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Postinfectious Bronchiolitis Obliterans

Childhood bronchiolitis obliterans (BO) is an uncommon complication that is characterized clinically 
by persistent and continuous obstructive respiratory symptoms, and has been described secondary to 
various etiologic factors, including drugs, exposure to toxic fumes, allergic reactions, collagen vascular 
disease or infections. BO occurs most commonly in children after an episode of acute bronchiolitis and 
is considered a long-term sequela of viral infection.

Postinfectious Bronchiolitis Obliterans (PIBO) is characterized by persistent airway obstruction with 
functional and radiological evidence of small airway involvement that is in general unresponsive to 
bronchodilator treatment.

Although the condition is relatively rare, and its exact incidence is unknown, it is important to keep it in 
mind. PIBO is complication of lower respiratory tract epithelial injury, and is often misdiagnosed, delaying 
recognition and potential treatment. A PIBO diagnosis is usually based on a few factors, including a 
good medical history, positive clinical findings, and lung function test and imaging results, although 
biopsy and histopathology remain as the optimum diagnostic approach. There have to date been few 
studies proposing treatments for the condition, and no accepted protocol exists in literature. There is 
usually a fixed airway obstruction in PIBO. Various treatment approaches have been extrapolated from 
studies of post bone marrow transplantations and lung transplant BO. The clinical course is variable, 
and good supportive therapy is essential, with anti-inflammatory therapy often being employed.
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Introduction
Bronchiolitis obliterans (BO) is a rare obstructive lung 
disease that was first described by Lange in 1901.1 It is 
an irreversible chronic lung disease that is characterized 
by subepithelial inflammation and a fibrotic narrowing of 
the small airways due to various etiologic and triggering 
factors.2,3 To date, three main BO categories have been 
encountered: (i) postinfectious BO (PIBO), (ii) post-
hematopoietic stem cell transplantation (HSCT) BO and 
(iii) post-lung transplantation (LT) BO. Cases in all three 
categories present with irreversible airway obstructions 
in the small airways, and 
respiratory symptoms secondary 
to this, with the most common 
cause being infection. PIBO is 
often seen in early childhood and 
is an obstructive lung disease 
that is generally irresponsive to 
bronchodilator treatment that 
is characterized by a fibrotic 
narrowing of the bronchioles 
secondary to severe lower 
respiratory tract infection.4-7 
Other rare causes in the BO 
etiology are connective tissue 
disease, exposure to toxic fumes 
and gastroesophageal reflux.8,9  

Pathogenesis
The pathogenesis of bronchiolitis obliterans is still 
unclear as the causative organisms are numerous. T 
cells are known to play a key role in the development of 
various inflammatory diseases.10 

In BAL studies of matrix metalloproteinases (MMP), 
reactive oxygen species and defensins, neutrophils 
have been shown to play a role in the pathogenesis 
of BO primarily after lung transplantations. Damaged 
epithelial cells following post lung transplantation 
have been suggested to cause an accumulation of 
inflammatory cells, including neutrophils, through the 
release of IL-8 and other proinflammatory cytokines. 
These neutrophils are considered to cause an increase 
in MMP, defensins and reactive oxygen species, thus 
leading to structural disorders of the matrix, collagen 
accumulation, fibroblast proliferation, and finally, 
peribronchial fibrosis.11   

Recently, a Th17 cell mediated autoimmunity was 
detected against the type-V collagen that plays role in 
tissue remodeling in patients with lung transplant.12 
In a BO animal model, IL-17 expression was found to 
increase and peripheral Tregs to decrease in the allograft 
after LT.13 Considering the induction of IL-8 secretion by 
IL-17, Th17 cells may be responsible for the neutrophilia 
observed in the BAL of patients with BO. PIBO, on the 
other hand, is characterized by a constrictive BO pattern 
and inflammation to a varying degree, along with airway 
obstruction. 

