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Abstract 
Background and Aims: Over 80 monogenic causes of very early onset inflammatory bowel disease [VEOIBD] have been identified. Prior reports 
of the natural history of VEOIBD have not considered monogenic disease status. The objective of this study is to describe clinical phenotypes 
and outcomes in a large single-centre cohort of patients with VEOIBD and universal access to whole exome sequencing [WES].
Methods: Patients receiving IBD care at a single centre were prospectively enrolled in a longitudinal data repository starting in 2012. WES was 
offered with enrollment. Enrolled patients were filtered by age of diagnosis <6 years to comprise a VEOIBD cohort. Monogenic disease was 
identified by filtering proband variants for rare, loss-of-function, or missense variants in known VEOIBD genes inherited according to standard 
Mendelian inheritance patterns.
Results: This analysis included 216 VEOIBD patients, followed for a median of 5.8 years. Seventeen patients [7.9%] had monogenic disease. 
Patients with monogenic IBD were younger at diagnosis and were more likely to have Crohn’s disease phenotype with higher rates of stricturing 
and penetrating disease and extraintestinal manifestations. Patients with monogenic disease were also more likely to experience outcomes of 
intensive care unit [ICU] hospitalisation, gastrostomy tube, total parenteral nutrition use, stunting at 3-year follow-up, haematopoietic stem cell 
transplant, and death. A total of 41 patients [19.0%] had infantile-onset disease. After controlling for monogenic disease, patients with infantile-
onset IBD did not have increased risk for most severity outcomes.
Conclusions: Monogenic disease is an important driver of disease severity in VEOIBD. WES is a valuable tool in prognostication and manage-
ment of VEOIBD.
Key Words: Very early onset inflammatory bowel disease; whole exome sequencing; disease course

1.  Introduction
In!ammatory bowel disease [IBD], comprising Crohn’s 
disease [CD], ulcerative colitis [UC], and in!ammatory 

bowel disease-unde"ned [IBD-U], is characterised by chronic 
intestinal in!ammation with a relapsing-remitting course. 
The aetiology of IBD is typically thought to be multifactorial, 
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triggered by environmental factors in a genetically suscep-
tible host. It is suspected that genetic risk plays a greater role 
in paediatric-onset IBD,1 with some studies showing that 
higher polygenic risk scores2 as well as speci"c IBD risk vari-
ants3–5 are associated with earlier disease onset. However, in 
very early onset IBD [VEOIBD], de"ned as disease onset at 
age less than 6 years, genetics are postulated to play an even 
greater role in disease development, with over 80 mono-
genic causes of disease identi"ed to date.6–9 These monogenic 
causes most often represent primary immune de"ciencies or 
epithelial barrier defects10 and are critical to identify, when 
present, as they often have major implications in clinical 
management.

The natural history of VEOIBD is not yet well established. 
Earlier studies suggest that VEOIBD may be characterised by a 
more aggressive and treatment-refractory disease course.9,11–13 
However, more recent data around this have been mixed, with 
one large Canadian study showing decreased health care use 
in VEOIBD compared with later-onset disease.14 Paediatric 
gastroenterologists are increasingly tasked with prognosti-
cating VEOIBD, which now represents the age group with 
the fastest growing incidence of disease.15 Prognostication 
is advanced by the "eld’s rapidly expanding knowledge of 
monogenic causes of IBD,8 and this knowledge is at the fore-
front of understanding disease course and precision medicine 
approaches. For example, interleukin-10 [IL10] signaling 
defects are one of the most commonly described monogenic 
causes of VEOIBD and are notoriously refractory to con-
ventional IBD therapies.16 IL10 signaling defects have been 
characterised in human and mouse models by an enhanced 
interleukin-1 [IL1] signature; it has been shown that patients 
with IL10 signaling defects can be cured with haematopoietic 
stem cell transplant [HSCT] and bridged to transplant with 
anti-IL1 therapy.17–19 This is a shining example of how our 
growing knowledge of monogenic mechanisms of disease is 
changing the nuance with which we can understand, treat, 
and prognosticate disease that was once treatment-refractory.

Literature to date describing the natural history of VEOIBD 
has not been in patient cohorts with widely available whole 
exome sequencing [WES]. In this study, we report on the nat-
ural history of VEOIBD in a large, single-centre cohort with 
universal access to WES. We hypothesise that VEOIBD rep-
resents a heterogeneous patient population on a spectrum 
of mild to severe disease, and that monogenic disease is an 
important driver of disease severity. In our VEOIBD cohort, 
we describe prevalence of monogenic disease and compare 
IBD phenotypes and outcomes in monogenic versus non-
monogenic groups. Given prior reports of infantile-onset 
disease having more severe course,20,21 we additionally ana-
lysed outcomes in infantile versus non-infantile VEOIBD 
after adjusting for monogenic disease status.

2.  Materials and Methods
2.1. Study design
We conducted a retrospective chart review of patients with 
VEOIBD enrolled in the Boston Children’s Hospital [BCH] 
IBD Longitudinal Data Repository. BCH is a large, quater-
nary children’s hospital and IBD referral centre. Patients with 
a diagnosis of IBD receiving clinical care at BCH have been 
prospectively enrolled in the repository since 2012. The re-
pository houses longitudinal clinical data on and biospecimens 
from enrolled patients.

2.2. Study cohort
The data repository was "ltered by age of diagnostic endos-
copy <6 years, comprising the cohort for retrospective chart 
review. Inclusion criteria were: [1] con"rmed diagnosis of IBD 
based on standard endoscopic, histological, or radiographic 
evaluation22; [2] less than 6 years of age on date of diag-
nostic endoscopy; and [3] at least one clinical encounter with 
a gastroenterologist at BCH. Exclusion criteria included: [1] 
presence of an alternative diagnosis accounting for IBD-like 
presentation, such as allergic, lymphocytic, or collagenous 
colitis or a non-in!ammatory congenital diarrhoea syndrome; 
and [2] incomplete medical record, such as missing initial 
diagnostic data.

