
REVIEW ARTICLE

Postinfectious bronchiolitis obliterans in children: the South American
contribution
Jose A. Castro-Rodriguez (jacastro17@hotmail.com)1, Veronica Giubergia2, Gilberto B. Fischer3, Claudio Casta~nos2, Edgar E. Sarria4, Ramiro Gonzalez5,
Rita Mattiello4, Luis E. Vega-Brice~no6, Patricia Murtagh2

1.Pulmonology Unit, Departments of Pediatrics, School of Medicine, Pontificia Universidad Cat�olica de Chile, Santiago, Chile
2.Pulmonology Department, Hospital de Pediatria Dr Juan P. Garrahan, Buenos Aires, Argentina
3.Department of Pediatrics, Universidade Federal de Ciencias da Saude, Porto Alegre, Brazil
4. Centro Infant- Instituto de Pesquisas Biom�edicas, Pontif�ıcia Universidade Cat�olica do Rio Grande do Sul, Porto Alegre, Brasil
5.Department of Pediatrics, Clinica Las Condes, Santiago, Chile
6.Department of Pediatrics, Clinica Alemana, Universidad del Desarrollo, Santiago, Chile

Keywords
Adenovirus, Bronchiolitis obliterans, Children,
Chronic lung disease, South America

Correspondence
Jose A. Castro-Rodriguez, MD, PhD, Lira 44, 1er.
Piso, casilla 114-D, Santiago, Chile.
Tel: +(56) 2 354 8189 |
Fax: +(56) 2 354 8122 |
Email: jacastro17@hotmail.com

Received
22 December 2013; revised 18 April 2014;
accepted 12 May 2014.

DOI:10.1111/apa.12689

ABSTRACT
Postinfectious bronchiolitis obliterans (PIBO) is an infrequent chronic lung that causes

irreversible obstruction and, or, obliteration of the smaller airways. This review particularly

focuses on more than 30 studies from South America.

Conclusion: The initial PIBO event occurs in the early years of life and is strongly associated

with adenovirus infection and the need for mechanical ventilator support. Treatment

requires a multidisciplinary strategy. Multicentre studies are needed to determine

progression, optimal management and long-term follow-up.

INTRODUCTION
Bronchiolitis obliterans is an infrequent form of chronic
lung disease leading to the obstruction and, or, obliteration
of the distal airways (1,2). These pathologic processes are
secondary to severe chemical, infectious or immunologic
insults, which lead to varying degrees of inflammation.
Bronchiolitis obliterans implies a chronic necrotising and
ultimately fibrosing and scarring process affecting the
distal airways, which results in their progressive oblitera-
tion with resultant obstructive lung disease (3). Bronchio-
litis obliterans is of special importance in paediatric
recipients of allogeneic bone marrow or lung transplanta-
tions (1). A recent study from Austria reported that 52.6%
of patients were found to be free from bronchiolitis
obliterans 5 years after a lung transplant (4). However,
bronchiolitis obliterans following a severe lung infection in
children, namely postinfectious bronchiolitis obliterans
(PIBO), has progressively been reported since the 1970s
(5–8).

Most reports of PIBO come from Australia (7), North
America (6,8), South America (9–12), Western and South
Eastern Europe (13), South Korea (8,14), Taiwan (15),
Malaysia (16) and New Zealand (17). In relation to South
American countries, a large number of cases have been
reported over the last two decades (9–12). Presently, the
Bronchiolitis Obliterans in Latin America (BOLAT) initia-
tive estimates that there are more than 700 cases of PIBO in
the region (18).

This paper reviews the relevant literature in respect to
epidemiology, risk factors, diagnosis, imaging, lung func-
tion, treatment and prognosis of PIBO, highlighting the
South American contribution.