In summary, epithelial damage occurs as a result 
of lower respiratory tract infections by viruses or 
microorganisms such as mycoplasma. Epithelial cells 

Highlights

• Bronchiolitis obliterans is a rare 
obstructive chronic lung disease.

• The common features of Bronchiolitis 
Obliterans are tachypnea, wheezing 
and hypoxemia continuing for at least 
for 6 weeks following a causative 
event.

• CT in particular plays a central role in 
the diagnosis of PIBO, identifying such 
anomalies as patchy ground glass 
opacities, air retention, bronchial wall 
thickening, bronchiectasis, mosaic 
perfusion and unilateral hyperlucent 
lung.

secrete IL-8 and other proinflammatory mediators that 
gather neutrophils and other inflammatory cells into the 
small airways. Subsequently, MMP, fibrotic cytokines 
and mediators are secreted by these cells, and matrix 
damage, collagen accumulation, fibroblast proliferation, 
and finally, peribronchial fibrosis occur. CD8 + T cells 
play a dominant role in epithelial damage and chronic 
inflammation following a viral infection. Th17 cells 
play role in tissue remodeling, while IL-17 induces the 
IL-8 release associated with airway neutrophilia. The 
development of obliteration in BO is detailed in Figure 1. 

Definition
The common features of 
Bronchiolitis Obliterans are 
tachypnea, wheezing and 
hypoxemia continuing for at 
least for 6 weeks following a 
causative event.14 Diagnoses 
are confirmed from persistent 
symptoms irresponsive to 
bronchodilator application, 
computed tomography findings 
and the exclusion of other 
diseases.15  

Epidemiology
Postinfectious Bronchiolitis 

Obliterans (PIBO) is a rare disease, the incidence of which 
is currently unknown since a national and international 
database has yet to be established. The incidence may 
be even higher than expected, since most mild cases 
remain undiagnosed. While estimating the prevalence of 
PIBO is difficult, in a study of 3,141 autopsy and lung 
biopsy reports, BO was identified in 0.6%, and most 
were described as PIBO.16 PIBO is encountered more 
frequently among certain populations, including Native 
Americans and Native Koreans, which suggests that 
genetic factors may play role in its etiology.4,17 HLADQB1 
* 0302 – an antigen with a high prevalence among Native 
Americans was found to be increased in children with BO 
in a previous study. 

Figure 1. Histopathology in Bronchiolitis Obliterans
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PIBO is most associated with adenovirus infections (3, 7, 
11 and 21 serotypes), and has been reported secondary 
to influenza, parainfluenza, measles, chickenpox 
and Mycoplasma pneumoniae. Li et al., in their study 
conducted in China, reported adenovirus to be the most 
common cause in the 42 PIBO diagnoses of children over 
a five-year period.18 Colom et al. diagnosed adenovirus 
in 71% of their patients with PIBO,4 although various 
respiratory viruses or bacteria, including respiratory 
syncytial virus, influenza, Mycoplasma pneumoniae, 
type B Streptococcus, Legionella pneumophilia and 
Bordetella pertussis have been shown to lead to the 
development of PIBO.19,20  

Respiratory signs and symptoms of acute viral 
bronchiolitis resolve after a few days, and so BO should 
be considered in children with acute lower respiratory tract 
infections with continued wheezing, tachypnea and the 
need for oxygen support for at least 2 months. Advanced 
diagnoses are necessary in such cases.1,9 Adenovirus 
infection has been found to be an independent risk factor 
for the development of PIBO in children below 3 years 
of age with a requirement for mechanical ventilation.4  
PIBO is particularly common in children below 1 year of 
age, although age does not seem to be a risk factor for 
PIBO.4,21,22 

Children with PIBO are heterogeneous in terms of the 
causative organisms and the age of onset. Pediatric 
pulmonologists have been able to determine the cause 
and initiation time from retrospective observations at the 
time of diagnosis. In a study with a 3.5-year follow-up, 
22.6% of the cases were reported to be in remission, 
67.7% were reported to have continuing respiratory 
symptoms and mortality was reported in 9.7%.22  