2.3. Patient enrolment and whole exome 
sequencing
IBD patients were approached by trained research assistants 
at BCH clinic visits, endoscopy encounters, and inpatient hos-
pitalisations and offered enrolment in the IBD Longitudinal 
Data Repository. WES was offered to all enrolled patients and 
their "rst-degree relatives. Patients who had telemedicine en-
counters during the COVID-19 pandemic had the option to 
enroll by phone, and buccal swab kits for WES were com-
pleted by mail. WES performed prior to October 2018 was 
done on a research basis in collaboration with pharmaceut-
ical partners. Subsequently, WES was performed clinically 
through the Children’s Rare Disease Cohorts [CRDC], an 
internally funded BCH initiative that funded clinical labora-
tory improvement amendments [CLIA]-compliant WES.23 
Protocol for WES performed by pharmaceutical collaborators 
can be found in the Supplementary Methods. Patients enrolled 
through the CRDC initiative had DNA collected by buccal 
swab and sent to GeneDx [Gaithersburg, MD] for DNA iso-
lation and sequencing. The complete protocol for WES per-
formed by the CRDC is as described by Rockowitz et al.23

WES data were analysed by a biostatistician in conjunc-
tion with trained gastroenterologists. Data were analysed on 
GRCh38 background. Proband variants were "ltered by rare, 
loss-of-function [LOF], or missense variants in established 
VEOIBD genes [Supplementary Table 1]6,8–10,24–27 inherited 
according to standard Mendelian inheritance patterns. Rare 
variants were those with minor allele frequency [MAF] <1% 
for homozygous, hemizygous, and de novo mutations and 
<5% for compound heterozygous mutations according to 
gnomAD.28 Subjects who met these "lter criteria were classi-
"ed as having monogenic disease, with the caveat that com-
pound heterozygotes were classi"ed as monogenic only if 
parental WES data were available con"rming inheritance of 
the abnormal variants in a trans position. American College 
of Medical Genetics and Genomics [ACMG] classi"cations 
were reported for all patients classi"ed as having monogenic 
disease.29 Patients whose rare variants were classi"ed as ‘be-
nign’ or ‘likely benign’ were excluded from the monogenic 
disease group. One patient who was ultimately diagnosed 
with a monogenic disease had inconclusive WES; diagnosis 
was ultimately made by absent gene product protein levels 
and targeted comparative genomic hybridisation testing.

A subset of this cohort had targeted genetic testing. This 
testing was ordered by a primary clinician based on clinical 
judgement. If monogenic disease was diagnosed by targeted 
genetic testing prior to WES sample collection, WES was in 
some cases not pursued.
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For purposes of this analysis, patients without genetic 
testing were assumed to have non-monogenic disease. To con-
"rm the validity of this approach, all analyses presented in 
this work were additionally performed on the subset of this 
cohort who had completed WES or targeted genetic testing 
with identical results.

2.4. Data collection
Patient records were reviewed for demographic data, clin-
ical phenotype, extraintestinal manifestations, medical 
comorbidities, anthropometric parameters, hospitalisations, 
surgeries, haematopoietic stem cell transplant [HSCT], and 
death. A single paediatric gastroenterologist [LC] with ex-
pertise in IBD performed all medical record reviews and data 
extraction. Medical record review occurred from May to 
August 2020. Study data were collected and managed using 
REDCap [Research Electronic Data Capture] electronic data 
capture tools hosted at BCH. REDCap is a secure, web-based 
software platform designed to support data capture for re-
search studies.30,31 For each patient, data from initial pres-
entation to most recent clinical encounter were included. 
Patients must have been followed for a minimum of 1 year 
after diagnosis, for inclusion in this analysis.

2.5. Definitions
Infantile-onset IBD was de"ned as age at diagnostic endos-
copy <2 years. IBD was classi"ed as CD, UC, or IBD-U and 
Paris classi"cations were assigned according to standard 
criteria.32,33 Penetrating disease was determined by the oc-
currence of bowel perforation, intraabdominal "stula, or 
abscess; isolated perianal or rectovaginal "stulae were ex-
cluded from the penetrating disease category. Perianal 
disease included perianal or rectovaginal "stula, anal canal 
ulcer, or abscess.33 Extraintestinal manifestations [EIMs] as-
sessed included arthropathy, erythema nodosum, enthesitis, 
episcleritis, fever, folliculitis, hepatic granulomas, oral aph-
thae, orofacial Crohn’s, primary sclerosing cholangitis, pyo-
derma gangrenosum, thrombotic events, uveitis, and vulvar 
Crohn’s. All comorbid diagnoses documented in the med-
ical record were recorded. Comorbidities with autoimmune 
or autoin!ammatory mechanism or with known genetic 
basis were denoted for additional analyses. Disease se-
verity outcome measures included hospitalisation, intensive 
care unit [ICU] hospitalisation, gastrostomy tube [G-tube] 
placement, total parenteral nutrition [TPN] use, surgery, 
5-aminosalicylate [5-ASA] failure, anti-tumour necrosis 
factor [TNF] failure, weight-for-age, height-for-age, and body 
mass index [BMI] z score <-2 at 3-year follow-up, HSCT, and 
death. Medication failure was de"ned by change in or escal-
ation of therapy. Surgeries recorded included intestinal resec-
tions, colectomy, diverting ostomy, ostomy revision, ostomy 
closure, stricturoplasty, lysis of adhesions, diagnostic lapar-
otomy, and perineal resection. Perianal surgeries such as anal 
"stulotomy, "stulectomy, incision and drainage of perianal 
abscess, or seton placement were not included in this ana-
lysis. Weight-for-age, length or height-for-age, and weight-
for-length or BMI z-scores were based on World Health 
Organization [WHO] criteria for patients aged <2 years and 
centres for Disease Control and Prevention [CDC] criteria 
for patients aged ≥2 years. Anthropometric data at diagnosis 
were included only if measured within 4 weeks of diagnostic 
endoscopy. Follow-up anthropometric data were analysed 
only if measured at least 3 years after diagnosis.

2.6. Statistical considerations
Standard descriptive statistics were used to characterise 
overall study population and speci"c subgroups of interest. 
Summary statistics including means, standard deviations, 
medians, and interquartile ranges were compiled for all 
measured variables. Welch two-sample t tests were used to 
compare means between two groups. Univariate logistic re-
gression or Fisher’s exact test were used to compare dichot-
omous outcomes in monogenic versus non-monogenic disease 
groups. Multivariate logistic regression was used to compare 
outcomes in infantile versus non-infantile disease with mono-
genic disease status as a covariate; p-values less than 0.05 
were considered statistically signi"cant. All statistical ana-
lyses were conducted in R [v 4.0.5].34

2.7. Ethical statement
Subjects were enrolled and data were collected under protocol 
00000529, approved by the Institutional Review Board at 
BCH. All patients included in this study and their parents/
guardians provided informed consent and assent where 
applicable.

3. Results
3.1. Cohort demographics
The study population included a total of 216 patients with 
VEOIBD [Table 1]. Patients in the cohort were diagnosed 
with IBD at a median age of 3.8 years (interquartile range 
[IQR] 2.4, 4.9) and were followed for a median of 5.8 years 
[IQR 2.6, 11.3] after diagnosis. Males represented 53.7% of 
the cohort. Transfers of care or second opinions comprised 
55.1% of the cohort. WES was completed on 82.4% of the 
cohort. Sequencing of trios [patient and both parents] was 
completed in 45.8%. Targeted genetic testing was performed 
in 6.0%. Monogenic diagnoses were made in a total of 17 pa-
tients, comprising 7.9% of the total cohort. Of patients with 
infantile-onset disease, 22.0% had monogenic diagnoses, 
compared with 4.6% diagnosed at age 2 to 6 years [Figure 
1A]. Upon further strati"cation of the infantile-onset disease 
group, monogenic disease was found in 42.9% of those diag-
nosed <6 months, 41.7% diagnosed 6 months to <12 months, 
and 4.5% diagnosed 12 to <24 months [Figure 1B].

