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treatments and higher requirement of surgery,5-7 recent stud-

ies have shown that its surgery rate is comparable with that of 

older children.8 Another study revealed that the disease severi-

ty in VEO-IBD with Crohn’s disease (CD) at the time of diagno-

sis is milder than that in older patients.9 There have been sever-

al reports6,10-12 on the clinical features and disease course of 

VEO-IBD from North America and Europe, but similar studies 

from other countries have been rare.13,14 A multicenter, cross-

sectional study of pediatric IBD involving children up to the 

age of 17 years15 and a nationwide survey of VEO-IBD from 

1998 to 200816 were carried out in Japan, including some of the 

patients in this study, but the classification of IBD and the fo-

cus of these studies were different. VEO-IBD has more genetic 
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Background/Aims: Very early-onset inflammatory bowel disease (VEO-IBD), defined as IBD diagnosed in patients younger 
than 6 years, is a challenge for pediatric gastroenterologists. Although there have been reports regarding VEO-IBD in Western 
countries, those in Asia are still lacking. This study aimed to investigate the clinical features of Japanese VEO-IBD patients. 
Methods: Patients with VEO-IBD diagnosed between 2006 and 2019 were evaluated retrospectively. The disease phenotypes 
were classified into ulcerative colitis type (UC-type) and Crohn’s disease type (CD-type), and the clinical features and courses 
were compared between the phenotypes. Results: Overall, 54 VEO-IBD patients (19 patients with UC-type and 35 patients 
with CD-type) were evaluated. The median age at onset was 18 months. One patient had severe combined immunodeficiency 
(SCID), and 9 patients had monogenic IBD. Monogenic IBD was more prevalent in the CD-type patients with perianal disease 
(CD-type (PD)). The age at onset was significantly lower in the CD-type group (P < 0.05). The most common initial symptom 
was bloody stools (70%), followed by diarrhea (63%), weight loss (24%), fever (20%), and perianal disease (20%). Excluding pa-
tients with SCID and monogenic IBD, 23 out of 44 patients (52%) required biologics. The biologics were switched in 11 out of 44 
patients (25%), and the majority of these patients (82%) were in the CD-type group. Overall, 9 patients (20%) required intestinal 
resection or ostomy placement. Conclusions: CD-type tends to occur at an earlier age, and monogenic IBD occurs significantly 
more frequently in CD-type (PD). Disease severity and treatment should be individualized, owing to the disease heterogeneity. 
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ORIGINAL ARTICLE

INTRODUCTION

The incidence of pediatric-onset inflammatory bowel disease 

(IBD) has been increasing worldwide in the last few decades.1-3 

Very early-onset IBD (VEO-IBD), that is, IBD diagnosed before 

6 years of age, accounts for approximately 15% of pediatric IBD 

cases.4 Although VEO-IBD was initially considered to have an 

aggressive disease course with poor response to conventional 
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factors for its pathogenesis.17 VEO-IBD is a heterogeneous group 

of diseases, and thus, determining its clinical features and dis-

ease course across various regions and races would help to 

elucidate its overall clinical picture. Accumulating adequate 

data would help improve the diagnostic and treatment accura-

cy. As such, this study aimed to review the clinical features and 

disease courses of Japanese pediatric patients with VEO-IBD.

METHODS

1. Study Design and Patients
This was a retrospective review of the medical records of a co-

hort of VEO-IBD patients diagnosed between 2006 and 2019 

at the Center for Pediatric IBD of the National Center for Child 

Health and Development (NCCHD), a tertiary children’s hos-

pital in Tokyo, Japan. IBD was diagnosed according to the re-

vised Porto criteria with endoscopic and pathological findings. 

Patients who were initially considered to have IBD-like condi-

tions but were later found to have infectious, eosinophilic gas-

trointestinal, or non-inflammatory causes were excluded.

2. Variable Definitions
VEO-IBD was classified into 2 categories as UC-type (i.e., con-

tinuous colonic inflammatory lesion without definite upper 

gastrointestinal, small bowel, or perianal involvement) and 

CD-type (i.e., intestinal inflammatory lesion not consistent 

with UC-type). This was because a certain number of VEO-

IBD patients cannot be diagnosed with conventional UC, CD, 

or IBD-unclassified. This classification covers all patients with 

VEO-IBD, including those with monogenic IBD. Patients with 

perianal disease were classified as having CD-type (PD). Peri-

anal disease was defined in patients who had a fistula, anal ca-

nal ulcer, or abscess. 

