD and nonIBD conditions[46]. Non
invasive tests such as calprotectin and S100A12 may also 
have roles in disease monitoring after diagnosis[47]. 

Blood tests should be requested for full blood count 
(especially Hb, platelets, and white count), erythrocyte 
sedimentation rate (ESR), Creactive protein, albumin and 
liver chemistry. Further baseline assessment should include 
iron studies, B12/folate levels and vitamin D. Serum 
based markers of  systemic inflammation may be helpful 
in children with IBD, but exclusion of  the diagnosis can 
not be made with normal tests. A recent North American 
study suggests that normal bloods (platelets, ESR, albumin 
or Haemoglobin) may be seen in 21% of  mild CD, 54% 
of  mild UC and 4% of  more severe CD or UC[48]. The 
addition of  specific serological tests (ASCA, ANCA and 
pANCA) to a standard diagnostic approach is shown to 
improve and enhance diagnostic yield[49]. 

If  IBD is suspected on the basis of  history, exa
mination findings and/or the results of  preliminary 
tests, then further investigations should be arranged. 
Definitive diagnosis relies on endoscopic and histologic 
findings, often supported by radiologic findings. Upper 
gastrointestinal endoscopy and ileocolonoscopy should 
both be undertaken in any child or adolescent with 
suspected IBD, along with multiple mucosal biopsies[50]. 
As an upper gut location of  IBD is present in at least two 
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of  UC, and although often also used for maintenance in 
CD, they are not as well supported for this by available 
evidence. Steroids and antibiotics do not have roles in 
the maintenance of  remission of  IBD in children. The 
immunosuppressive drugs have defined roles in the 
maintenance of  remission of  IBD in children. Thiopurines 
(azathioprine or 6mercaptopurine) are typically used 
first: methotrexate tending to be used in the setting of  
thiopurine failure or intolerance[60]. Early commencement 
of  thiopurines in moderatesevere disease leads to less 
steroid requirement, more prolonged remission and better 
growth[61]. Other drugs (such as thalidomide, tacrolimus 
or mycophenolate) may play a role in maintenance of  
remission. Supplementary nutrition can also have a role 
in maintaining remission in CD, but the subgroup most 
likely to benefit from this approach has not yet clearly 
been defined[57].

Biological therapies have clear roles in the induction 
of  remission in severe disease and in the subsequent 
maintenance of  disease with ongoing dosing. The efficacy 
and safety of  both infliximab[62] and adalimumab[63] has 
been considered in children and adolescents. 

In addition to the current standard therapies, nu
merous other therapies are being developed or considered 
for roles in IBD. Many of  these are biologic therapies 
that are able to be considered consequent to improved 
understanding of  the complex inflammatory events 
in IBD. Other therapies that may play adjunctive roles 
include fish oils[64] and probiotics[65]. Additional novel 
therapies reported recently include low dose naltrexone[66] 
and pig whipworm therapy[67]. The definitive roles for 
these therapies in children have not yet been proven. 

One important factor in achieving optimal outcomes 
for children of  any age with medical therapies is adherence. 
Recent work highlights an important relationship between 
adherence and disease severity[68]. 

As well as medical therapies, many children with IBD 
require surgical intervention. Common indications in 
children with CD include the management of  perianal 
disease, resection of  disease unresponsive to medical 
therapy, or resection of  a fibrotic stricture. In children 
with UC the indications for colectomy include fulminant 
UC unresponsive to medical therapy, severe colitis com
plicated by toxic megacolon and/or perforation, chronic 
colitis unresponsive to medical agents and following the 
development of  precancerous changes. 

The cumulative risk of  surgery in a series of  404 chil
dren with CD was 20% at 3 years and 34% at 5 years[3]. 
A lower rate of  resective surgery was seen in a Scottish 
series, with 20.2% having undergone surgery by 5 years[2]. 
In this series, the authors demonstrated that the median 
time to first surgery was longer in their group of  children 
with CD than a comparative adult group (13.7 years from 
diagnosis compared to 7.8 years; P < 0.01). In contrast, 
the reverse was seen in the individuals with UC (11.1 
years from diagnosis in children contrasting to > 50 years 
in adults; P = 0.38)[2].