To address concern around generalisability of these preva-
lence data from a large referral centre, we compared preva-
lence of monogenic disease in the subset of patients who 
received their initial gastroenterology care at BCH with those 
who transferred care or presented for second opinion. We 
identi"ed no difference in monogenic disease prevalence be-
tween these groups [8.2% in those receiving initial care at our 
centre, 7.6% in those who transferred care, p = 0.85], sug-
gesting that referral bias may not have played a signi"cant 
role in our prevalence "ndings.

3.2. Molecular characterization and clinical 
phenotype of patients with monogenic diagnoses
Seventeen patients had monogenic diagnoses identi"ed 
[Figure 1C]. These included: IL10 signaling defects [n = 3]; 
chronic granulomatous disease [n = 2]; immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked [IPEX] syndrome 
[n  =  2]; trichohepatoenteric syndrome [n  =  2]; auto-
in!ammation and phospholipase Cγ2-associated antibody 
de"ciency and immune dysregulation [APLAID] syndrome 
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[n = 1]; chronic enteropathy associated with SLCO2A1 gene 
[n  =  1]; dyskeratosis congenita [n  =  1]; glycogen storage 
disease type 1b [n = 1]; MASP2 de"ciency [n = 1]; Wiskott–
Aldrich syndrome [n  =  1]; X-linked lymphoproliferative 
disease 2 [XLP2] [n = 1]; and X-linked agammaglobulinemia 
[n = 1]. Exome and clinical data for patients with monogenic 
diagnoses are summarised in Tables 2 and 3. An additional 
four patients [1.9%] inherited two heterozygous rare variants 
in established VEOIBD genes but were not classi"ed as having 
monogenic disease, based on lack of parental sequencing to 
con"rm compound heterozygous inheritance. For 15 of the 
17 patients with monogenic disease [88.2%], IBD was a pre-
senting feature. The remaining two had an established mono-
genic diagnosis at time of IBD diagnosis.

Overall, patients with monogenic IBD were younger at 
diagnosis compared with those with non-monogenic IBD 
[mean age 2.0 years versus 3.7 years, p  =  0.001; Table 4]. 
Males comprised 70.6% of the monogenic cohort compared 
with 52.3% of the non-monogenic cohort, but this differ-
ence did not reach signi"cance. There was no difference in 
duration of follow-up for monogenic versus non-monogenic 
sub-groups.

3.3. IBD phenotype at follow-up
Table 4 summarises the comparison of IBD phenotypes in 
monogenic versus non-monogenic disease. Patients with 

monogenic disease overwhelmingly had a CD phenotype at last 
follow-up [94.1%], whereas in patients with non-monogenic 
disease the distribution of phenotype between CD and UC 
was more evenly split. Thirty patients [13.9%] had their IBD 
phenotype re-classi"ed during the study period. Only 11 pa-
tients [5.1%], had a diagnosis of IBD-U at follow-up. Reasons 
for IBD-U diagnosis included atypical upper tract "ndings 
[n = 2], atypical ileal "ndings [n = 3], rectal sparing [n = 1], 
discontinuous colitis [n = 2], non-speci"c small bowel abnor-
mality on imaging [n  =  2], and colitis with growth failure 
[n = 1].

In terms of CD location, patients with monogenic disease 
were more likely to have primarily colonic [L2] disease 
[p  <0.001], whereas ileocolonic [L3] disease was most 
common in the non-monogenic group. Upper tract involve-
ment [L4a or L4b] was common in both groups, but occurred 
with greater frequency in patients with monogenic disease 
[p  =  0.001]. Four patients with non-monogenic IBD did 
not "t standard Paris classi"cation criteria35; three patients 
[1.4%] had isolated perianal CD and one patient [0.5%] had 
histologically con"rmed orofacial CD without intestinal in-
volvement. Stricturing disease and penetrating disease were 
both signi"cantly more common in the monogenic disease 

Table 1. Cohort demographics [n = 216].

Age at diagnosis, years  

  Mean ± SD 3.53 ± 1.58

  Median [range] 3.78[0.17, 5.98]

  25th, 75th percentile 2.37, 4.87

VEOIBD classi"cation by age at diagnosis

  Infantile [<2 years] 41 [19.0%]

  2 to 6 years 175 [81.0%]

Male sex 116 [53.7%]

Race

  White 142 [65.7%]

  Unknown/not reported 40 [18.5%]

  Other 22 [10.2%]

  Black or African American 6 [2.8%]

  Asian 5[2.3%]

  American Indian or Alaska Native 1[0.5%]

Transfer of care or second opinion 119 [55.1%]

Duration of follow-up, years

  Mean +/- SD 7.24 ± 5.24

  Median [range] 5.83 [1.02, 21.72]

  25th, 75th percentile 2.59, 11.31

Year of diagnosis

  Prior to Jan 1, 2012 101 [46.8%]

  Jan 1, 2012 or later 115 [53.2%]

Genetic testing

  Whole exome sequencing 178 [82.4%]

  Whole exome sequencing, trio 99 [45.8%]

  Targeted genetic testing 13 [6.0%]

SD, standard deviation; VEOIBD, very early onset in!ammatory bowel 
disease.
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Figure 1. Distribution of monogenic VEOIBD by age of diagnosis 
and monogenic aetiology identified. [A] Proportion of patients with 
monogenic VEOIBD by age at diagnosis. Monogenic VEOIBD was 
identified in 22.0% of patients with infantile-onset IBD compared with 
4.6% of patients with IBD diagnosed at age 2 to <6 years. [B] Further 
stratification of infantile-onset disease group identified monogenic 
VEOIBD in 42.9% of patients diagnosed at <6 months, 41.7% diagnosed 
from 6 months to <12 months, and 4.5% diagnosed from 12 to <24 
months. [C] Distribution of the 17 cases of monogenic VEOIBD identified 
in this cohort. IL10 signaling defects were most common, followed by 
chronic granulomatous disease, IPEX syndrome, and trichohepatoenteric 
syndrome. VEOIBD, very early onset inflammatory bowel disease.
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group [p = 0.04 and p = 0.01, respectively]. There was a trend 
toward perianal disease being more common in the mono-
genic disease group [p = 0.07]. The majority of patients with 
non-monogenic CD had non-stricturing, non-penetrating 
disease [79.3%].