The disease location and severity were categorized based 

on the Paris classification.18 The classifications of UC and CD 

were defined as UC-type and CD-type, respectively. Thus, in 

these evaluations, patients for which total gastrointestinal tract 

evaluation could not be performed were excluded from the 

CD-type. To diagnose inborn errors of immunity, the results of 

Sanger sequencing, insurance-covered targeted panel sequenc-

ing (IL10, IL10RA, IL10RB, FOXP3, IL2RA, STAT1, TNFAIP3, 

MALT1, CTLA4, XIAP, STAT5B, TTC7A, SLCO2A1, LRBA, IL21, 

WAS, CYBA, CYBB, NCF2, and NCF4), whole-exome sequenc-

ing, and flow cytometry analysis performed at the discretion 

of the caring physicians were reviewed. Those diagnosed or 

suspected to have monogenic IBD were included in this study; 

however, patients with severe combined immunodeficiency 

(SCID) and monogenic IBD that were treated with bone mar-

row transplantation (BMT) were excluded from the analysis 

for medical treatment.

3. Statistical Analysis
Continuous data were described as medians (ranges), while 

discrete data were described as percentages. Fisher exact test 

was used to evaluate the differences in sex, gastrointestinal 

symptoms, extraintestinal manifestations at the onset, and use 

of biologics between the UC-type and CD-type groups. The 

Mann-Whitney U test was used to assess the differences in 

age at onset and diagnosis between the 2 groups. All statistical 

analyses were performed using the EZR software system (Saita-

ma Medical Center, Jichi Medical University, Saitama, Japan).19 

Statistical significance was set at P < 0.05.

4. Ethics
This study was approved by the Institutional Review Board of 

NCCHD (IRB No. 2020-189), and written informed consent 

was waived because of the retrospective design.

RESULTS

1. Patient Characteristics
In total, 54 patients with VEO-IBD (19 patients with UC-type 

and 35 patients with CD-type) were evaluated. Twelve patients 

with CD-type had perianal disease (CD-type (PD)). The pa-

tient characteristics are shown in Table 1. The median ages at 

onset and diagnosis of VEO-IBD were 18 months (range, 0–70 

months) and 28 months (range, 2–70 months), respectively. 

The median follow-up period was 4.3 years (range, 0.5–13.5 

years). Overall, 24 patients (44%) developed IBD before the 

age of 1 year (Fig. 1), and 33 patients (61%) were diagnosed 

before the age of 3 years. The age at onset and diagnosis was 

significantly younger in the CD-type group, particularly those 

with CD-type (PD), than in the UC-type group (P < 0.05).

The initial symptoms at disease onset are shown in Table 1. 

All patients in the UC-type group had hematochezia, but only 

approximately half of the CD-type group had the same symp-

tom (P < 0.05). Meanwhile, 11 patients in the CD-type group 

(31%) had perianal disease at onset. Vomiting was observed 

in 1 patient in the UC-type group (5%) and 1 patient in the 

CD-type group (3%) at the onset. One patient with UC-type 

had overlap syndromes of primary sclerosing cholangitis and 

autoimmune hepatitis. 
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2. Evaluation 
Colonoscopy was performed in all 54 patients (100%), while 

esophagogastroduodenoscopy was performed in 49 patients 

(91%). Evaluation of small intestinal lesions was performed in 

34 patients (63%), including small intestinal capsule endosco-

py in 13 patients (24%), small bowel follow-through in 16 pa-

tients (30%), and contrast-enhanced computed tomography 

in 12 patients (22%). In total, 41 patients (76%) underwent ge-

netic testing; 10 patients (19%), targeted panel sequencing; 25 

patients (46%), whole-exome sequencing; and 7 patients (13%), 

Table 1. Patient Characteristics

Characteristics Total UC-type
CD-type

P-value
Total Without PD With PD

No. of patients 54 19 35 23 12

Sex, male/female 30/24 7/12 23/12 14/9 9/3 0.051

Age at onset (mo), median (range) 18 (0–70) 33 (1–70) 7 (0–61) 8 (0–61) 5 (0–53) <0.050