Histopathology
The fibrotic changes in the small airways associated 
with BO can be divided into two types: proliferative 
bronchiolitis; obstructive or constrictive bronchiolitis, 
depending on their histologic features, the second of 
which is more common.23 Constrictive bronchiolitis 
develops due to submucosal fibrosis, while proliferative 
bronchiolitis develops when intraluminal polyps caused by 
inflammatory granulation tissues obstruct the airways.24 
The mechanism of the development of obliteration in BO 
is detailed in Figure 1. 

Lung biopsy is accepted as the optimum approach to the 
diagnosis of BO. Typically, biopsies reveal a progressive 
inflammatory response with tissue remodeling, fibrosis 

of the small airways and airway obstruction elements,25 
although such biopsies may be subject to sampling 
errors, since airway obstructions are distributed 
heterogeneously in the lung parenchyma and the level of 
chronic inflammation varies from patient to patient. 

DIAGNOSIS
Clinical Picture 
PIBO is diagnosed from the clinical criteria that define 
the symptoms, such as tachypnea, cough, wheezing, 
exercise intolerance and hypoxemia, continuing for at 
least 6 weeks following severe bronchiolitis or pneumonia 
with respiratory failure. 

Differentiating between PIBO and ordinary bronchiolitis 
or viral pneumonia can be challenging, and may delay 
diagnosis and possible treatment, and such delays 
may result in deepening the severity of respiratory tract 
infections and even death from respiratory failure over 
1–2 years.15-26  

At the time of diagnosis, the level of respiratory tract 
disease may have advanced and irreversible fibrotic 
changes and airway obstructions may have occurred, 
making treatment even more difficult and decreasing 
the rate of success. Physical examination does not 
lead in a previously health child in the diagnosis of 
PIBO. There are nonspecific signs which point out PIBO 
such as crepitant rales, wheezing and hyperinflation on 
physical examination. A definitive diagnosis necessitates 
histopathological verification and so clinical and imaging 
criteria, pathological agent descriptions and the exclusion 
of other forms of chronic lung disease should be carried 
out as a priority. The diagnostic criteria for PIBO are 
given in Table 1.27 

A scoring system to increase reliability in positive cases 
was developed and validated in a study carried out to 
establish the diagnostic criteria of the disease, and to 
determine the accuracy of the criteria in the evaluation of 
pediatric patients with PIBO – a chronic lung disease. The 
defined criteria were as follows: Typical clinical record 
in a previously healthy child with a severe bronchiolitis 
episode lasting for more than 60 days; presence of 
chronic hypoxemia (sat. O2 <92%): 4 points; history of 
adenovirus infection: 3 points; and mosaic pattern on 
CT: 4 points. Scores of ≥7 predict a diagnosis of PIBO 
with a high accuracy (specificity 100%, sensitivity 67%), 
although scores of <7 certainly do not exclude a diagnosis 
of BO. The specificity criteria of PIBO are presented in 
Table 2.22 

Table 1
Diagnosis of Postinfectous Bronchiolitis obliterans(PIBO)