The various therapeutic options need to be considered 
within the context of  the individual patient and their 
disease pattern/location. Clearly the potential sideeffects 
of  an individual therapy need to be outlined in candid 
discussions with the patient and parents: these aspects 
need to be considered in the context of  the potential 
benefits and the relative risk of  the adverse effects. 

In addition to the use of  specific nutritional therapies 
to induce or maintain remission, the overall management 
of  paediatric IBD requires close attention to growth 
and nutrition. Weight and height should be monitored 
regularly, with calculation of  height velocity and ass
essment of  pubertal development. Successful growth 
can be considered as an indicator of  the success of  
therapy for IBD. Provision of  a full wellbalanced diet, 
with inclusion of  adequate macronutrients (protein, 
fat, carbohydrates) and micronutrients (e.g., calcium 
and iron), should be reviewed by a paediatric dietitian 
regularly, with at least annual review. Monitoring of  
micronutrients is also important. Levels of  iron, B12, 
folate and vitamin D should be reviewed on an annual 
basis. 

The psychosocial aspects and consequences of  IBD 
also require attention. IBD can impact greatly upon 
the quality of  life of  young patients[69]. Disruption to 
schooling and social activities is common, especially in 
those with unstable or severe disease. Attention to coping 
and provision of  supports, may require psychological 
intervention. Peersupport activities and supports also 
play important roles in the overall management of  
children with IBD.

PROGNOSIS AND OUTCOMES OF IBD IN 
CHILDREN
Given diagnosis in the first decades of  life, infants and 
children have many decades of  disease in front of  them. 
Several recent cohorts have illustrated key aspects of  
the natural history and outcomes of  IBD in children, 
with emphasis of  key differences from adultonset co
horts[2,3,70]. 

Immune reactivity based upon a series of  specific se
rological responses, has been shown to associate with dis
ease outcome in children[71]. In this group of  796 children 
with CD, an increased number of  serological responses 
were linked with more aggressive disease pattern and 
earlier progression of  disease. Subsequently, Siegel et al[72] 

have developed a tool to outline predicted disease course 
in children with CD, incorporating serologic responses, 
along with patient and disease factors. The need for sur
gery has also been linked with NOD2 mutations in chil
dren with CD[73]. Risk scores have also been considered 
in paediatric UC: Moore et al[74] showed that white blood 
count and haematocrit values at diagnosis were associated 
with colectomy at 3 years in a cohort of  135 children 
with UC. 
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CONCLUSION
Crohn’s and colitis has become an increasingly common 
diagnosis in children of  all ages. These conditions have 
particular features and patterns in children, compared to 
adults. Early consideration of  the diagnosis is important 
to avoid additional adverse impact upon growth, nutri
tion and normal functioning. Nutritional aspects are criti
cal in the overall management of  IBD. Whilst EEN is 
the therapy of  choice to induce remission in CD, overall 
monitoring of  growth and nutrition are key elements 
of  ongoing management. Further work on the utility of  
drugs, such as antibiotics, will likely proceed in conjunc
tion recognition of  the importance of  the intestinal mi
croflora in the pathogenesis of  IBD. The care of  children 
and adolescents with IBD needs to be considered within 
a multidisciplinary focus, with many different health pro
fessionals playing important roles. 

REFERENCES
1 Ruemmele FM. Pediatric inflammatory bowel diseases: 

coming of age. Curr Opin Gastroenterol 2010; 26: 332-336 
2 Van Limbergen J, Russell RK, Drummond HE, Aldhous 

MC, Round NK, Nimmo ER, Smith L, Gillett PM, McGrogan 
P, Weaver LT, Bisset WM, Mahdi G, Arnott ID, Satsangi J, 
Wilson DC. Definition of phenotypic characteristics of child-
hood-onset inflammatory bowel disease. Gastroenterology 
2008; 135: 1114-1122 

3 Vernier-Massouille G, Balde M, Salleron J, Turck D, Dupas 
JL, Mouterde O, Merle V, Salomez JL, Branche J, Marti R, 
Lerebours E, Cortot A, Gower-Rousseau C, Colombel JF. 
Natural history of pediatric Crohn’s disease: a population-
based cohort study. Gastroenterology 2008; 135: 1106-1113 

