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Review

Inflammatory bowel disease and
the lung in paediatric patients
The prevalence of inflammatory bowel disease (IBD) has increased over the past 20 years. Pulmonary
involvement in paediatric IBD is rare but may be missed since the spectrum of symptoms is broad
and mimics other diseases. The most important differential diagnoses of pulmonary manifestations
of IBD are infections and therapy-related side-effects. There is no gold standard to diagnose
respiratory manifestations in children with IBD. Diagnostic tests should be chosen according to
history and clinical presentation. Treatment of respiratory manifestations of IBD includes inhaled
or oral corticosteroids and initiation or step-up of immunomodulatory IBD therapies.

An estimated 7 million people worldwide suffer
from inflammatory bowel diseases (IBD) [1].
Over the past two decades, the age-standardised
prevalence of IBD has significantly increased to
more than 200 cases per 100 000 population in
high-income societies [1]; this increase affected
both adults and children [2]. ∼20% of patients
affected by IBD are children [3]. 7–10 out of
100 000 children in Western societies develop IBD
in any given year [4, 5]. IBD is an umbrella term and
includes Crohn’s disease (CD) and ulcerative colitis
(UC). Both types affect children usually older than
6 years of age [3]. Special attention should be paid
to linear growth impairment, malnutrition, delayed
puberty, bone mass density and mental health in
children with IBD [6].
21–41% of patients with IBD present with
an extraintestinal manifestation at least once in
their lifetime [7]. Knowledge about pulmonary
involvement in paediatric IBD is scarce and its
exact prevalence is unknown [8]. In adults, the
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prevalence of respiratory involvement in IBD
patients is estimated at 40%. The majority of
findings are nearly or completely asymptomatic
and of uncertain significance for the long-term
course [9]. The spectrum of symptoms is broad
and may mimic other diseases. The differentiation
between primary pulmonary manifestations and
pulmonary side-effects attributable to the therapy
for IBD can be challenging [10].

Respiratory manifestations
of IBD
Every part of the respiratory system including
upper and lower airways, lung parenchyma, and
the pleura can be affected by IBD [11]. In adults,
respiratory manifestations most commonly present
with bronchiectasis and chronic bronchitis in ∼20%
of IBD patients. Interstitial lung disease, organising
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pneumonia and peripheral nodules are less
common respiratory manifestations of IBD [11, 12].
Interstitial lung disease seems to be the most
common respiratory manifestation of IBD in
children according to the published literature [13].
In our own limited experience, IBD seems to affect
the upper and lower airways at least as often
than the lung parenchyma. Current knowledge
of respiratory manifestations of IBD in children
originates from single case reports and case series.
Large epidemiological or clinical studies are missing.
The prevalence of respiratory manifestations is in the
range of 3–10% according to data from computed
tomography (CT) or questionnaires in children
with IBD [14, 15]. Respiratory symptoms and lung
disease may precede the classical gastrointestinal
presentation of IBD in both children [13] and
adults [11, 16]. Early recognition and correct
diagnosis of respiratory manifestations of IBD
are important because they are often strikingly
responsive to corticosteroid treatment [17].

Airway involvement
Upper airway involvement may present as atypical
croup with cough, hoarseness, stridor and even
severe upper airway obstruction. Endoscopy may
show erythema and small, patch-like (sub)-mucosal
granulations in the large airways. Biopsy may confirm
granulomatous disease. Chest CT can detect nodular
thickening of the tracheobronchial wall. Upper airway
obstruction can be so severe and life-threatening that
it may require intubation. It usually responds well to
treatment with corticosteroids [18–20].
Symptomatic lower airway involvement is
much more common in adults than in children.
Bronchiectasis can be present in up to 75% of adult
IBD patients [17]. In contrast, bronchiectasis has
been very rarely described in paediatric patients.
It may manifest as purulent bronchitis and seems
to respond well to corticosteroid treatment [21].