The majority of UC/IBD-U patients in the cohort had 
pancolitis [E4], consistent with prior literature.36,37 A subset 
[9.3%] had left-sided disease only [E1 or E2]. For four pa-
tients [3.7%], Paris disease location could not be assigned due 
to incomplete ileocolonoscopy at diagnosis. Nearly half of the 
UC/IBD-U sub-group had never-severe [S0] disease, whereas 
40.2% had ever-severe [S1] disease, de"ned as Paediatric 
Ulcerative Colitis Activity Index [PUCAI]  ≥  65. There was 
no signi"cant difference in duration of follow-up in patients 
with S0 compared with S1 disease [mean follow-up 6.8 years 
versus 7.3 years, p = 0.65]. Notably, there was only one pa-
tient with monogenic disease in the UC group and he had 
extensive [E3], never-severe disease.

3.4. Extraintestinal manifestations
Over half of patients with monogenic disease had at least one 
extraintestinal manifestation [EIM] compared with 27.6% 
of patients with non-monogenic disease [p = 0.04; Table 4]. 
A subset of patients in both monogenic and non-monogenic 
groups had two or more EIMs, and this feature was again 
more prevalent in the monogenic disease group [p  =  0.01; 
Table 4]. Of EIMs observed in this cohort, fever, pyoderma 
gangrenosum, and thrombotic complications were more 
common in the monogenic disease group, though after con-
trolling for parenteral nutrition use, the difference in throm-
botic complications resolved. Primary sclerosing cholangitis 

[PSC], which affected a total of seven subjects, was found ex-
clusively in the non-monogenic group. Orofacial and vulvar 
Crohn’s disease were also found exclusively in the non-
monogenic group.

3.5. Comorbidities
At least one non-IBD autoimmune/autoin!ammatory diag-
nosis was observed in 11.8% of the monogenic disease group 
and 14.6% of the non-monogenic disease group. Two or more 
non-IBD autoimmune/autoin!ammatory diagnoses were ob-
served in 3.5% of the non-monogenic disease group [Table 
4]. Comorbid autoimmune/autoin!ammatory diagnoses ob-
served included psoriasis [n = 14], primary sclerosing chol-
angitis [n = 7], autoimmune hepatitis [n = 3], coeliac disease 
[n = 3], chronic regional multifocal osteomyelitis [n = 2], ju-
venile rheumatoid arthritis or spondyloarthropathy [n = 2], 
autoimmune dysautonomia [n  =  1], drug-induced lupus 
[n  =  1], psoriatic arthritis [n  =  1], hidradenitis suppurativa 
[n  =  1], idiopathic thrombocytopenic purpura [n  =  1], IgA 
vasculitis [n = 1], periodic fever syndrome [n = 1], and peri-
carditis [n = 1]; see Supplementary Table 2.

A genetic disorder not causally linked to IBD was ob-
served in 10 patients with non-monogenic IBD and zero 
patients with monogenic IBD [Table 4]. These disorders in-
cluded choroideremia, retinitis pigmentosa, Ep-GRIN1-
associated neurodevelopmental syndrome, epidermolysis 
bullosa, glucose-6-phosphate dehydrogenase [G6PD] de"-
ciency, hereditary spherocytosis, thalassaemia, trisomy 9, 
Turner syndrome, Williams syndrome, and velocardiofacial 
[DiGeorge] syndrome [see Supplementary Table 2]. 
Epidermolysis bullosa has previously been described in 
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Figure 1. Continued
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Table 4. IBD phenotype in monogenic versus non-monogenic disease [n = 216].

 Monogenic [n = 17] Non-monogenic [n = 199] p-value 

Age at diagnosis in years, mean 1.97 3.66 0.001

Duration of follow-up in years, mean 5.31 7.40 0.09

Male sex 12 [70.6%] 104 [52.3%] 0.15

Infantile onset 9 [52.9%] 32 [16.1%] 0.001

IBD phenotype <0.001

  Crohn’s disease [CD] 16 [94.1%] 92 [46.2%]

  Ulcerative colitis [UC] 1 [5.9%] 96 [48.2%]

  IBD-unclassi"ed [IBD-U] 0 [0.0%] 11 [5.5%]

IBD re-classi"ed during study period 1 [5.9%] 29 [14.6%] 0.48

CD, location

  L1: terminal ileal ± limited cecal disease 0 [0.0%] 3 [3.3%] 1.00

  L2: colonic 11 [68.8%] 35 [38.0%] <0.001

  L3: ileocolonic 5 [31.3%] 47 [51.1%] 0.56

  L4a: upper disease proximal to ligament of Treitz 10 [62.5%] 35 [38.0%] <0.001

  L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum 1 [6.3%] 7 [7.6%] 0.49

Isolated upper tract disease [L4a/b only] 0 [0.0%] 3 [3.3%] 1.00

Isolated perianal disease 0 [0.0%] 3 [3.3%] 1.00

CD, behaviour

  B1: non-stricturing, non-penetrating 9 [56.3%] 73 [79.3%] 0.18

  B2: stricturing 3 [18.8%] 11 [12.0%] 0.09

  B3: penetrating 3 [18.8%] 4 [4.3%] 0.01

  B2B3: stricturing and penetrating 1 [6.3%] 3 [3.3%] 0.28

  Perianal disease modi"er 5 [31.3%] 25 [27.2%] 0.07

  Stricturing, any 4 [25.0%] 14 [15.2%] 0.04

  Penetrating, any 4 [25.0%] 7 [7.6%] 0.01

UC/IBD-U, location 0.24

  E1: ulcerative proctitis 0 [0.0%] 1 [0.9%]

  E2: left-sided UC 0 [0.0%] 9 [8.4%]

  E3: extensive UC 1 [100%] 11 [10.3%]

  E4: pancolitis 0 [0.0%] 82 [76.6%]

  Unknown 0 [0.0%] 4 [3.7%]

UC/IBD-U, severity 1.00

  S0: never-severe 1 [100%] 49 [45.8%]

  S1: ever-severe 0 [0.0%] 43 [40.2%]

  Unknown 0 [0.0%] 15 [14.0%]

Extraintestinal manifestations

  ≥1 EIM 9 [52.9%] 55 [27.6%] 0.04

  ≥2 EIM 5 [29.4%] 13 [6.5%] 0.01

  Arthropathy 3 [17.6%] 26 [13.1%] 0.71

  Enthesitis 0 [0.0%] 1 [0.5%] 1.00

  Episcleritis 1 [5.9%] 0 [0.0%] 0.08

  Erythema nodosum 1 [5.9%] 4 [2.0%] 0.34

  Fever 4 [23.5%] 5 [2.5%] 0.003

  Folliculitis 1 [5.9%] 1 [0.5%] 0.15

  Hepatic granuloma 0 [0.0%] 1 [0.5%] 1.00

  Oral aphthous ulcers 2 [11.8%] 11 [5.5%] 0.27

  Orofacial Crohn’s 0 [0.0%] 2 [1.0%] 1.00

  Primary sclerosing cholangitis 0 [0.0%] 7 [3.5%] 1.00

  Pyoderma gangrenosum 2 [11.8%] 1 [0.5%] 0.02

  Thrombotic complication 4 [23.5%] 5 [2.5%] 0.003

  Uveitis 0 [0.0%] 1 [0.5%] 1.00

  Vulvar/vaginal Crohn’s 0 [0.0%] 4 [2.0%] 1.00
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association with monogenic VEOIBD6,9,38; however, the epi-
dermolysis bullosa patient in this cohort did not harbour rare 
or established causative variants in any gene with known 
associated VEOIBD and epidermolysis bullosa phenotype, 
including FERMT1 and COL7A1. To our knowledge, the 
other genetic disorders have not been described in association 
with monogenic VEOIBD.