1. History of lower respiratory infection, particularly Adenovirus, mycoplasma, measles.
2. Persistent airway obstruction symptoms and signs ( ≥ 6 weeks) or recurrent airway obstruction symptoms and signs in a mild form.
3. Sing of obstructions: FEV1 /FVC<0,8 or FEV1 percent predicted <%80.
4. Irreversible airway obstruction demonstrated by lung function test; absent BDT but positive BDR in some patient.
5. CT (inspiration/expiration): mosaic perfusion, air trapping, and/or bronchiectasis
6. Exclusion of other chronic lung disease (asthma, BPD, chronic aspiration, PCD, cystic fibrosis, immun deficiency).
7. Postinfectious bronchiolitis obliterans is clinically diagnosed when all of the above criteria are met.
FEV1: Functional expiratory volüme, FVC: Forced Vital Capacity, BDT: Bronchodilator Therapy, BDR: Bronchodilator Response, CT: Computed Tomography, BPD: Bronchopulmonary Dysplasia, 
PCD: Primary Ciliary Dyskinesia
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Bo-Qia Xie et al. identified two further patterns, including 
incompatible perfusion pattern and incompatible 
ventilation pattern.36 Airway inflammation is thought to 
lead to hypoxic vasoconstriction in the acute phase, and 
this inflammatory process is thus accepted as affecting the 
neighboring vessels, and to cause vascular remodeling 
in the following chronic phase.37 Perfusion disorder 
may thus be less severe than ventilation disorder in the 
early phases of PIBO, and so an incompatible perfusion 
pattern may be seen on a V/Q scan. An incompatible 
perfusion pattern, on the other hand, may be a sign 
of early phase PIBO, and the incompatible ventilation 
pattern follows this.36 

Pulmonary Function Tests (PFT)
Lung function tests are manifested as typical models 
in patients with PIBO. Pulmonary function tests are 
generally used to document an obstructive disorder, 
although the results of such tests may be normal in the 
early phases. Spirometry shows an irreversible of stable 
obstructive flow volume curve with a decreased forced 
expiratory volume (FEV1), and a decreased Tiffeneau 
index (FEV1/FVC) and end-expiration (FEF25). The body 
plethysmography shows hyperinflation and a residual 
volume (RV) with increased air trapping and an increased 
functional residual capacity (FRV).17 Typically, response 
to bronchodilation is either low or lacking.38 Patients 
with PIBO tend to experience milder disease forms than 
those with BOS following bone marrow transplantations. 

One of the most severe forms of PIBO caused by 
adenoviruses is Swyer-James Syndrome (SJS), which is 
defined as the unilateral hyperlucency of a single lobe or 
the entire lung secondary to pulmonary hypoperfusion, 
with a decrease in the vascular plexus or volume of the 
affected lung or lobe. SJS is functionally characterized by 
a decrease in volume during inspiration and air trapping 
due to bronchiolar obstructions during expiration. Given 
the rarity of the disease, understanding the general clinical 
picture of SJS is important in excluding other diseases 
associated with bronchiolitis for a differential diagnosis. 
The physiopathology of SJS includes inflammation of 
the bronchial walls and fibrosis of the interalveolar septa, 
resulting in decreased ventilation and perfusion, and 
vasoconstriction. Obliteration of the pulmonary capillary 
network decreases the flow of blood into the pulmonary 
artery segments and triggers arterial hypoplasia.28,29 

Radiology
Among the available imaging techniques, CT in particular 
plays a central role in the diagnosis of PIBO, identifying 
such anomalies as patchy ground glass opacities, air 
retention, bronchial wall thickening, bronchiectasis, 
mosaic perfusion and unilateral hyperlucent lung.30 
The most common findings – mosaic attenuation and 
ground glass appearance – are essential for diagnosis. 
Some sample CT images of BO are presented in Figure 
2 and Figure 3. The two main mechanisms behind 
the development of mosaic attenuation are alveolar 
hyperinflation and hypoxic vasoconstriction.31 Hypoxic 
vasoconstriction causes a redistribution of blood flow 
to the “healthy” lung. When the bronchial disease is 
extensive, a greater volume of blood is redistributed to 
the smaller volume healthy lung, finally becoming more 
condensed, and a ground glass appearance develops. 
Leung et al. reported the sensitivity, specificity and 
accuracy of CT in cases of air trapping syndrome to be 
91%, 80% and 86%, respectively.32 Obtaining a CT image 
during the expiratory phase would lead to this important 
feature, which occurs during the inspiratory phase, 
being overlooked, and so it is important in diagnoses 
of air trapping in less severe cases.33 Obtaining scans 
from both respiratory phases may be challenging in 
pediatric patients with limited cooperation; and so more 
attention should be paid to the evaluation of ground glass 
opacities. Another role of CT in PIBO is as a marker of 
disease severity. Correlations have been observed 
between CT measurements of disease severity and 
lung function measurements in BO in the presence of 
varying etiologies.34 Ventilation-perfusion (V/Q) defects 
in scintigraphic imaging in only PIBO patients have been 
reported in some studies.35 