4 Lemberg DA, Clarkson CM, Bohane TD, Day AS. Role of 
esophagogastroduodenoscopy in the initial assessment of 
children with inflammatory bowel disease. J Gastroenterol 
Hepatol 2005; 20: 1696-1700

5 Cosnes J, Gower-Rousseau C, Seksik P, Cortot A. Epidemi-
ology and natural history of inflammatory bowel diseases. 
Gastroenterology 2011; 140: 1785-1794 

6 Geboes K, Colombel JF, Greenstein A, Jewell DP, Sandborn 
WJ, Vatn MH, Warren B, Riddell RH. Indeterminate colitis: a 
review of the concept--what’s in a name? Inflamm Bowel Dis 
2008; 14: 850-857 

7 Griffiths AM, Hugot JP. Crohn disease. In: Walker A, Goulet 
O, Kleinman RE, editors. Pediatric Gastrointestinal Disease. 
4th ed. Ontario, Canada: BC Decker, 2004

8 Rogers BH, Clark LM, Kirsner JB. The epidemiologic and 
demographic characteristics of inflammatory bowel disease: 
an analysis of a computerized file of 1400 patients. J Chronic 
Dis 1971; 24: 743-773 

9 Mir-Madjlessi SH, Michener WM, Farmer RG. Course 
and prognosis of idiopathic ulcerative proctosigmoiditis in 
young patients. J Pediatr Gastroenterol Nutr 1986; 5: 571-575 

10 Heyman MB, Kirschner BS, Gold BD, Ferry G, Baldassano R, 
Cohen SA, Winter HS, Fain P, King C, Smith T, El-Serag HB. 
Children with early-onset inflammatory bowel disease (IBD): 
analysis of a pediatric IBD consortium registry. J Pediatr 
2005; 146: 35-40 

11 Kugathasan S, Judd RH, Hoffmann RG, Heikenen J, Telega 
G, Khan F, Weisdorf-Schindele S, San Pablo W, Perrault J, 
Park R, Yaffe M, Brown C, Rivera-Bennett MT, Halabi I, 
Martinez A, Blank E, Werlin SL, Rudolph CD, Binion DG. 
Epidemiologic and clinical characteristics of children with 
newly diagnosed inflammatory bowel disease in Wiscon-

sin: a statewide population-based study. J Pediatr 2003; 143: 
525-531 

12 Malaty HM, Fan X, Opekun AR, Thibodeaux C, Ferry GD. 
Rising incidence of inflammatory bowel disease among chil-
dren: a 12-year study. J Pediatr Gastroenterol Nutr 2010; 50: 
27-31

13 Logan RF. Inflammatory bowel disease incidence: up, down 
or unchanged? Gut 1998; 42: 309-311 

14 Ahuja V, Tandon RK. Inflammatory bowel disease in the 
Asia-Pacific area: a comparison with developed countries 
and regional differences. J Dig Dis 2010; 11: 134-147 

15 Pinsk V, Lemberg DA, Grewal K, Barker CC, Schreiber RA, 
Jacobson K. Inflammatory bowel disease in the South Asian 
pediatric population of British Columbia. Am J Gastroenterol 
2007; 102: 1077-1083 

16 Benchimol EI, Guttmann A, Griffiths AM, Rabeneck L, 
Mack DR, Brill H, Howard J, Guan J, To T. Increasing inci-
dence of paediatric inflammatory bowel disease in Ontario, 
Canada: evidence from health administrative data. Gut 2009; 
58: 1490-1497 

17 Phavichitr N, Cameron DJ, Catto-Smith AG. Increasing inci-
dence of Crohn’s disease in Victorian children. J Gastroenterol 
Hepatol 2003; 18: 329-332 

18 Schildkraut V, Alex G, Cameron DJ, Hardikar W, Lipschitz 
B, Oliver MR, Simpson DM, Catto-Smith AG. Sixty-year 
study of incidence of childhood ulcerative colitis finds elev-
en-fold increase beginning in 1990s. Inflamm Bowel Dis 2012; 
Epub ahead of print 

19 Man SM, Kaakoush NO, Mitchell HM. The role of bacteria 
and pattern-recognition receptors in Crohn’s disease. Nat 
Rev Gastroenterol Hepatol 2011; 8: 152-168