Allergic/atopic, dermatological, neurological, neuro-
psychiatric, and renal comorbidities were observed at 
similar rates in monogenic and non-monogenic disease 
groups. Endocrine, haematological, infectious, immuno-
logical, and pulmonary comorbidities were more common in 
the monogenic group. In terms of endocrine comorbidities, 
osteopenia/osteoporosis were diagnosed at similar rates in 
the monogenic group compared with the non-monogenic 
group [p  =  0.13]. However, vertebral compression frac-
tures were signi"cantly more common in the monogenic 
IBD group [11.8% compared with 0.5%, p  =  0.01]; see 
Supplementary Table 2.

In terms of infectious comorbidities, atypical or opportun-
istic infections were signi"cantly more common in patients 
with monogenic compared with non-monogenic disease 
[p < 0.001]; see Supplementary Table 2. Infections observed 
in monogenic disease are listed in Table 3. Atypical or op-
portunistic infections seen in non-monogenic disease included 
cavitary pneumonia secondary to legionnaire’s disease, toxic 
shock syndrome, pyomyositis, severe rotavirus infection with 
6-week hospitalisation, severe or recurrent sepsis in some cases 
complicated by acute respiratory distress syndrome [ARDS], 
severe herpes simplex virus [HSV] infection, nocardiosis, and 
refractory warts.

Hypogammaglobulinaemia was observed more frequently 
in monogenic [17.6%] compared with non-monogenic 
[0.5%] cases, whereas isolated IgA de"ciency occurred only 
in non-monogenic disease [1.5%]; see Supplementary Table 2. 
Two patients in the non-monogenic group were heart trans-
plant recipients; one was transplanted for complex congenital 
heart disease prior to diagnosis of VEOIBD and the other 
had established VEOIBD at time of transplant. Differences 
in haematological and pulmonary comorbidities were driven 
by cytopenias and in!ammatory pulmonary processes, re-
spectively, which occurred more commonly in the monogenic 
group.

3.6. Family history
The majority of patients with both monogenic and non-
monogenic disease had no known family history of IBD, other 
autoimmune disease, or immunode"ciency in a "rst-degree 
relative. Positive family history of IBD in a "rst-degree relative 

was reported in 5.9% of patients with monogenic disease 
compared with 15.6% in non-monogenic disease [p = 0.48].

3.7. Anthropometric parameters at diagnosis
Complete anthropometric data from time of IBD diagnosis 
were available for 148 patients in this cohort [68.5%]. Mean 
weight-for-age z-score at diagnosis was lower in monogenic 
disease compared with in non-monogenic disease [-2.04 com-
pared with -0.28, p = 0.04]. Four patients with monogenic 
VEOIBD [23.5%] and nine patients with non-monogenic 
VEOIBD [4.5%] were underweight or severely underweight 
[weight-for-age z-score < -2.0] at diagnosis [p = 0.01]. Mean 
length- or height-for-age z-score was -1.83 in monogenic 
disease compared with -0.21 in non-monogenic [p = 0.09]. 
Three patients with monogenic VEOIBD [17.6%] and eight 
patients with non-monogenic VEOIBD [4.0%] were stunted 
or severely stunted [length/height-for-age z-score  <  -2.0] at 
diagnosis [p = 0.04]. Mean weight-for-length or BMI z-score 
was -0.87 in monogenic disease and -0.20 in non-monogenic 
[p = 0.20]. Two patients with monogenic VEOIBD [11.8%] 
and nine patients with non-monogenic VEOIBD [4.5%] 
were wasted or severely wasted [weight-for-length/BMI 
z-score < -2.0] at diagnosis [p = 0.21]. Notably, seven patients 
with non-monogenic VEOIBD [3.5%] were overweight or 
obese [weight-for-length/BMI z-score > 2.0] at diagnosis.

3.8. Outcomes stratified by monogenic disease
Table 5 summarises outcomes in monogenic versus non-
monogenic disease.

3.8.1. Hospitalisation
There were high rates of hospitalisation in both monogenic 
and non-monogenic groups, but intensive care unit [ICU] 
hospitalisation was signi"cantly more common in monogenic 
disease [52.9% compared with 6.5%, p < 0.001].

3.8.2. Medication exposure and failure
Exposure to 5-ASAs was more common in the non-monogenic 
group, perhaps related to higher proportion of UC/IBD-U 
diagnoses in this group. Rates of 5-ASA failure were similar 
in those with monogenic and non-monogenic disease who 
were 5-ASA exposed. There was a higher rate of anti-TNF 
exposure in non-monogenic IBD, though rates of anti-TNF 
failure were similar between groups.

3.8.3. Surgery
Intestinal surgery was performed at similar rates in mono-
genic versus non-monogenic disease groups [23.5% versus 
18.6%, p = 0.62].

 Monogenic [n = 17] Non-monogenic [n = 199] p-value 

Comorbidities

  Non-IBD autoimmune/autoin!ammatory disease 2 [11.8%] 29 [14.6%] 1.00

  ≥2 non-IBD autoimmune/autoin!ammatory disease 0 [0.0%] 7 [3.5%] 1.00

  Non-IBD genetic disorder 0 [0.0%] 10 [5.0%] 1.00

Family history in 1st deg relative 4 [23.5%] 50 [25.1%] 1.00

  IBD 1 [5.9%] 31 [15.6%] 0.48

  Other autoimmune disease 3 [17.6%] 20 [10.1%] 0.40

  Immunode"ciency 0 [0.0%] 1 [0.5%] 1.00

Table 4. Continued
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3.8.4. Nutritional and anthropometric outcomes
G-tubes and total parenteral nutrition [TPN] were both 
used more commonly in patients with monogenic disease 
[p < 0.001]. There were nine patients with monogenic disease 
and 146 patients with non-monogenic disease for whom 
anthropometric follow-up data at least 3 years after diag-
nosis were available. Stunting/severe stunting, de"ned as 
height-for-age z-score less than -2.0, was more common at 
3-year follow-up in monogenic disease compared with non-
monogenic disease [p = 0.01]. However, underweight/severely 
underweight [weight-for-age z-score <  -2.0] and wasting/se-
vere wasting [BMI z-score <-2.0] at 3-year follow up occurred 
at similar rates in both groups.