Figure 2. Swyer-James (Macleod Syndrome): radiographic hyperlucent 
appearance of a left pulmonary lobe.

Figure 3. Swyer-James (Macleod Syndrome), CT demonstrate long-
standing hyperlucency of the right lower lobe

Table 2
BO score, clinical X-Ray score for diagnosis PIBO

Predictor variable  Value
Present                                                   Absent

Typical clinical record 4 0
Adenovirus history 3 0
Mosaic pattern in HRCT 4 0
Score range 0-11
A score >7 predict diagnosis PIBO
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Patients with PIBO have a common marked respiratory 
function disorder pattern that is characterized by marked 
airway obstruction, increased RV and specific airway 
resistance. 

Mattiello et al. reported that airway obstructions varied 
between intermediate to very severe in children and 
adults with PIBO, noting also marked airway obstructions 
with air trapping.39 

Teper et al. from Argentina reported that the respiratory 
functional disorder associated with PIBO developed in 
the early phases of the disease.40 Kim et al. identified 
severe and fixed airway obstructions in the pulmonary 
function tests of 14 children out of 31 with PIBO in the 
United States and South Korea.17 Cazzato et al. found 
a yearly 1% decrease in the FEV1, FEV1 / FVC and 
FEF25-75 values of 14 children in the long-term follow-
up of pulmonary function tests.38  

Castro-Rodriguez et al. identified a peripheral airway 
obstruction in 18 preschool children with PIBO in Chili 
using an impulse oscillometer technique.41 In Brazil, 
Mattiello et al., after evaluating the functional capacity 
of 20 children during cardiopulmonary exercise, 
compared their results with the PFT results. The authors 
found decreased oxygen consumption to be positively 
correlated with FVC, FEV1 and FRC in children,42 and 
reported that the CT findings early in life in a group of 
21 children with PIBO predicted severely impaired 
lung function after 10 years.43 This impairment which 
is probably attributable to the huge chronic damage in 
the intermediate and small airways, characterized by 
increased RV and specific airway resistance (sRaw), 
and decreased expiratory air flow. A combination of 
spirometry and plethysmography measurements may be 
more beneficial for the evaluation of functional damage, 
and for the follow-up of such patients when compared to 
use of only one technique alone.44  

Mattielo et al. reported decreased FVC in PIBO, and a 
total lung capacity (TLC), RV and RV/TLC of over 80%, 
representing a significant increase. These data, obtained 
from plethysmography, confirmed the obstructive nature 
of PIBO. The authors also reported a positive correlation 
between RV/TLC and FEV1 and demonstrated that the 
decrease in FEF25-75% was in parallel with the severity 
of the airway obstruction. Although FEV1/ FVC and 
FEV1 are the most used spirometry parameters for the 
determination of airway obstructions, this parameter was 
an early predictor of disease severity since it shows a 
greater decrease when compared to FEF25-75, FEV1% 
or FEV1. RV, TLC and RV/TLC tend to increase in such 
patients as a result of the decrease in the elastic recoil 
of the lung.42  

The FEV1 and FEV1/FVC and FEF25-75 of patients with 
PIBO should be carefully monitored.44 Both the American 
Thorax Society (ATS) and the European Respiratory 
Society (ERS) recommend the determination of lung 
volumes in patients with obstructive lung diseases such 
as PIBO to allow a better understanding of the underlying 
respiratory disorder.45,46  