20 Sim WH, Wagner J, Cameron DJ, Catto-Smith AG, Bishop 
RF, Kirkwood CD. Novel Burkholderiales 23S rRNA genes 
identified in ileal biopsy samples from children: preliminary 
evidence that a subtype is associated with perianal Crohn’s 
disease. J Clin Microbiol 2010; 48: 1939-1942

21 Hubbard VM, Cadwell K. Viruses, autophagy genes, and 
Crohn’s disease. Viruses 2011; 3: 1281-1311 

22 Kolho KL, Klemola P, Simonen-Tikka ML, Ollonen ML, 
Roivainen M. Enteric viral pathogens in children with in-
flammatory bowel disease. J Med Virol 2012; 84: 345-347 

23 Man SM, Zhang L, Day AS, Leach ST, Lemberg DA, Mitch-
ell H. Campylobacter concisus and other Campylobacter 
species in children with newly diagnosed Crohn’s disease. 
Inflamm Bowel Dis 2010; 16: 1008-1016 

24 Man SM, Zhang L, Day AS, Leach S, Mitchell H. Detection 
of enterohepatic and gastric helicobacter species in fecal 
specimens of children with Crohn’s disease. Helicobacter 
2008; 13: 234-238

25 Hugot JP, Chamaillard M, Zouali H, Lesage S, Cézard JP, 
Belaiche J, Almer S, Tysk C, O’Morain CA, Gassull M, Binder 
V, Finkel Y, Cortot A, Modigliani R, Laurent-Puig P, Gower-
Rousseau C, Macry J, Colombel JF, Sahbatou M, Thomas G. 
Association of NOD2 leucine-rich repeat variants with sus-
ceptibility to Crohn’s disease. Nature 2001; 411: 599-603 

26 Fazeli A, Moore A, Holt WV. British Andrology Society 
Workshop: sperm interactions with epithelia and their prod-
ucts. Hum Fertil (Camb) 2000; 3: 166-171

27 Kobayashi KS, Chamaillard M, Ogura Y, Henegariu O, Ino-
hara N, Nuñez G, Flavell RA. Nod2-dependent regulation of 
innate and adaptive immunity in the intestinal tract. Science 
2005; 307: 731-734 

28 Lesage S, Zouali H, Cézard JP, Colombel JF, Belaiche J, 
Almer S, Tysk C, O’Morain C, Gassull M, Binder V, Finkel 
Y, Modigliani R, Gower-Rousseau C, Macry J, Merlin F, 
Chamaillard M, Jannot AS, Thomas G, Hugot JP. CARD15/
NOD2 mutational analysis and genotype-phenotype correla-
tion in 612 patients with inflammatory bowel disease. Am J 
Hum Genet 2002; 70: 845-857 

29 Tosa M, Negoro K, Kinouchi Y, Abe H, Nomura E, Takagi S, 

Day AS et al . Crohn’s disease and colitis in children



5868 November 7, 2012|Volume 18|Issue 41|WJG|www.wjgnet.com

Aihara H, Oomori S, Sugimura M, Takahashi K, Hiwatashi N, 
Takahashi S, Shimosegawa T. Lack of association between 
IBD5 and Crohn’s disease in Japanese patients demonstrates 
population-specific differences in inflammatory bowel dis-
ease. Scand J Gastroenterol 2006; 41: 48-53 

30 Mahurkar S, Banerjee R, Rani VS, Thakur N, Rao GV, 
Reddy DN, Chandak GR. Common variants in NOD2 and 
IL23R are not associated with inflammatory bowel disease 
in Indians. J Gastroenterol Hepatol 2011; 26: 694-699 

31 Jang JY, Song SM, Kim KM, Oh SH, Lee YJ, Rhee KW. Lack 
of common NOD2 mutations in Korean pediatric patients 
with inflammatory bowel disease. Pediatr Int 2010; 52: 
888-889 

32 Levine A, Shamir R, Wine E, Weiss B, Karban A, Shaoul 
RR, Reif SS, Yakir B, Friedlander M, Kaniel Y, Leshinsky-
Silver E. TNF promoter polymorphisms and modulation of 
growth retardation and disease severity in pediatric Crohn’
s disease. Am J Gastroenterol 2005; 100: 1598-1604