3.8.5. Haematopoietic stem cell transplant [HSCT] 
and death
Both HSCT and death occurred exclusively in the monogenic 
disease group, at rates of 41.2% and 11.8%, respectively. 
HSCT was performed at median age 2.7 years [IQR 1.8, 2.9; 
the youngest patient was 1.1 years at time of transplant and 
the oldest was 10.0 years]. Median time from IBD diagnosis 
to HSCT was 1.4 years [IQR 0.7, 1.8]. Two patients in this 
cohort died at mean age 2.9 years. No patients in this cohort 
had a malignancy or an intestinal transplant.

3.9. Outcomes stratified by infantile-onset disease
Overall, 22.0% of patients with infantile-onset disease had a 
monogenic diagnosis, compared with 4.6% of non-infantile 
onset [p  =  0.001]. After controlling for monogenic disease 
status, infantile-onset disease was independently associated 
with increased odds of hospitalisation [OR 4.14, p = 0.01] 
and increased odds of G-tube use [OR 3.39, p = 0.03]. After 
adjusting for monogenic disease, there was no difference in 
rates of ICU hospitalisation, TPN use, surgery, 5-ASA ex-
posure, 5-ASA failure, anti-TNF exposure, anti-TNF failure, 
underweight, stunting, or wasting at 3-year follow-up, HSCT, 

or death in the infantile-onset group compared with the 
group diagnosed at age 2–6 [Table 6]. These data suggests 
that monogenic disease status, as opposed to age of disease 
onset, is the more important driver of some severe outcomes 
in VEOIBD.

4. Discussion
We present the "rst comparison of phenotypes and out-
comes in monogenic versus non-monogenic VEOIBD, using 
a large single-centre VEOIBD cohort with universal access 
to WES. Monogenic VEOIBD was found in 7.9% of our 
cohort, with rates of monogenic VEOIBD in those diag-
nosed at less than 12 months of age exceeding 40%. Prior 
literature has reported prevalence of monogenic disease in 
VEOIBD ranging from <1% to over 30%.13,21,24,36,39–47 It is 
challenging to extrapolate from these reports, which used 
different sequencing methodologies, assessed different genes, 
and were affected by selection bias, in some cases selecting 
only patients with infantile-onset disease or more severe fea-
tures for genetic testing. Geographical differences can also 
have signi"cant impact on monogenic VEOIBD distribu-
tion. For example, IL10 signaling defects are signi"cantly 
more common in East Asia and therefore are more highly 
represented in these study populations.18,47 Consanguinity 
can also affect monogenic IBD prevalence, with consan-
guinity reported in 20–30% of patients, comprising two co-
horts with prevalence of monogenic IBD over 30%.21,41 Our 
"nding of monogenic diagnoses in 7.9% of our VEOIBD 
cohort is quite consistent with a similar Canadian cohort 
study by Crowley et al., which performed WES on a large 
unselected paediatric IBD cohort and made monogenic diag-
noses in 7.8% of the ~140 children diagnosed at age less 
than 6 years.39

Caution should be used in applying the prevalence of 
monogenic IBD in our non-population based cohort to 
the greater VEOIBD population. With half of our cohort 

Table 5. Outcomes by monogenic versus non-monogenic disease.

 Monogenic [n = 17] Non-monogenic [n = 199] OR [95% CI] p-value 

H=Hospitalisation 15 [88.2%] 139 [69.8%] 3.24 [0.88, 20.95] 0.12

ICU hospitalisation 9 [52.9%] 13 [6.5%] 14.54 [4.56, 49.98] <0.001

G-tubea 7 [41.2%] 11 [5.5%] 11.96 [3.74, 37.82] <0.001

TPN in hospital 8 [47.1%] 23 [11.6%] 6.80 [2.35, 19.58] <0.001

TPN at home 2 [11.8%] 2 [1.0%] 13.13 [1.49, 115.98] 0.01

Surgery 4 [23.5%] 37 [18.6%] 1.35 [0.36, 4.06] 0.62

5-ASA exposure 8 [47.1%] 164 [82.4%] 0.19 [0.07, 0.53] 0.001

5-ASA failure 5 [62.5%] 111 [67.7%] 0.92 [0.19, 6.62] 0.93

Anti-TNF exposure 5 [29.4%] 111 [55.8%] 0.33 [0.10, 0.93] 0.04

Anti-TNF failure 3 [60.0%] 56 [50.5%] 2.57 [0.32, 52.92] 0.42

Weight z-score <-2 at 3-year follow-up 2/9 [22.2%] 9/146 [6.2%] 3.00 [0.43,13.13] 0.19

Height z-score <-2 at 3-year follow-up 4/9 [44.4%] 12/146[8.2%] 5.17 [1.30, 17.60] 0.01

BMI z-score <-2 at 3-year follow-up 0/9 [0.0%] 3/146 [2.1%] n.e. 1.00

HSCT 7 [41.2%] 0 [0.0%] n.e. <0.001

Death 2 [11.8%] 0 [0.0%] n.e. 0.006

n.e. = not estimable.
aIncludes one patient with monogenic disease who had gastrojejunal [GJ] tube.
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comprising transfers of care or second opinions, potential for 
referral bias skewing toward overestimation of monogenic 
disease prevalence exists, though we have shown similar rates 
of monogenic disease diagnosis in the transfer of care group 
compared with those who received their initial care at BCH. 
We additionally classi"ed two patients whose rare variants in 
VEOIBD genes were variants of unknown signi"cance [VUS] 
as per ACMG criteria as having monogenic disease [Table 2], 
which also creates potential for overestimation of monogenic 
disease prevalence. However, although ACMG standards pro-
vide valuable guidance for interpretation of sequence variants, 
they do have important limitations relevant to how we con-
sidered these VUS in our analysis. ACMG standards tend to 
yield conservative estimates of pathogenicity, with stringent 
application of these criteria in some cases leading to false-
negative results.48,49 This is particularly true when it comes to 
interpretation of missense variants and variants inherited in 
compound heterozygous fashion. By ACMG criteria, missense 
variants are weighted less heavily than nonsense variants, and 
the burden of proof with additional functional, segregation, 
population, or computational data is signi"cantly greater—
and in some cases not available.29 ACMG standards addition-
ally use MAF threshold of <1% to de"ne rare variants for all 
modes of inheritance, whereas we applied a threshold of <5% 
for compound heterozygous inheritance; our approach is sup-
ported by literature which highlights that traditional MAF "l-
tering criteria of <1% may be overly stringent for application 
to compound heterozygous variants.50,51 Moreover, there is a 
great deal of discretion in the application and interpretation 
of ACMG criteria to sequence variants, with interlaboratory 
variability reported.49 Finally, discrepancy exists among 
ACMG and other systems of variant classi"cation—for ex-
ample, some variants classi"ed as VUS in our cohort [Table 2] 
are classi"ed as ‘likely pathogenic’ by ClinVar.52