Anatomical and functional changes in PIBO may lead to 
a progressive loss of power/ durability in the respiratory 

muscles, which in turn effects exercise tolerance negatively 
and may decrease daily life activities. A cardiopulmonary 
exercise test (CPET) and a 6-minute walking test may 
be more sensitive in the detection of early involvement in 
respiratory diseases the FEV1 measured by spirometry. 
Mattiello R et al. identified a decrease in exercise capacity 
in children and adolescents with PIBO.44 

Recently, sensitive lung function indices have aided in 
the early diagnosis of small airway disorders in PIBO. 
Multiple breath washout (MBW) is an appropriate and 
sufficiently sensitive method for the detection of early 
small airway disorders in the presence of chronic lung 
disease in children and adults. Other studies have 
shown the lung clearance index (LCI) to be impaired in 
most patients with cystic fibrosis, despite the spirometry 
indices being normal. LCI measured by MBW can be 
helpful in the diagnosis in PIBO. LCI results were found 
to be correlated with CT findings in Kim et al.’s study 
of 20 babies diagnosed with PIBO who underwent 
pulmonary function tests, MBW and chest CT. LCI can 
thus be considered an appropriate and complementary 
tool for the evaluation of children with PIBO.47,48 It offers 
a further advantage over Forced Oscillation Technique 
(FOT) spirometry in the pediatric population in requiring 
no respiratory maneuvers due to the small amplitude 
pressure oscillations added to the normal respiration. 
There have to date been no studies investigating the use 
of FOT in PIBO, although such may be of interest, and 
would facilitate pulmonary function studies.49 In contrast 
to spirometry, which requires deep inspiration, the FOT 
requires minimal cooperation and does not alter the 
airway smooth muscle tonus. 

Jang YY et al. reported a significant increase in serum 
YKL-40 levels in children presenting with exacerbations 
of PIBO, and these increased YKL-40 levels were found 
to be positively correlated with disease severity prior to 
PIBO. The measurement of serum YKL-40 levels was 
thus suggested to be helpful in differentiating between 
exacerbation in PIBO and acute bronchiolitis in small 
children, and it was concluded that YKL-40 could play a 
role in the pathogenesis of PIBO.50  

Giubergia V et al., in their study evaluating the distribution 
of MBL2 polymorphism in children with PIBO, identified 
significantly more children carrying iMBL genetic variants 
in the PIBO group when compared to healthy controls, 
and more patients in the PIBO iMBL group required 
intensive care and mechanical ventilation.51  

BAL
Cellular infiltrations of the lungs in children with PIBO 
involve CD3 + T cells, in which the CD8 + T cell subtype 
is dominant. Koh et al. identified increased CD8 + T cells 
and a decreased ratio of CD4 / CD8 in BAL and biopsy 
samples taken from children with BO and with a history 
of measles pneumonia during an outbreak in 2000–2001. 
The dominant role of CD8 + T cells in the development of 
BO following a viral infection was described in this study.

The bronchoalveolar lavage (BAL) of children with PIBO 
is neutrophil dominant and a significant increase in IL-8 
is seen, with the degree of neutrophil increase in BAL 
being correlated with the BO stage.10   



87 Yılmaz et al. PIBO

Biopsy
Biopsy is accepted as the optimum approach to 
diagnosis, although the National Institute of Health 
(NIH) came up with new criteria for the diagnosis and 
scoring of the severity of chronic Graft-versus-host 
disease (GVHD) of the lungs, since biopsy is invasive 
and is associated with a risk of bleeding and other 
complications. The criteria for a clinical diagnosis of 
BOS after HSCT were defined as FEV1/FVC <0.7, 
FEV1 <75% pred., >10% decrease in less than 2 years, 
and an absence of infection or air trapping in a CT or 
pulmonary function test. Similar follow-ups should be 
carried out for PIBO.52  