Pulmonary parenchymal
disease
In one large paediatric case series including
16 patients, interstitial lung disease was the
dominating respiratory manifestation of CD [13].
Diffuse bilateral interstitial disease was noted in
69% of patients. A rare interstitial manifestation
was found in a 17-year-old female CD patient who
presented with bilateral cavitary pneumonia. She
was unresponsive to antibiotics but improved with
infliximab therapy [13]. Seven of the 16 patients had
cryptogenic organising pneumonia [22–27]. Two of
these had interstitial pulmonary fibrosis [22, 24].
Five out of 16 patients presented with single lobe
consolidations among whom one patient, an
11-year-old girl, had no prior history of IBD [13].
Bilateral pneumonia and peripheral non-caseating
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epithelioid granulomas mimicking sarcoidosis may
also occur in paediatric IBD [28, 29].

Pathophysiology
The pathogenesis of pulmonary involvement in IBD is
not well understood. Molecular mimicry or aberrant
cell homing from the shared embryological origin of
the pulmonary and intestinal system from the primitive
foregut may play a role in the disease process [30].
Colonic and respiratory epithelia express submucosal
lymphoid tissue and are important for host mucosal
defence mechanisms. Hypothetically, inflammatory
processes in intestinal and respiratory tissue could
result from epithelial exposure to common antigens
by inhalation or ingestion, and lead to sensitisation of
lymphoid cells and to a similar response in lung and gut
tissue [31]. Another hypothesis is that antigen leakage
through the impaired intestinal barrier increases local
and systemic inflammatory responses [32]. In an
animal model of UC, the lungs and the colon both
showed increased concentrations of proinflammatory
cytokines like vascular endothelial growth factor
(VEGF) and tumour necrosis factor (TNF)-α. The
cytokine-mediated increase in alveolar epithelial
permeability may play a role in the pathogenesis of
the pulmonary involvement in IBD [32].
Human leukocyte antigens (HLAs) have been
linked to extraintestinal manifestations of IBD in
the skin, joints and eyes. This has been described
for HLA-A2 and HLA-DR1 in CD; and HLA-B27, HLAB58 and HLA-B8/DR3 in UC [33, 34]. No genetic
predisposition for respiratory manifestations of IBD
has yet been found [35].

Histopathology
Lymphocytic, mononuclear or polymorphonuclear
cell infiltration and mucosal ulcerations are
characteristic for IBD-related inflammation of the
respiratory system. Non-caseating granuloma
formation may occur in the airway mucosa and
the lung parenchyma [13, 14, 18, 25, 29]. IBDrelated interstitial lung disease usually presents
as cryptogenic organising pneumonia. Rarer forms
include neutrophilic necrotic parenchymal nodules
without signs of infection and serositis [36].
Acute alveolitis with severe dysplasia of
pneumocytes and interstitial fibrosis has been
described in biopsies of a paediatric and an adult
patient with CD. Both suffered from CD for more
than 6 years and presented with shortness of
breath 2 years after resection of the terminal ileum.
Immunohistology identified predominantly lambda
chains expressed by lymphocytes associated with
IgA and IgM [25].
Infiltration of lung tissue with eosinophils and
eosinophilia in peripheral blood should prompt
consideration of a drug-induced pulmonary
pathology [37].
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Pulmonary side-effects of
IBD therapies
It may be difficult to differentiate respiratory
manifestations of IBD from respiratory symptoms
related to the treatment of IBD. Various treatment
options exist for paediatric IBD including sulfasalazine,
5-aminosalicylic acid (5-ASA), parenteral nutrition,
oral corticosteroids, azathioprine, methotrexate,
antibiotics, surgery, and most recently, antiTNF-α monoclonal antibody therapy [38].
Immunosuppressive therapy with sulfasalazine can
result in eosinophilic pneumonia and rarely fibrosing
alveolitis [37]. Fibrosing alveolitis is a very rare,
potentially lethal side-effect that has been described
in adult IBD patients. Eosinophilic pneumonia
typically occurs 2–6 months after initiation of
therapy with sulfasalazine [37]. Pneumonitis with
dyspnoea, cough, fever, hypoxaemia and interstitial
infiltrates has been described in adult patients under
methotrexate (the majority of whom were affected
with rheumatoid arthritis) [39].
Biologicals are increasingly used in paediatric
IBD. Anti-TNF-α antibodies, such as infliximab
and adalimumab, have been described to cause
acute infusion reactions, delayed hypersensitivity
reactions and opportunistic infections, and to pose a
potential risk for malignancies [38]. Mild infections,
especially of the gastrointestinal and respiratory
tract, have been reported in paediatric CD patients
treated with infliximab or adalimumab [40]. There
is a risk of reactivation of tuberculosis and other
mycobacterial infections under anti-TNF-α therapy,
especially in adults [41]. The majority develop
extrapulmonary tuberculosis. All patients should
be actively screened for latent tuberculosis before
initiation of anti-TNF-α treatment.
In adults, Pneumocystis jirovecii pneumonia
has been described under treatment with
infliximab [42]. To our knowledge, there are no
clear recommendations for considering P. jirovecii
pneumonia prophylaxis in children with IBD under
immunosuppressive therapy.
Fungal infections have also been related to antiTNF-α therapy in adult patients [43]. Opportunistic
infections due to immunosuppressive treatment with
anti-TNF-α therapy, azathioprine or methotrexate
must be ruled out before treating pulmonary
abnormalities as extraintestinal manifestations of
IBD. Patients with monotherapy of azathioprine,
corticosteroids or anti-TNF-α therapy have a
threefold higher risk for an opportunistic infection
compared with patients without immunosuppressive
therapy [44]. Combination therapies potentiate this
risk. Apart from Mycobacterium tuberculosis, causative
agents include P. jirovecii, Listeria monocytogenes,
Aspergillus fumigatus, Cryptococcus neoformans or
cytomegalovirus [37].
Rare non-infectious pulmonary side-effects
of immunosuppressive therapy like alveolitis,
nonspecific interstitial pneumonitis or diffuse