Whereas the above provides rationale around how our 
work may overestimate monogenic disease, an alternative 

hypothesis is that our "nding of monogenic diagnoses in 7.9% 
underestimates the true prevalence of monogenic disease in 
VEOIBD. First, despite universal availability of WES to pa-
tients in our cohort, only 82.4% completed sequencing and 
6.0% completed targeted genetic testing. Second, novel gen-
etic causes of VEOIBD are rapidly being discovered, resulting 
in an ever-changing landscape of monogenic IBD. This is high-
lighted by two high-pro"le reviews of monogenic VEOIBD 
spanning 7 years: in 2014, 50 VEOIBD genes were reported,6 
whereas by 2021 there was consensus on 75 VEOIBD genes.8 
For purposes of this study, disease was classi"ed as mono-
genic only if rare variants were identi"ed in established 
VEOIBD genes. We anticipate that as the list of functionally 
validated VEOIBD genes continues to grow, so too will the 
prevalence of monogenic IBD. Third, we did not classify four 
patients who were compound heterozygous for rare variants 
in established VEOIBD genes as having monogenic disease, 
given lack of parental sequencing data necessary for com-
plete interpretation. Availability of sequencing data on trios 
in 45.8% of our cohort was a strength overall, but improve-
ment in diagnostic rates of up to 16% has been reported with 
sequencing the proband concurrently with both biological 
parents, and we expect that expanding trio testing would 
have increased diagnostic yield.53 Finally, one patient in our 
cohort who was ultimately diagnosed with monogenic IBD 
secondary to Wiskott–Aldrich syndrome was not identi"ed by 
initial sequencing. Due to high clinical suspicion, inconclusive 
sequencing was followed up with Wiskott–Aldrich syndrome 
protein [WASP protein] levels and targeted comparative gen-
omic hybridisation testing of the gene of interest, ultimately 
revealing absent WASP protein levels and a large deletion 
in the gene of interest. Inadequate coverage for detection of 
large deletions or large copy number variations is a well de-
scribed shortcoming of WES, and in these cases targeted gene 
panels can be higher yield.40–42,53 Our experience highlights 
the expanding role of monogenic disease in VEOIBD as well 

Table 6. Outcomes by infantile versus non-infantile onset disease, adjusted for monogenic disease.

 Infantile [n = 41] Non-infantile [n = 175] OR unadjusted OR adjusteda p-value [adjusted]b 

Monogenic 9 [22.0%] 8 [4.6%] 4.60 [1.67, 12.92] -- 0.001*

Hospitalisation 37 [90.2%] 117 [66.9%] 4.59 [1.73, 15.85] 4.14 [1.54, 14.45] 0.01

ICU hospitalisation 9 [22.0%] 13 [7.4%] 2.57 [0.97, 6.60] 1.40 [0.42, 4.12] 0.56

G-tube 9 [22.0%] 9 [5.1%] 5.19 [1.89, 14.30] 3.39 [1.10, 10.07] 0.03

TPN in hospital 11 [26.8%] 20 [11.4%] 2.84 [1.21, 6.47] 2.05 [0.80, 4.93] 0.12

TPN at home 1 [2.4%] 3 [1.7%] 1.43 [0.07, 11.53] 0.56 [0.02, 5.69] 0.65

Surgery 8 [19.5%] 33 [18.9%] 1.04 [0.42, 2.38] 0.99 [0.38, 2.32] 0.98

ASA exposure 30 [73.2%] 142 [81.1%] 0.63 [0.29, 1.44] 0.89 [0.39, 2.21] 0.78

ASA failure 18 [43.9%] 98 [56.0%] 0.80 [0.33, 2.11] 0.80 [0.33, 2.13] 0.65

Anti-TNF exposure 21 [51.2%] 95 [54.3%] 0.88 [0.45, 1.75] 1.07 [0.52, 2.22] 0.85

Anti-TNF failure 13 [31.7%] 46 [26.3%] 1.70 [0.63, 4.89] 1.56 [0.56, 4.64] 0.41

Weight z-score <-2 at 3-year follow-up 3/19 [15.8%] 8/136 [5.9%] 1.68 [0.36, 6.13] 1.32 [0.25, 5.29] 0.71

Height z-score <-2 at 3-year follow-up 4/19 [21.1%] 12/136 [8.8%] 1.50 [0.40, 4.59] 0.94 [0.22, 3.25] 0.93

BMI z-score <-2 at 3-year follow-up 0/19 [0.0%] 3/136 [2.2%] n.e. n.e. 1.00

HSCT 5 [12.2%] 2 [1.1%] 12.01 [2.48, 86.22] n.e. 0.21

Death 2 [4.9%] 0 [0.0%] n.e. n.e. 1.00

n.e. = not estimable.
aAdjusted with monogenic disease status as covariate.
bp-value corresponds to adjusted OR.
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as the nuance of WES interpretation and the value of a multi-
disciplinary team, including clinicians and bioinformaticians, 
in analysing and interpreting WES data.

The majority of monogenic VEOIBD patients in our cohort 
exhibited a complicated Crohn’s-like phenotype, character-
ised by higher rates of stricturing and penetrating disease and 
EIMs, compared with non-monogenic VEOIBD. Prior litera-
ture around monogenic VEOIBD phenotype has had mixed 
"ndings. Two smaller cohorts of monogenic VEOIBD found 
relatively high rates of CD, ranging from 67% to 72%, though 
still lower than 94% in our cohort.43,45 In contrast, Crowley, 
et al. reported that nine out of 11 patients with monogenic 
VEOIBD had UC/IBD-U phenotype.39 This is similar to a re-
port on an infantile-onset cohort in which monogenic disease 
was overwhelmingly characterised as IBD-U [14/19 cases].21 It 
is possible that these differences in monogenic IBD phenotype 
among cohorts may be related to differences in genetic defects 
identi"ed or duration of follow-up. In terms of disease loca-
tion, whereas it has previously been reported that VEO-CD is 
more likely to present with isolated colonic disease,11,37,54 this 
work offers the additional distinction that colonic [L2] CD is 
more common in monogenic CD speci"cally. Finally, to our 
knowledge, this is the "rst report of higher rates of stricturing 
and penetrating disease in monogenic VEOIBD compared 
with non-monogenic VEOIBD.