AETIOLOGY AND EPIDEMIOLOGY
Although PIBO in children is considered a rare condition,
the prevalence found after severe viral lower respiratory
tract infection (LRTI), particularly to adenovirus (AV),
in young children is high. There have been reports of
PIBO secondary to measles, Mycoplasma pneumoniae,
influenza, parainfluenza, respiratory syncytial virus (RSV)

Key notes
� Postinfectious bronchiolitis obliterans (PIBO) is an

infrequent chronic lung that causes irreversible obstruc-
tion and, or, obliteration of the smaller airways and this
review particularly focuses on studies from South
America.

� The initial PIBO event occurs in the early years of life
and is strongly associated with adenovirus infection and
the need for mechanical ventilator support and multi-
disciplinary treatment.

� Multicentre studies are needed to determine progres-
sion, optimal management and long-term follow-up.
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and varicella (10,14,19). However, AV seems to be the
leading cause of PIBO worldwide, associated with high
mortality rate (8,9,11). Specific AV serotypes such as AV3,
AV7 and AV11 were the most commonly found in South
America (20); AV3 and AV7 were also common in the
Asian regions (21).

The first study, from 1984 to 1986, on the aetiology of
acute LRTI involving 1003 Argentinean preschoolers who
required hospitalisation showed that viruses were the main
cause, and after RSV, AV was the second most prevalent
pathogen (22). A collaborative study from Argentina, Chile
and Uruguay performed from 1984 to 1994, analysing 537
AV strains isolated from nasopharyngeal aspirates of chil-
dren reported that 63% of the strains belonged to the
subspecies B, 36% to C and 0.7% to E (AV4). The most
frequent and serious AV isolated variants in south cone of
South America were 7, 21 and 5 (20,23). This high
predominance of subspecies B has not been observed in
studies from other parts of the world (24,25).

A worldwide study reported that AV7 was the most
frequent serotype, isolated in 59% of cases. After using
restriction enzymes analysis, five different genomic variants
were identified: 7b, 7c, 7h, 7i and 7j. Both 7b and 7c were
similar to the variants already found in other areas (26). On
the other hand, AV7h, AV7i and AV7j were new genomic
variants reported from Argentina, undetected in any other
study (27).

AV7h was the most frequent serotype circulated in
Argentina, with 85% of all isolates representing this strain,
and has been associated with the most severe and fatal
cases. It circulated throughout an entire 10-year surveil-
lance period, from 1985 to 1995, becoming the predomi-
nant variant replacing the AV7c, which circulated until
1985. Even more, AV7h was the only serotype isolated in
the years 1988, 1990, 1993 and 1994, and it was last
detected in May 2005 (27). Subjects studied had positive
nasopharyngeal aspirates for AV by indirect immunofluo-
rescence using monoclonal antibodies directed against the
hexon protein, which has a sensitivity of only 65%.
Therefore, it is likely that the real frequency of AV in the
population of children with acute LRTI is underestimated.

In a study of more than 3000 Chilean infants hospitalised
due to acute LRTI, 12.6% were AV positive (28); the AV7h
strain was associated with more severe and fatal cases.
Studies from Chile and Argentina among infants hospita-
lised with LRTI due to AV reported a death rate up to 15%
and the development of PIBO up to 40% (9,11). There is a
high prevalence of viral infections in people of low socio-
economic status, because such condition is correlated with
poor sanitation, unhygienic practices, indoor smoking and
overcrowding, which probably contribute to the transmis-
sion of viral diseases, particularly AV. However, it has not
been clearly demonstrated that low socio-economic status
increased the risk of PIBO (29).

Immunological conditions of the host are also important
to consider. For example, a study carried out in Israel
demonstrated that serotypes of subgroup B of AV were
found to be approximately four times more prevalent

among immuno-compromised children than among healthy
ones (30).