alveolar haemorrhage have been described in
adult patients only. These mostly resolve after
discontinuation of therapy [45].
A controversial aspect of IBD therapy is the
occasional occurrence of pulmonary involvement
after colectomy. The debate is whether colectomy
itself increases the risk of pulmonary involvement,
for example, because the inflammatory process
may shift from the gastrointestinal tract to the
airway [46]. Another hypothesis is that late
pulmonary involvement reflects the reduction
of immunosuppression after surgery allowing
pulmonary disease to flare up [36, 47]. It could also
be speculated that disease activity is not necessarily
synchronous among the involved organs, as reflect
by abnormal pulmonary findings among IBD
patients in clinical intestinal remission [48].

Diagnosis of respiratory
involvement (except lung
function testing)
The ESPGHAN (European Society for Paediatric
Gastroenterology, Hepatology and Nutrition) task
force does not recommend regular screening for
respiratory disease in children with IBD [49, 50].
A thorough medical history including a precise
description of symptoms, the course of the
symptoms, accompanying and environmental
factors, and the current and past medication is
key in children with respiratory complaints. A
gastrointestinal IBD exacerbation can also be
the cause for respiratory symptoms. In case of
suspicion, laboratory studies may help to confirm
the presence of an IBD exacerbation [45].
Other respiratory diseases like tuberculosis
or granulomatosis with polyangiitis may mimic
respiratory manifestations of IBD in children. This
may require further disease-specific laboratory
investigations such as interleukin (IL)-6, serological
tests, rheumatoid factor, antinuclear antibodies,
antineutrophil cytoplasmic antibody and
interferon-γ release assay (IGRA) [51].
Children with severe respiratory involvement
like bronchiectasis should undergo a thorough
immunological workup to exclude underlying
immunodeficiency or rare syndromes, such
as the IPEX syndrome (immunodysregulation,
polyendocrinopathy, enteropathy X-linked syndrome).
Side-effects of medications should always be
considered as a cause of respiratory disease in
patients with IBD, especially in patients receiving
biologicals. Sputum culture and nasopharyngeal
swabs can help to identify infectious causes of
respiratory disease in children with IBD. It very
important to rule out atypical infections, such
as mycobacteria and fungi, as a complication of
immunosuppressive treatment.
Imaging, especially chest CT, plays an important
role in diagnosing pulmonary involvement in
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adult IBD [9, 52]. The most common findings are
bronchiectasis, bronchial wall thickening, lung
opacities, emphysema and ground-glass opacities.
Lung parenchymal involvement is reported
more frequently for UC than for CD with a female
preponderance. It often manifests with consolidations
referred to as organising pneumonia [53]. Another
rare parenchymal manifestation in adult IBD is
cellular nonspecific interstitial pneumonia, which
appears as ground-glass opacities with reticulation
and a sub-pleural and basal distribution on chest CT.
Honeycombing is typically absent [53].
Imaging data for children is only available from case
reports. Chest radiography is often normal or reveals
unspecific signs of bronchiectatic disease or lung
parenchymal disease [17]. Chest CT is not routinely
recommended in children due to the rare pulmonary
involvement and the exposure to radiation [14, 53]. It
classically demonstrates diffuse or localised concentric
bronchial wall thickening (with or without mucoid
impaction) and bronchiectasis (cylindric, varicose or
cystic) [53]. However, imaging may also display the
manifold manifestations of IBD lung disease such as
basal infiltrates, patchy dense lesions, reticulonodular
lesions and lobar pneumonia [13].