Notably, our cohort only had one patient with monogenic 
VEO-UC, characterised by extensive [E3], never-severe [S0] 
disease in remission on sulphasalazine. This example high-
lights that, although complicated CD was the most common 
phenotype observed in monogenic VEOIBD, even monogenic 
VEOIBD is clinically heterogeneous and can present with 
mild disease.

To our knowledge, this is the "rst report of outcomes in 
monogenic versus non-monogenic VEOIBD, with several se-
vere outcomes, including ICU hospitalisation, gastrostomy 
tube use, TPN use, stunting at follow-up, HSCT, and death all 
signi"cantly more common in monogenic disease. Our ana-
lysis did not detect signi"cant differences in 5-ASA or anti-
TNF failure or surgery in monogenic versus non-monogenic 
disease. Previous work has highlighted infantile-onset disease 
as a risk factor for severe disease.20,21 It is well known that 
infantile-onset disease is a risk factor for monogenic disease, 
and interestingly we found that after controlling for mono-
genic disease, patients with infantile-onset disease had com-
parable risk of most severity outcomes compared with those 
diagnosed at age 2 to 6 years. This supports the hypothesis 
that monogenic disease, as opposed to age at diagnosis, is 
the more important driver of disease severity and severe out-
comes in VEOIBD. Furthermore, although the narrative has 
traditionally been that VEOIBD patients have more severe 
disease, it is important to recognise that there are meaningful 
subsets of VEOIBD patients with mild disease course. For ex-
ample within non-monogenic VEO-UC, remarkably, nearly 
half of our cohort had never-severe [S0] disease over a mean 
follow-up period of 6.8 years. Other features suggestive of 
mild disease course highlighted in this work include subsets 
of patients with no hospitalisations, no surgical intervention, 
normal growth parameters, and 5-ASA non-failure. This adds 
nuance to prior literature which has focused on severe pheno-
types and outcomes in VEOIBD.

It is critical to highlight that, whereas this work identi-
"es several phenotypic features and outcomes which were 
more common in the monogenic disease group, monogenic 

VEOIBD itself is quite heterogeneous. Once monogenic 
disease is identi"ed, management and prognostication should 
be based on current knowledge of the unique genetic defect. 
The value of grouping monogenic patients together in this 
study was 2-fold. First, it offers additional data around fea-
tures potentially suggestive of monogenic disease, which are 
valuable as guidelines around how genetic testing should be 
prioritised in continuing to evolve. A recent position paper 
from the European Society of Paediatric Gastroenterology, 
Hepatology, and Nutrition [ESPGHAN] has recommended 
genetic screening for all patients with infantile-onset IBD 
and consideration of genetic screening in VEOIBD patients, 
especially if relevant comorbidity, EIMs, or positive family 
history are present.8 Our results strongly support the recom-
mendation for genetic testing in patients with infantile-onset 
IBD, with particularly strong evidence for testing in those 
diagnosed at less than 12 months of age, where monogenic 
disease prevalence was over 40%. Our results also support 
the recommendation for genetic testing in those with EIMs 
and relevant comorbidities, including but not limited to 
cytopenias, hypogammaglobulinaemia, atypical or unusual 
infections, and in!ammatory pulmonary conditions. Based 
on our "ndings, we would add that patients with VEOIBD 
and complicated Crohn’s disease phenotype [e.g. stricturing, 
penetrating, or perianal disease], or with anthropometric 
parameters consistent with moderate-to-severe underweight 
or stunting, should also be considered for genetic testing. 
Finally, it is worth noting that for 15/17 patients in our 
monogenic disease group, IBD was an initial presenting fea-
ture of their monogenic disease. It is therefore important to 
recognise that features suggestive of a monogenic disorder 
may evolve over time, and consideration of genetic testing 
should be ongoing, extending beyond the initial visit fol-
lowing IBD diagnosis.

The second advantage of grouping patients into heteroge-
neous groups of monogenic and non-monogenic VEOIBD is 
to add nuance to existing VEOIBD natural history literature 
which highlights severe phenotypes and outcomes. These re-
ports group VEOIBD—itself a heterogeneous population—
as a single entity in their analyses.13,36 Other reports that 
stratify VEOIBD tend to do so by infantile-onset disease.21,37 
These approaches may serve to reinforce the notion that 
earlier onset of disease correlates to more severe disease or 
worse outcomes. Here we offer an alternative approach to 
stratifying VEOIBD, which we hope will aid in de"ning a 
wide spectrum of outcomes which may not be as dependent 
on age of diagnosis as initially presumed. Additional studies, 
including a paediatric-onset IBD [6 to 18 years] comparison 
group, are needed to more clearly delineate the effect of age 
at diagnosis on outcomes after controlling for monogenic 
disease status.

As access to genetic testing expands and patients with 
VEOIBD are increasingly able to be categorised as having 
monogenic versus non-monogenic disease, the value of classi-
fying patients as having ‘VEOIBD’ is also evolving. The clas-
si"cation of VEOIBD offers bene"t in that it may heighten 
provider awareness to risk of monogenic disease and offers 
a concrete parameter for use in guidelines to support genetic 
testing. However, it is critical for the clinician to recognise 
that not all patients with VEOIBD have monogenic disease—
our current understanding is that the vast majority do not—
and many patients with VEOIBD actually behave like ‘typical’ 
IBD. It is additionally essential for the clinician to recognise 
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that monogenic IBD can present after age 6,6 so consideration 
of monogenic disease should not be limited to VEOIBD.

Overall, we found a rate of monogenic VEOIBD of 7.9% in 
a large single-centre cohort of patients with universal access 
to WES. Identi"cation of monogenic disease allows for im-
portant prognostication of outcomes and, in some cases, pre-
cision medicine approaches, with curative HSCT performed 
in 41.2% of this monogenic disease cohort. Our "ndings re-
inforce the emerging recommendation that WES be standard-
of-care in infantile-onset IBD and strongly considered in 
VEOIBD, as it permits optimal prognostication of disease 
course and advancement of tailored therapeutic approaches. 
Non-monogenic disease in our cohort was heterogeneous in 
phenotype, with disease ranging from mild to severe. Our 
work has additionally revealed subsets of VEOIBD patients 
with disease currently classi"ed as non-monogenic but with 
phenotypic features [e.g., infantile-onset, complicated disease, 
with multiple EIMs] overlapping with certain monogenic 
disease groups. These patients will serve as the foundation for 
future translational work aimed at discovery of novel genetic 
causes of disease.
 Rare variants identi"ed in monogenic VEOIBD patients are 
available in the article and in its online Supplementary ma-
terial. Raw whole exome sequencing data will be shared on 
reasonable request to the corresponding author.
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