33 Imielinski M, Baldassano RN, Griffiths A, Russell RK, An-
nese V, Dubinsky M, Kugathasan S, Bradfield JP, Walters 
TD, Sleiman P, Kim CE, Muise A, Wang K, Glessner JT, 
Saeed S, Zhang H, Frackelton EC, Hou C, Flory JH, Otieno 
G, Chiavacci RM, Grundmeier R, Castro M, Latiano A, Dal-
lapiccola B, Stempak J, Abrams DJ, Taylor K, McGovern D, 
Silber G, Wrobel I, Quiros A, Barrett JC, Hansoul S, Nico-
lae DL, Cho JH, Duerr RH, Rioux JD, Brant SR, Silverberg 
MS, Taylor KD, Barmuda MM, Bitton A, Dassopoulos T, 
Datta LW, Green T, Griffiths AM, Kistner EO, Murtha MT, 
Regueiro MD, Rotter JI, Schumm LP, Steinhart AH, Targan 
SR, Xavier RJ, Libioulle C, Sandor C, Lathrop M, Belaiche 
J, Dewit O, Gut I, Heath S, Laukens D, Mni M, Rutgeerts 
P, Van Gossum A, Zelenika D, Franchimont D, Hugot JP, 
de Vos M, Vermeire S, Louis E, Cardon LR, Anderson CA, 
Drummond H, Nimmo E, Ahmad T, Prescott NJ, Onnie 
CM, Fisher SA, Marchini J, Ghori J, Bumpstead S, Gwillam 
R, Tremelling M, Delukas P, Mansfield J, Jewell D, Satsangi J, 
Mathew CG, Parkes M, Georges M, Daly MJ, Heyman MB, 
Ferry GD, Kirschner B, Lee J, Essers J, Grand R, Stephens M, 
Levine A, Piccoli D, Van Limbergen J, Cucchiara S, Monos 
DS, Guthery SL, Denson L, Wilson DC, Grant SF, Daly M, 
Silverberg MS, Satsangi J, Hakonarson H. Common variants 
at five new loci associated with early-onset inflammatory 
bowel disease. Nat Genet 2009; 41: 1335-1340 

34 Franke A, McGovern DP, Barrett JC, Wang K, Radford-
Smith GL, Ahmad T, Lees CW, Balschun T, Lee J, Roberts 
R, Anderson CA, Bis JC, Bumpstead S, Ellinghaus D, Festen 
EM, Georges M, Green T, Haritunians T, Jostins L, Latiano A, 
Mathew CG, Montgomery GW, Prescott NJ, Raychaudhuri 
S, Rotter JI, Schumm P, Sharma Y, Simms LA, Taylor KD, 
Whiteman D, Wijmenga C, Baldassano RN, Barclay M, Bay-
less TM, Brand S, Büning C, Cohen A, Colombel JF, Cottone 
M, Stronati L, Denson T, De Vos M, D’Inca R, Dubinsky M, 
Edwards C, Florin T, Franchimont D, Gearry R, Glas J, Van 
Gossum A, Guthery SL, Halfvarson J, Verspaget HW, Hugot 
JP, Karban A, Laukens D, Lawrance I, Lemann M, Levine 
A, Libioulle C, Louis E, Mowat C, Newman W, Panés J, 
Phillips A, Proctor DD, Regueiro M, Russell R, Rutgeerts P, 
Sanderson J, Sans M, Seibold F, Steinhart AH, Stokkers PC, 
Torkvist L, Kullak-Ublick G, Wilson D, Walters T, Targan 
SR, Brant SR, Rioux JD, D’Amato M, Weersma RK, Kugath-
asan S, Griffiths AM, Mansfield JC, Vermeire S, Duerr RH, 
Silverberg MS, Satsangi J, Schreiber S, Cho JH, Annese V, 
Hakonarson H, Daly MJ, Parkes M. Genome-wide meta-
analysis increases to 71 the number of confirmed Crohn’s 
disease susceptibility loci. Nat Genet 2010; 42: 1118-1125 

35 Glocker EO, Kotlarz D, Boztug K, Gertz EM, Schäffer AA, 
Noyan F, Perro M, Diestelhorst J, Allroth A, Murugan D, 
Hätscher N, Pfeifer D, Sykora KW, Sauer M, Kreipe H, 
Lacher M, Nustede R, Woellner C, Baumann U, Salzer U, 
Koletzko S, Shah N, Segal AW, Sauerbrey A, Buderus S, 