Bronchoscopy can be a valuable diagnostic
tool to evaluate the large airways, especially in
children presenting with croup. Bronchoscopy with
bronchoalveolar lavage can provide microbiological
specimens to rule out an infectious cause in patients
with unspecific respiratory symptoms such as
productive cough. Furthermore, mucosal biopsies
taken during bronchoscopy can characterise the
type of bronchial inflammation [51]. Bronchial,
trans-bronchial or open lung biopsies may help
differentiating pulmonary manifestations of IBD
from autoimmune diseases secondary to treatments
with biologicals [45]. The differentiation between
sarcoidosis and IBD can be challenging because both
can present with non-caseating granulomas [28].

Lung function abnormalities
In adult IBD, lung function abnormalities found
in patients with airway involvement are typically
characterised by airflow obstruction without a significant reversibility to bronchodilators. Most patients
with parenchymal lung diseases show restrictive
lung disease and a reduced diffusing capacity.

Table 1 Studies assessing lung function in children with IBD
Lung function technique
Body plethysmography
Spirometry

DLCO

Reference

Study population

Finding

[14]

25 CD and 25 UC versus 39 controls

No difference

[57]

12 CD and 18 UC versus 32 controls

No difference

[48]

30 CD and 18 UC versus 108 controls

MEF50, MEF25 reduced in CD

[56]

52 CD and 48 UC versus 50 controls

FEV1, FVC reduced
15 restrictive
19 obstructive

[14]

25 CD and 25 UC versus 39 controls

No difference

[57]

12 CD and 18 UC versus 32 controls

No difference

[48]

30 CD and 18 UC versus 108 controls

DLCO reduced

[56]

52 CD and 48 UC versus 50 controls

DLCO reduced

Methacholine
bronchoprovocation challenge

[14]

25 CD and 25 UC versus 39 controls

12% of IBD patients with
BHR

FENO

[48]

30 CD and 18 UC versus 108 controls

No difference

[57]

12 CD and 18 UC versus 32 controls

No difference

[14]

25 CD and 25 UC versus 39 controls

FENO higher in UC

[55]

30 CD and 30 asthma versus 20 controls

No correlation between
FENO and CD activity

Lung clearance index

[57]

12 CD and 18 UC versus 32 controls

No difference

Exhaled breath condensate

[54]

22 CD and 25 UC versus 37 controls

IL-6, TNF-α, IL-1β
significantly higher in IBD

[55]