Fortunately, the worldwide incidence of PIBO seems to
have been dropping since the beginning of the 21st century.
It is likely that changes in specific AV serotype circulation
might explain this decrease better than improvements in
socio-economic conditions. In other parts of the world, the
AV circulation is also changing. In South Korean, from
1990 to 2007, the most common serotypes were AV3 and
AV7 (31). Although AV7h outbreaks were more frequent in
the first years of the study period, the number of cases
progressively diminished, to the point of not identifying any
case over the last 2 years of surveillance. Conversely, AV3
became more prevalent with frequent outbreaks in Korea
and a stable number of cases in the second half of the study
period and the most severe cases of LRTI were due to
AV7h (14). Fortunately, at this point, no PIBO epidemic is
expected in our region. However, the study of the disease is
still relevant to many children and young people who carry
the consequences of PIBO.

RISK FACTORS
A case–control study involving 109 Argentinian children
who developed PIBO and 99 controls found that those with
AV infection were more likely to develop PIBO when
compared to other viruses, including RSV, influenza and
parainfluenza. In their multivariate logistic regression
analysis, AV infection and mechanical ventilation were
the strongest risk factors for developing PIBO (10). In a
prospective study of 45 hospitalised Chilean infants with
AV pneumonia followed for 5 years, those patients who
developed PIBO, identified by high-resolution computed
tomography of the chest, (HRCT-C) were more likely to be
admitted to intensive care, undergo mechanical ventilation
and need supplemental oxygen, systemic corticosteroids
and albuterol than those who were not developed PIBO. A
study from Argentina in 415 children hospitalised with AV-
positive LRTI reported that among those 150 who devel-
oped PIBO, the risk factors were hospitalisation for more
than 30 days, multifocal pneumonia and hypercapnia.
Independent risk factors for death in the acute stage of
disease were as follows: mechanical ventilation, multifocal
pneumonia, hypercapnia, coagulopathy, neurological symp-
toms and co-infection with measles (11).

Ethnic factors have also been suggested as a predisposing
factor. A preliminary report on genetic profiles found that
PIBO Argentinian patients had an increased frequency of
HLA-DR8-DQB1*0302 haplotype, which is frequent in the
Amerindian population (32). In contrast, in a study from
Porto Alegre, Brazil, 70% of the PIBO children followed up
were Caucasian (33). Other racial distributions may be
found according to local ethnic composition.

PATHOGENESIS AND HISTOPATHOLOGY
Characteristic histopathology lesion of PIBO is the pattern
of constrictive bronchiolitis, in which bronchiolar walls are
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partially or completely replaced by inflammation and
fibrosis leading to partial or total occlusion of the airway
lumen. Other common bronchiolar findings include mucus
stasis, airway distortion and dilation/bronchiectasis, and
inflammatory exudates (3). Even though factors such as
ischaemia, reperfusion and infection likely play a role in the
molecular and cellular changes observed in PIBO, the host
immunologic response might also contribute to the severity
of pulmonary infection as well as the subsequent develop-
ment of bronchiolitis obliterans.

A Chilean study showed that unlike RSV, AV infections
elicit an intense Th1 response during the infecting period
which is maintained while the virus is still present, leading
to an intense inflammatory response (34). Argentinean
patients with severe AV pneumonia have been shown to
have immune complexes containing AV antigen in the lung,
as well as increased serum levels of interleukin-6 (IL-6), IL-
8, and tumour necrosis factor-alpha (TNF-a) (35,36). A
study from Brazil has provided evidence that the patho-
genesis of childhood PIBO involves B and T lymphocytes
(37). CD3+ T cells were the cells most frequently found in
pulmonary biopsy tissue of patients with PIBO, with a
predominance of the CD8+ T cell subtype. CD8 cells can
activate alveolar epithelial cells to produce chemokines,
thereby increasing inflammation and contributing to the
perpetuation of injury in the lungs.