Age at diagnosis (mo), median (range) 28 (2–70) 38 (2–70) 21 (2–64) 24 (2–64) 20 (2–60) <0.050

Gastrointestinal symptom at onset, No. (%)

   Diarrhea 34 (63) 11 (58) 23 (66) 19 (83) 4 (33) 0.769

   Bloody stools 38 (70) 19 (100) 19 (54) 15 (65) 4 (33) <0.050

   Vomiting 2 (4) 1 (5) 1 (3) 1 (4) 0 >0.999

   Weight loss 13 (24) 3 (16) 10 (29) 8 (35) 2 (17) 0.341

   Perianal disease 11 (20) 0 11 (31) 0 11 (92) -

Extraintestinal manifestation at onset, No. (%)

   Oral ulcers 2 (4) 0 2 (6) 2 (9) 0 0.535

   Folliculitis 1 (2) 0 1 (3) 0 0 >0.999

   Erythema nodosum 0 0 0 0 0 >0.999

   Arthritis 0 0 0 0 0 >0.999

   Arthralgia 0 0 0 0 0 >0.999

   Liver disease 1 (2) 1 (5) 0 0 0 >0.999

   Chronic, recurrent fever 10 (19) 4 (21) 6 (17) 5 (22) 1 (8) 0.728

UC, ulcerative colitis; CD, Crohn’s disease; PD, perianal disease. 

Fig. 1. Age at onset of very early-onset inflammatory bowel disease. (A) Age distribution at onset. (B) Comparison of age at onset be-
tween the ulcerative colitis (UC)-type and Crohn’s disease (CD)-type groups. The Mann-Whitney U test is used to assess the differences 
between the UC-type and CD-type groups.
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Sanger sequencing. Of them, 9 out of 41 (22%) were diagnosed 

with monogenic IBD, including 6 patients with chronic granu-

lomatous disease (CGD); 1 patient, interleukin-10 signaling 

defect; 1 patient, XIAP deficiency; and 1 patient, Wiskott-Al-

drich syndrome. All these conditions were categorized as CD-

type, and 8 of 9 monogenic IBD patients had PD. 

3. Diagnosis
Monogenic IBD was significantly more prevalent in the CD-

type group (P < 0.05). One patient with CD-type was clinically 

diagnosed with SCID on immunological and genetic analyses. 

This patient developed Pneumocystis jiroveci pneumonia at 5 

months of age. Immunological assessment demonstrated a 

marked decrease of T cells and B cells (normal NK) in periph-

eral blood; low T-cell receptor excision circles, indicating T cell 

lymphopenia20; and low kappa-deleting recombination exci-

sion circles, indicating B cell lymphopenia.21 However, no mu-

tations were identified in the disease-related genes (RAG1, 

RAG2, DCLRE1C, PRKDC, NHEJ1, LIG4, ADA, AK2, and RAC2). 

Diarrhea was observed at 2 months of age, and infectious en-

teritis was ruled out by stool culture. Endoscopic and histolog-

ical evaluations revealed IBD at 9 months of age.

Table 2 shows the extent and severity of UC-type, as well as 

the disease location and clinical behavior of CD-type. In the 

UC-type group, 15 patients (79%) had pancolitis at diagnosis. 

Only 4 patients (21%) were classified to have S1 disease (i.e., a 

pediatric UC activity index score of > 65). In the CD-type group, 

23 patients (66%) were evaluated for the involvement of the 

total gastrointestinal tract, including the small intestine, and 

L2 (colonic involvement only) was the most common disease 

location. Upper gastrointestinal lesions (L4a, L4b, and L4a+L4b) 

were found in 11 patients (48%), and perianal disease was 

found in 10 patients (43%). There were 2 patients (9%) who 

had a stenotic lesion classified as B2 at the time of diagnosis. 

In 2 patients, the diagnosis of severe UC-type was changed 

to CD-type during the follow-up period. One patient with se-

vere UC-type who underwent total colectomy with ileostomy 

placement developed ileal lesions with steroid-responsible di-Table 2. Inflammatory Bowel Disease Phenotype at Diagnosis 
(Paris Classification)

Type No. (%)

Ulcerative colitis (n=19)

Extent 

   E1 (proctitis) 0

   E2 (left sided) 3 (16)

   E3 (extensive hepatic flex) 1 (5)

   E4 (pancolitis) 15 (79)

Severity

   S0 (PUCAI <65) 15 (79)

   S1 (PUCAI ≥65) 4 (21)

Crohn’s disease (n=23)

Disease location 

   L1 0

   L2 17 (74)

   L3 5 (22)

   L4a 10 (43)

   L4b 3 (13)

Behavior

   B1 21 (91)

   B2 2 (9)

   B3 0

   B2B3 0

   Perianal disease 10 (43)

PUCAI, Pediatric Ulcerative Colitis Activity Index.