30 CD and 30 asthma versus 20 controls

pH lower in IBD and asthma
8-isoprostane differed
between groups

MEF50/25: maximum expiratory flow at 50/25% of FVC; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; BHR: bronchial
hyperresponsiveness; FENO: fractional exhaled nitric oxide.
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However, the variety of lung functions alterations
is as manifold as the clinical manifestations [37].
Most studies on respiratory manifestations of IBD
in children include lung function testing. To date, there
are six studies that assessed lung function in 294
children with IBD [14, 48, 54–57]. Pulmonary function
abnormalities were generally inconsistent and mild.
There is no correlation with IBD activity (table 1).
The main findings include some degree of bronchial
obstruction and/or reduced diffusing capacity of the
lung for carbon monoxide (DLCO). As a note of caution,
anaemia is common in IBD and DLCO measurements
need to be corrected for haemoglobin levels. Asthma
is more prevalent in male children with IBD and can be
identified by pulmonary function testing [58].

Management
An escalation of the current therapy of IBD should
be considered if respiratory manifestations arise.
Treatment plans for primary respiratory manifestations
of IBD are mostly derived from case series. Bronchial
inflammation with or without bronchiectasis, which
is unresponsive to antibiotics, should be treated
with inhaled or oral corticosteroids. Organising
pneumonia has been successfully treated with oral
corticosteroids, although sometimes spontaneous
remission can be observed [9]. Infliximab has been
used successfully for the treatment of organising
pneumonia and bilateral cavitary pneumonia [59, 60].
Upper airway involvement with severe tracheal
inflammation and obstruction of the tracheal
lumen has shown dramatic improvement following
treatment with intravenous methylprednisolone
[18, 61]. It can lead to irreversible stenosis if it
remains untreated [53].
Interstitial lung disease related to IBD responds
well to treatment with oral corticosteroids or
infliximab [13, 37]. Alternative IBD treatment
regimens need to be discussed if the patients suffer
from drug-induced respiratory complications [45].

Self-evaluation questions
1. Which of the following statements about respiratory involvement in
children with IBD is/are true?
a) Every part of the respiratory system (including the upper and lower
airways, the lung parenchyma, and the pleura) can be affected.
b) The respiratory tract is affected in at least 50% of children with IBD.
c) A CT scan is mandatory if respiratory symptoms occur in children
with IBD.
d) Respiratory manifestation of IBD can be ruled out by negative
inflammatory parameters in blood tests.
2. Which of the following statements about the pathophysiology of
respiratory manifestations of IBD is wrong?
a) Epithelial exposure to common antigens by inhalation or ingestion
could lead to sensitisation of lymphoid cells and a similar
inflammatory response in lung and gut.
b) Increased concentrations of proinflammatory cytokines like VEGF
and TNF-α can be found in the gut and the pulmonary tissue.
c) A genetic predisposition for respiratory involvement has been
identified in IBD patients.
d) The impaired intestinal barrier could result in more antigens
entering the body and causing local and systemic inflammation.
3. Which lung function test can exclude respiratory disease caused by
IBD in children?
a) Body plethysmography
b) DLCO
c) FENO
d) None of the above
4. Which of the following statements is not true?
a) Side-effects of anti-TNF-α therapy can mimic a respiratory
manifestation of IBD.
b) Eosinophilic infiltrates in bronchial biopsies are characteristic of IBD.
c) Non-caseating granulomatous inflammation can be found in lung
biopsies of children with IBD.
d) Screening for tuberculosis is necessary before initiating anti-TNF-α
therapy in children.

Key points
●●

●●

●●

●●

●●

Pulmonary involvement in paediatric IBD is rare, but may be missed. The spectrum of symptoms
is broad and mimics other diseases. The differentiation between IBD-related and drug-induced
respiratory manifestation can be challenging.
The most important differential diagnoses of respiratory manifestations of IBD are infections and
therapy-related side-effects.
Lung function tests to monitor IBD under immunomodulatory therapy are not recommended.
There is no gold standard to diagnose respiratory manifestations in children with IBD. Diagnostic
tests should be chosen according to history and clinical presentation.
Treatment of respiratory manifestations of IBD includes inhaled or oral corticosteroids and initiation
or step-up of immunomodulatory IBD therapies.
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