Studies, from Italy and Korea, evaluating bronchoalveo-
lar lavage (BAL) fluid of patients with PIBO have shown an
elevated percentage of neutrophils as well as a slight
increase in IL-8 concentration. Neutrophils products are
directly cytotoxic to endothelial and epithelial cells, and
these include proteolytic enzymes, such as elastase and
collagenase (38,39). Therefore, airway CD8+T cells as well
as neutrophils may play an important role in sustaining
peripheral airway damage and fibrotic remodeling after
severe infection.

It is not clear whether children with PIBO have persistent
small airway inflammation. It was postulated that viruses
can produce an abnormal immunologic setting for an
autoimmune-like response (37). Histopathological reports
have demonstrated signs of active and persistent inflamma-
tion in the small airways, even years after an episode of
acute pulmonary insult (38). Latent infection by AV could
stimulate connective-tissue growth and amplify the inflam-
matory process (37). Additional examination of the persis-
tence of AV-DNA in the lungs could further elucidate the
aetiology and highlight the pathogenic mechanisms of the
disease (40). Unfortunately, it is not clear why some types of
AV cause massive long-term damage, while other types or
other respiratory viruses with similar pathogenesis features
do not. More studies need to be performed to solve this
crucial issue.

Characteristic lesions of PIBO are patchily distributed
throughout both lungs without any definite pattern. There-
fore, open lung biopsy is not recommended due to the
difficulties in obtaining an adequate sample. Some believe
that the presence of inflammation identified by histologi-
cally or by BAL fluid suggests that PIBO is a progressive

disease. Recently, a Chilean study found evidence of a
significant increase in oxidative stress in the BAL fluid of
children with PIBO post-AV infection (40), which indicates
inflammatory activity as suggested in cellular studies.
Surprisingly, adequate antioxidant activity was also present
in BAL fluid, which indicates a counterbalance of the
oxidative effects. This would hint at the fact that the disease
is not progressive, as was recently describe in stabilisation
of lung function at adolescence period, personal communi-
cation. Moreover, a study revealed that lymphocyte pre-
dominance found in the BAL fluid of some PIBO patients
was different from post-transplant bronchiolitis obliterans
patients, which is well known to be progressive. In PIBO,
the CD3+ T cells predominate with the CD4/CD8 ratio in
the lower limit; while in post-transplant bronchiolitis
obliterans, the CD8+ T cells predominate, which are
capable of releasing toxic compounds (38).

CLINICAL MANIFESTATIONS AND PROGNOSIS
Postinfectious bronchiolitis obliterans is characterised by
the presence of signs and symptoms of severe and persistent
small airway obstruction; however, there are no specific
signs and symptoms of PIBO and a wide spectrum of
clinical manifestations can be observed in studies from
South America (9,11,40). The severity and extent of lung
lesions vary greatly, which may contribute to under diag-
nosis. However, despite ethnic and geographic differences,
there were similar clinical findings between Korean and
North American patients (8).

The clinical presentation of the initial infection depends
on the interaction between the host’s immunological status
and response, and the characteristics of the infecting
microorganism. The initial event is a severe acute bron-
chiolitis/pneumonia with severe tachypnea, cyanosis, respi-
ratory distress and multiorganic compromise, in children
under 3 years of age leading to high oxygen requirements,
admission to the intensive care unit and sometimes
mechanical ventilatory support (9–11). Progression to
PIBO may occur, with increasing dyspnoea, chronic
wheezing, cough and sputum production. Children may
have a dependence on the use of long-term ventilator or
oxygen treatment at home.

Wheezing, hypoxaemia and crackles can persist for
months to years. Another pattern is frequent wheezing
with symptom free intervals. Many patients progress to
recurrent pneumonia, recurrent or chronic atelectasis,
wheezing exacerbations and cor pulmonale, thoracic defor-
mity and clubbing (9,18,41). Pneumonia and secondary
bacterial infections contribute to the development of bron-
chiectasis that may become saccular. After 2–3 years, the
symptoms ameliorate and exacerbations are milder and less
frequent (42). At school age, exercise capacity is reduced
and respiratory muscle function impaired (43). In the most
severe cases, the symptoms persist into adolescence, with
chronic cough, bronchorrhea, wheezing and rarely a spon-
taneous pneumothorax. In some patients, lung function
may be severely reduced and oxygen therapy necessary,
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leading to a poor quality of life. These patients are
candidates for lung transplantation.