Table 3. Cumulative Exposure to Treatments

Variable
UC-type 
group 

(n=19)

CD-type 
group 

(n=25)
P-value 

5-ASA 19 (100) 24 (96) >0.999

Azathioprine/6-MP 12 (63) 20 (80) 0.308

Steroid (systemic) 13 (68) 16 (64) >0.999

Biologics 9 (47) 14 (56) 0.761

   Infliximab 7 (37) 14 (56)

   Adalimumab 2 (11) 4 (16)

   Golimumab 2 (11) 0

   Ustekinumab 1 (5) 7 (28)

   Vedolizumab 0 2 (8)

   1 Biologic 7 (37) 5 (20) 0.308

   2 or more biologics 2 (11) 9 (36) 0.081

Tacrolimus 7 (37) 4 (16) 0.164

Cyclosporine 0 3 (12) 0.247

Total parenteral nutrition 9 (47) 16 (64) 0.361

Intestinal-related surgery 4 (21)  5 (20) >0.999

Fecal microbiota transplantation 2 (11) 0 -

Values are presented as number (%).
UC, ulcerative colitis; CD, Crohn’s disease; 5-ASA, 5-aminosalicylic acid; 
6-MP, 6-mercaptopurine. 
Fisher exact test was used to evaluate the differences in medication use 
between the UC-type and CD-type groups.



https://doi.org/10.5217/ir.2021.00142 • Intest Res 2022;20(4):475-481

479www.irjournal.org

<doi> • <doi 1>

arrhea. Another patient with refractory UC-type developed je-

junal and ileal lesions 3 years after the diagnosis of UC-type.

4. Medication Use
Table 3 shows the cumulative exposure to treatments. Patients 

with SCID and monogenic IBD were excluded from this analy-

sis. 5-Aminosalicylic acid (5-ASA) was used in almost all pa-

tients, and azathioprine (AZA) or 6-mercaptopurine was used 

in 32 patients (73%). Steroids were used for induction therapy in 

29 patients (66%). During the follow-up period, biologics were 

used in 23 patients (52%), with infliximab being the most com-

monly used. There were 11 patients (25%) who received a sec-

ond or third biologic. There was no difference in biologics use 

between the UC-type and CD-type groups, but the proportion of 

patients that required a biologics switch was higher in the CD-

type group, although the difference was not significant. Overall, 6 

UC-type patients (32%) and 5 CD-type patients (20%) achieved 

and remained in remission, requiring only 5-ASA and partial en-

teral nutrition. In addition, 5-ASA and AZA were reduced or dis-

continued during follow-up in 1 UC-type patient (5%) and 4 CD-

type patients (16%) as these patients were on long-term remis-

sion. All but 1 monogenic IBD patient and 1 SCID patient under-

went BMT, and their gastrointestinal symptoms improved signif-

icantly. One CGD patient is scheduled for BMT.

5. Surgery
There were 10 patients (19%), including 1 with monogenic 

IBD, who underwent intestinal-related surgery. Total colecto-

my was performed in 4 UC-type patients. Meanwhile, 5 CD-

type patients required ostomy placement to spare the inflamed 

intestinal tract. One CD-type patient with an uncontrolled in-

tractable disease, even after a diverting ileostomy placement 

underwent total colectomy. In addition, 2 CD-type patients (1 

with perforation and the other with bleeding) required lapa-

rotomy for post-endoscopic complications.

6. Incidence of Mortality 
One UC-type patient and 1 CD-type patient, retrospectively 

suspected to have primary immunodeficiency, died of sepsis 

during immunosuppressive therapy for refractory IBD. An-

other patient with CD-type diagnosed with SCID also died of 

sepsis after BMT. 