Snapper SB, Grimbacher B, Klein C. Inflammatory bowel 
disease and mutations affecting the interleukin-10 receptor. 
N Engl J Med 2009; 361: 2033-2045

36 Henderson P, van Limbergen JE, Wilson DC, Satsangi J, 
Russell RK. Genetics of childhood-onset inflammatory bow-
el disease. Inflamm Bowel Dis 2011; 17: 346-361

37 Bianco AM, Zanin V, Girardelli M, Magnolato A, Martelossi 
S, Tommasini A, Marcuzzi A, Crovella S. A common genetic 
background could explain early-onset Crohn’s disease. Med 
Hypotheses 2012; 78: 520-522 

38 Griffiths AM. Specificities of inflammatory bowel disease in 
childhood. Best Pract Res Clin Gastroenterol 2004; 18: 509-523 

39 Greenstein AJ, Janowitz HD, Sachar DB. The extra-intesti-
nal complications of Crohn’s disease and ulcerative colitis: a 
study of 700 patients. Medicine (Baltimore) 1976; 55: 401-412 

40 Hyams JS. Extraintestinal manifestations of inflammatory 
bowel disease in children. J Pediatr Gastroenterol Nutr 1994; 
19: 7-21 

41 Thomas AG, Taylor F, Miller V. Dietary intake and nutri-
tional treatment in childhood Crohn’s disease. J Pediatr Gas-
troenterol Nutr 1993; 17: 75-81

42 Walters TD, Griffiths AM. Mechanisms of growth impair-
ment in pediatric Crohn’s disease. Nat Rev Gastroenterol 
Hepatol 2009; 6: 513-523 

43 Levin AD, Wadhera V, Leach ST, Woodhead HJ, Lemberg 
DA, Mendoza-Cruz AC, Day AS. Vitamin D deficiency in 
children with inflammatory bowel disease. Dig Dis Sci 2011; 
56: 830-836

44 Hill RJ, Brookes DS, Davies PS. Bones in pediatric Crohn’
s disease: a review of fracture risk in children and adults. 
Inflamm Bowel Dis 2011; 17: 1223-1228 

45 Sylvester FA, Wyzga N, Hyams JS, Davis PM, Lerer T, 
Vance K, Hawker G, Griffiths AM. Natural history of bone 
metabolism and bone mineral density in children with in-
flammatory bowel disease. Inflamm Bowel Dis 2007; 13: 42-50 

46 Sidler MA, Leach ST, Day AS. Fecal S100A12 and fecal cal-
protectin as noninvasive markers for inflammatory bowel 
disease in children. Inflamm Bowel Dis 2008; 14: 359-366 

47 Judd TA, Day AS, Lemberg DA, Turner D, Leach ST. Up-
date of fecal markers of inflammation in inflammatory 
bowel disease. J Gastroenterol Hepatol 2011; 26: 1493-1499 

48 Mack DR, Langton C, Markowitz J, LeLeiko N, Griffiths A, 
Bousvaros A, Evans J, Kugathasan S, Otley A, Pfefferkorn M, 
Rosh J, Mezoff A, Moyer S, Oliva-Hemker M, Rothbaum R, 
Wyllie R, delRosario JF, Keljo D, Lerer T, Hyams J. Labora-
tory values for children with newly diagnosed inflamma-
tory bowel disease. Pediatrics 2007; 119: 1113-1119

49 Dubinsky MC, Ofman JJ, Urman M, Targan SR, Seidman 
EG. Clinical utility of serodiagnostic testing in suspected pe-
diatric inflammatory bowel disease. Am J Gastroenterol 2001; 
96: 758-765

50 IBD Working Group of the European Society for Pae-
diatric Gastroenterology, Hepatology and Nutrition. 
Inflammatory bowel disease in children and adolescents: 
recommendations for diagnosis--the Porto criteria. J Pediatr 
Gastroenterol Nutr 2005; 41: 1-7 

51 Panés J, Bouzas R, Chaparro M, García-Sánchez V, Gis-
bert JP, Martínez de Guereñu B, Mendoza JL, Paredes JM, 
Quiroga S, Ripollés T, Rimola J. Systematic review: the use 
of ultrasonography, computed tomography and magnetic 
resonance imaging for the diagnosis, assessment of activity 
and abdominal complications of Crohn’s disease. Aliment 
Pharmacol Ther 2011; 34: 125-145