Treatment
Standard treatment options are yet to be determined for 
PIBO, as it is a rare, chronic, irreversible and obstructive 
lung disease with no accepted protocol, and different 
centers follow different strategies. Most of the current 
knowledge of PIBO has been extrapolated from studies 
of patients who developed BOS following bone marrow 
or lung transplantations.53  

Therapeutic decisions were empirically performed in the 
beginning, since PIBO is a rare disease in which there 
is little opportunity for randomized clinical experiments 
focusing on the treatment of the disease. The clinical 
course is variable, and supportive treatment is the main 
priority, although anti-inflammatory treatments are also 
frequently applied. The current BO treatments are details 
in Table 3.54,55 

In general, PIBO treatments should be planned to 
include a combination of optimal supportive therapy 
and anti-inflammatory treatment to prevent lymphocyte 
proliferation and activation, since inflammation plays 
an important role in the pathogenesis of PIBO.56 An 
appropriate drug protocol may include: 1) Oral/inhaled 
corticosteroids and other anti-inflammatory treatments; 2) 
hydroxychloroquine, for the treatment of severe or long-
lasting obstructions; and high dose methylprednisolone 
pulses; 3) Short-acting and long-acting bronchodilators 
or anticholinergic agents; and 4) oral or intravenous 
antibiotics.57 

Inhalers and systemic steroids: 
Systemic steroids should be administered in the early 
phases of the disease, prior to the development of fibrosis, 
although the small airways might already be obstructed 
by fibrosis when the PIBO diagnosis was made. Since 
the duration of inflammation following the development 
of PIBO is unknown, it is hard to know when the systemic 
steroid treatment should begin and end.8 The preferred 
approach is a pulse steroid treatment with intravenous 
methylprednisolone for 3 consecutive days in a dose of 
10–30 mg/kg. Consensus is that the treatment should be 
repeated every 3–6 months, as is the case with pediatric 
interstitial lung disease. Yalcin et al. gave prednisolone 
in a dose of 1 mg/kg/day in their patients as the initial 
dose. Treatment lasted between 6 and 27 months, and 
the steroid dose was decreased gradually 3 months after 
the initiation of treatment.58  

Macrolides  
The adverse effects of long-term systemic glucocorticoid 
and inhaled corticosteroid administration has led 
investigators to seek an alternative treatment for BO.59,60 
The anti-inflammatory and immunomodulator effects of 
macrolides have recently been noted, leading to their 
use in the treatment of BO following transplantation. 
Azithromycin is a macrolide-group antibiotic that has 
proven to be effective in the treatment of diffuse pan 
bronchiolitis and cystic fibrosis in prospective, double-
blind and placebo-controlled studies.61 Macrolide 
antibiotics are known to show immune modifying effects 
in addition to their antimicrobial roles, while Azithromycin 
was shown to improve FEV1 and to decrease mortality in 
patients with BO syndrome following lung transplantation 
in an extensive study in 2014 and a large scale randomized 
clinical study in 2015.62–64 The recommendation for the 
use of macrolides in the treatment of BO after lung 
transplantation is recommended for Grade IA and Grade 
2C stages of allograft rejection.65  

Leukotriene Receptor Antagonists  
The effectivity of leukotriene receptor antagonists is 
linked to their ability to inhibit airway inflammation.66 

Montelukast provided a high treatment efficacy in BO 
patients after transplantation.67 A recent study reported 
that a combination treatment including budesonide, 
montelukast and azithromycin improved pulmonary 
function and respiratory symptoms in children with PIBO 
aged <5 years. Concurring with this finding, Williams et al. 
reported that fluticasone, azithromycin and montelukast, 
alongside pulse steroid treatment, could halt the decrease 
in pulmonary functions in newly developed BO, and could 
lead to a decrease in systemic steroid exposure in most 
patients.68,69 In another study, concurring with the studies 
mentioned above, use of budesonide, azithromycin and 
montelukast in combination for at least 3 months was 
said to improve respiratory function and respiratory 
symptoms in children with PIBO.70 