DISCUSSION

Data on the clinical characteristics of VEO-IBD in Japanese 

patients are scarce. In this study, approximately half of the VEO-

IBD patients had disease onset before the age of 3 years, and 

most of the patients were diagnosed with CD-type. The severi-

ty of VEO-IBD varies among patients, and thus, treatment should 

be individualized. In a Japanese nationwide survey of VEO-

IBD, which had a 92% response rate, 56%, 21%, 8%, 3%, and 

12% had UC, CD, IBD-unclassified, Behçet’s disease, and im-

munodeficiency-associated enteritis, respectively.16 Further, 

half of the patients were diagnosed under the age of 3 years, 

which is consistent with the findings in our study. Compared 

with a North American cohort of VEO-IBD in which 26% of 

VEO-IBD patients were diagnosed under the age of 3 years,11 

Japanese VEO-IBD patients appear to have a younger onset. 

This may suggest more genetic components for their disease 

origin. A larger nationwide cohort with more genetic data would 

enable a better comparison across different regions worldwide. 

In our study, all UC-type patients presented with bloody 

stools, but only 21% of the patients had severe disease (S1) at 

diagnosis. One of the factors for the relatively lower S1 rate 

may be the earlier coloscopy and diagnosis with early detec-

tion of bloody stools in this age group. Nevertheless, most of 

the patients already had extended disease at the time of diag-

nosis. In a Japanese registry study,15 88% of patients aged 0–5 

years had E4 disease. Meanwhile, in a single-center study from 

North America,11 E4 patients accounted for 67% of those with 

VEO-IBD/UC. Extended disease is one of the characteristics 

of UC-type/UC in VEO-IBD worldwide. In this study, although 

the proportion of patients with S1 disease at diagnosis was not 

high, biologics were required in 47% of the UC-type patients 

during the follow-up. In addition, 21% of UC-type patients re-

quired a colectomy or diverting ileostomy. Accelerated step-

up should be considered in UC-type patients who do not re-

spond to conventional treatment for UC.

More than half of our patients had CD-type, and 26% of them 

were found to have monogenic IBD. The CD-type group in-

cluded a high proportion of L2 patients. This is in line with re-

ports from a registry study in Japan15 and a single-center study 

in the United States11 that showed that the proportion of L2 

patients is higher in VEO-IBD patients than in IBD patients of 

older ages. Limited modalities to evaluate small bowel lesions 

in this small group of children may have contributed to the 

high number of L2 lesions. In the current study, 31% of CD-

type patients have perianal disease, which is a higher rate than 

in North American patients with VEO-CD.11 A Japanese multi-

center pediatric CD registry also showed significantly higher 

rates of PD modifier than in the European registry.15
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With respect to treatment, the number of patients who re-

ceived 2 or more biologics was higher among those with CD-

type without monogenic IBD than in those with UC-type, and 

20% of patients with CD-type without monogenic IBD required 

ostomy placement. Meanwhile, some patients did not require 

steroids, immunomodulators, or biologics, and some children 

who initially required steroids or biologics maintained long-

term remission with only 5-ASA. Mild cases responding to con-

ventional therapy have been described in previous studies.9,10,22 

Collectively, these findings support that the severity of CD-type 

varies among patients. Accordingly, genetic and immunologi-

cal testing are essential for the proper treatment of monogenic 

IBD and primary immunodeficiency-associated IBD, espe-

cially in patients with CD-type onset before the age of 3 years. 

This study has some limitations. First, this was a retrospec-

tive single-center study conducted at a pediatric IBD center, 

and the disease severity of this cohort may not reflect that in 

the general population. In addition, the possibility of selection 

bias could not be ruled out. Second, small bowel imaging stud-

ies were not performed in some patients, especially in patients 

diagnosed with CGD before IBD and in patients in whom cap-

sule endoscopy is not feasible. Other limitations include the 

difference in the follow-up periods among the patients and in 

the available genetic testing or standardized treatment. A mul-

ticenter registry study for VEO-IBD would further elucidate 

this challenging condition.

In conclusion, this study showed that half of VEO-IBD cases 

develop before the age of 3 years, and VEO-IBD can present 

with a wide range of disease severity from mild to severe cas-

es. CD-type, especially that which develops at an earlier age, is 

characterized by many intractable cases requiring biologics. 

Monogenic IBD is highly common among CD-type (PD) pa-

tients. Given the heterogeneous nature of VEO-IBD, early di-

agnosis with genetic and immunological testing is crucial. 
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