52 Jensen MD, Nathan T, Rafaelsen SR, Kjeldsen J. Diagnostic 
accuracy of capsule endoscopy for small bowel Crohn’s dis-
ease is superior to that of MR enterography or CT enterog-
raphy. Clin Gastroenterol Hepatol 2011; 9: 124-129 

53 Charron M, Di Lorenzo C, Kocoshis S. Are 99mTc leukocyte 
scintigraphy and SBFT studies useful in children suspected 
of having inflammatory bowel disease? Am J Gastroenterol 

Day AS et al . Crohn’s disease and colitis in children



5869 November 7, 2012|Volume 18|Issue 41|WJG|www.wjgnet.com

2000; 95: 1208-1212 
54 Lemberg DA, Issenman RM, Cawdron R, Green T, Mernagh 

J, Skehan SJ, Nahmias C, Jacobson K. Positron emission 
tomography in the investigation of pediatric inflammatory 
bowel disease. Inflamm Bowel Dis 2005; 11: 733-738 

55 Migaleddu V, Quaia E, Scanu D, Carla S, Bertolotto M, 
Campisi G, Sirigu D, Virgilio G. Inflammatory activity in 
Crohn’s disease: CE-US. Abdom Imaging 2011; 36: 142-148 

56 Day AS, Whitten KE, Lemberg DA, Clarkson C, Vitug-Sales 
M, Jackson R, Bohane TD. Exclusive enteral feeding as pri-
mary therapy for Crohn’s disease in Australian children and 
adolescents: a feasible and effective approach. J Gastroenterol 
Hepatol 2006; 21: 1609-1614 

57 Critch J, Day AS, Otley A, King-Moore C, Teitelbaum JE, 
Shashidhar H. Use of enteral nutrition for the control of 
intestinal inflammation in pediatric Crohn disease. J Pediatr 
Gastroenterol Nutr 2012; 54: 298-305

58 Borrelli O, Cordischi L, Cirulli M, Paganelli M, Labalestra 
V, Uccini S, Russo PM, Cucchiara S. Polymeric diet alone 
versus corticosteroids in the treatment of active pediatric 
Crohn’s disease: a randomized controlled open-label trial. 
Clin Gastroenterol Hepatol 2006; 4: 744-753 

59 Bousvaros A, Kirschner BS, Werlin SL, Parker-Hartigan 
L, Daum F, Freeman KB, Balint JP, Day AS, Griffiths AM, 
Zurakowski D, Ferry GD, Leichtner AM. Oral tacrolimus 
treatment of severe colitis in children. J Pediatr 2000; 137: 
794-799 

60 Boyle B, Mackner L, Ross C, Moses J, Kumar S, Crandall W. 
A single-center experience with methotrexate after thiopu-
rine therapy in pediatric Crohn disease. J Pediatr Gastroen-
terol Nutr 2010; 51: 714-717 

61 Punati J, Markowitz J, Lerer T, Hyams J, Kugathasan S, 
Griffiths A, Otley A, Rosh J, Pfefferkorn M, Mack D, Evans 
J, Bousvaros A, Moyer MS, Wyllie R, Oliva-Hemker M, 
Mezoff A, Leleiko N, Keljo D, Crandall W. Effect of early 
immunomodulator use in moderate to severe pediatric 
Crohn disease. Inflamm Bowel Dis 2008; 14: 949-954 

62 Hyams J, Crandall W, Kugathasan S, Griffiths A, Olson 
A, Johanns J, Liu G, Travers S, Heuschkel R, Markowitz J, 
Cohen S, Winter H, Veereman-Wauters G, Ferry G, Baldas-
sano R. Induction and maintenance infliximab therapy for 
the treatment of moderate-to-severe Crohn’s disease in chil-
dren. Gastroenterology 2007; 132: 863-873; quiz 1165-1166 