Recently, treatment strategies have become more 
personalized. Systemic steroids or inhaled corticosteroids 
are recommended in all patients, although the route of 
steroid application should be chosen empirically, based 
on the severity of the case. In theory, no bronchodilator 

Table 3
Treatment of PIBO 

Anti-inflammatory therapy Supportive treatment
• Systemic steroid • Oxygen support
• Azithromycin • Nutritional support
• Combination therapy: FAM 

(fluticasone/azithromycin/
montelukast)

• Vaccination (influenza/
pneumococcus)

• Immunoglobulin therapy • Avoiding cigarette smoke
• Steroid sparing 

antiinflammatory agents
• Airway clearance if there is 

bronchiectasis

• Anti-TNF • Inhaler bronchodilator if 
response

• Exercise therapy/pulmonary 
rehabilitation
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response is expected in children with permanent airway 
obstructions such as in PIBO, however a positive 
bronchodilator response can be seen ranging from 
10% to 42.9%. Inhaled bronchodilators (short-acting 
ß-2) are recommended for all patients with pulmonary 
exacerbations and who are clinically responsive.71-73  

Oxygen support may also be used in addition to drug 
treatment, especially in the first few years of the disease, 
and clinical improvement can permit the cessation of 
supplementary oxygen completely in most cases. The 
requirement of supplementary oxygen at night is a 
source of concern, although significant desaturation is 
experienced only severe cases during sleep.74 

Nathan et al. reported increased pulmonary pressure 
in 42.3% of patients (PH) with BO following LT.75 Pate 
et al. reported that three out of four patients (75%) with 
BO were diagnosed with PH 91 days after HSCT.76 
Chen et al. reported that two out of the eight children 
with PIBO in their study had PH (25%), leading them 
to add sildenafil to the treatment protocol. Considering 
the association between BO and PH, patients with PIBO 
should be screened regularly for PH. Furthermore, since 
hypoxemia is present in both BO and PH, hypoxemia in 
patients with BO is typically due to worsening PH, and 
PH also worsens hypoxemia. 

GER has been reported to contribute significantly to 
the deterioration of respiratory function in patients with 
BO, making it mandatory to treat the condition when 
diagnosed. 

Other immunosuppressive agents, including 
methotrexate, azathioprine, cyclophosphamide, 
thalidomide, imatinib and etanercept, have been tested 
on patients with BOS following lung transplantation or 
HSCT. Although most studies are retrospective, case 
reports or case-controlled studies, the results are not 
promising, and no reports are found associated with the 
use of these drugs in children with PIBO.77–81 Recent 
case studies have reported that the administration of 
intravenous immunoglobulin alongside pulse steroid 
treatment or methylprednisolone in a dose of 1mg/kg as 
an effective treatment.82,83 Lung transplantation remains 
as the final option in children with BO following LT or 
HSCT that progresses to end-stage lung disease. In one 
hospital-based study, two of the 31 cases with diffuse 
lung disease other than cystic fibrosis and pulmonary 
vascular disease who underwent lung transplantations 
were patients with PIBO.84 Accordingly, LT should be 
considered in patients with PIBO in whom the disease 
has progressed to end-stage lung disease. 

Clinical progress 
Most patients require oxygen support for an average 
of 5 months following admission to hospital. Oxygen 
saturation improves slowly over several years, and only 
a few patients need additional oxygen support past the 
age of 10 years. Child patients require readmissions 
to hospital, although the frequency of admissions 
decreases over the years,21 with such readmissions 
being required mainly due to respiratory tract infections 
that require treatment with antibiotics, bronchodilators 
and physiotherapy.85  

Perfusion defects that are present at the outset of the 
disease continue in most patients but may resolve 
occasionally. The clinical improvements seen in such 
patients may be due to pulmonary enlargement, rather 
than being a sign of regression of a small airway 
pathology.86 
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