63 Russell RK, Wilson ML, Loganathan S, Bourke B, Kiparissi 
F, Mahdi G, Torrente F, Rodrigues A, Davies I, Thomas A, 
Akobeng AK, Fagbemi A, Hyer W, Spray C, Vaish S, Rogers 
P, McGrogan P, Heuschkel RB, Ayub N, Fell JM, Afzal NA, 
Green M, Murphy MS, Rao P, Shah N, Ho GT, Naik S, Wil-
son DC. A British Society of Paediatric Gastroenterology, 
Hepatology and Nutrition survey of the effectiveness and 
safety of adalimumab in children with inflammatory bowel 

disease. Aliment Pharmacol Ther 2011; 33: 946-953
64 Turner D, Zlotkin SH, Shah PS, Griffiths AM. Omega 3 fatty 

acids (fish oil) for maintenance of remission in Crohn’s dis-
ease. Cochrane Database Syst Rev 2009; (1): CD006320

65 Pham M, Lemberg DA, Day AS. Probiotics: sorting the evi-
dence from the myths. Med J Aust 2008; 188: 304-308 

66 Smith JP, Bingaman SI, Ruggiero F, Mauger DT, Mukherjee 
A, McGovern CO, Zagon IS. Therapy with the opioid antag-
onist naltrexone promotes mucosal healing in active Crohn’
s disease: a randomized placebo-controlled trial. Dig Dis Sci 
2011; 56: 2088-2097 

67 Summers RW, Elliott DE, Urban JF, Thompson R, Wein-
stock JV. Trichuris suis therapy in Crohn’s disease. Gut 
2005; 54: 87-90

68 Hommel KA, Denson LA, Baldassano RN. Oral medication 
adherence and disease severity in pediatric inflammatory 
bowel disease. Eur J Gastroenterol Hepatol 2011; 23: 250-254 

69 Gray WN, Denson LA, Baldassano RN, Hommel KA. Dis-
ease activity, behavioral dysfunction, and health-related 
quality of life in adolescents with inflammatory bowel dis-
ease. Inflamm Bowel Dis 2011; 17: 1581-1586 

70 Jakobsen C, Bartek J, Wewer V, Vind I, Munkholm P, Groen 
R, Paerregaard A. Differences in phenotype and disease 
course in adult and paediatric inflammatory bowel disease-
-a population-based study. Aliment Pharmacol Ther 2011; 34: 
1217-1224

71 Dubinsky MC, Kugathasan S, Mei L, Picornell Y, Nebel J, 
Wrobel I, Quiros A, Silber G, Wahbeh G, Katzir L, Vasiliaus-
kas E, Bahar R, Otley A, Mack D, Evans J, Rosh J, Hemker 
MO, Leleiko N, Crandall W, Langton C, Landers C, Taylor 
KD, Targan SR, Rotter JI, Markowitz J, Hyams J. Increased 
immune reactivity predicts aggressive complicating Crohn’
s disease in children. Clin Gastroenterol Hepatol 2008; 6: 
1105-1111 

72 Siegel CA, Siegel LS, Hyams JS, Kugathasan S, Markowitz J, 
Rosh JR, Leleiko N, Mack DR, Crandall W, Evans J, Keljo DJ, 
Otley AR, Oliva-Hemker M, Farrior S, Langton CR, Wrobel 
IT, Wahbeh G, Quiros JA, Silber G, Bahar RJ, Sands BE, Du-
binsky MC. Real-time tool to display the predicted disease 
course and treatment response for children with Crohn’s 
disease. Inflamm Bowel Dis 2011; 17: 30-38 

73 Lacher M, Helmbrecht J, Schroepf S, Koletzko S, Ballauff 
A, Classen M, Uhlig H, Hubertus J, Hartl D, Lohse P, von 
Schweinitz D, Kappler R. NOD2 mutations predict the risk 
for surgery in pediatric-onset Crohn’s disease. J Pediatr Surg 
2010; 45: 1591-1597 

74 Moore JC, Thompson K, Lafleur B, Book LS, Jackson WD, 
O’Gorman MA, Black RE, Downey E, Johnson DG, Matlak 
ME, Meyers RL, Scaife E, Guthery SL. Clinical variables as 
prognostic tools in pediatric-onset ulcerative colitis: a retro-
spective cohort study. Inflamm Bowel Dis 2011; 17: 15-21 

S- Editor  Gou SX    L- Editor  A    E- Editor  Zhang DN

Day AS et al . Crohn’s disease and colitis in children