Mortality can be as high as 18% from acute AV infection,
but, once a diagnosis of PIBO is established, the mortality
rate is low (9,11). However, morbidity is high in cases of
frequent hospitalisations due to respiratory infections with
variable degrees of airway obstruction during the first 2
years of age (16). There is a relative improvement in terms
of frequency and intensity of these exacerbations in
subsequent years, although without an improvement in
lung function and radiological status (41). Proposed expla-
nations include ongoing alveolarisation of lung areas
unaffected by the initial injury and overall airway growth
with increased lumen area.

Health-related quality of life data from patients revealed
scores comparable to healthy peers, suggesting that children
with PIBO may cope well with the disease (44). As in most
chronic lung diseases, a more rapid decline of lung function
in PIBO patients compared with healthy adults should be
expected. An Italian study described a decline in forced
expiratory volume in one second (FEV1) of 1% per year in
children which correlated well with the inflammatory
profile found in the BAL fluid (38). In contrast, imaging
studies from Japan suggest that there is a clear progression
of the lesions only during the first 3 months after the initial
insult without signs of subsequent deterioration in the
following 2 years (45). A study carried out in Brazilian and
Chilean children with PIBO reported that those with the
severest imaging findings in HRCT obtained within the first
2 years of the acute event had worse lung function a decade
later (46). This suggests that those who show a functional
decline are the ones with more severe forms of the disease,
and whose progression could also be explained by their
inherent co-morbidities and complications, such as bron-
chiectasis or lobar collapse (41).

DIAGNOSIS AND FOLLOW-UP
Histological examination of adequate lung biopsy remains
the most accurate method to diagnose PIBO (1–3).
However, transbronchial biopsy often results in a small
sample size, with a decreased likelihood of obtaining
adequate numbers of small airways for examination, and
is not considered risk-free. Therefore, the technique is not
regarded as very useful for diagnosis. On the other hand,
open lung biopsy has higher morbidity and complication
rates (41). In difficult cases or unusual presentations, it
must, however, be considered as a diagnostic tool. The
search for less invasive methods to diagnose PIBO
constitutes one of the major challenges faced by clinicians
caring for patients at risk. The clinical instability of
patients increases the risk of lung biopsy complications,
and the patchy distribution of the lesions makes adequate
sampling challenging. Therefore, the diagnostic pathway
combines clinical and imaging criteria, particularly
HRCT-C, with laboratory testing for virus identification,
as well as ruling out other forms of chronic lung disease
(12,18).

A clinical prediction index to diagnose PIBO was
recently published (48). Its development, however, was
based only on the study of patients with severe forms of the
disease. Therefore, validation of the index in other centres
as well as in patients with less severe forms of the disease is
necessary. A different criterion, drawn from the consensus
of expert opinions, is commonly used for diagnosis, Table 1,
(18).

Imaging
There are no pathognomonic imaging features of PIBO, but
radiology plays an important role in diagnosis and fol-
low-up. The three commonly used imaging methods are
HRCT-C, conventional chest radiographs (CXR) and lung
ventilation/perfusion (V/Q) scans. HRCT-C is the most
sensitive of the three, identifying parenchymal and airway
abnormalities in large and small airways (49,50). The most
characteristic tomographic finding in PIBO is a mosaic
pattern of lung attenuation, with reduced vascularity in the
lucent areas due to abnormal ventilation, air trapping and
secondary hypoxic vasoconstriction, Fig. 1A,B. Other
tomographic findings include bronchiectasis, air trapping,
bronchial wall thickening, atelectasis and mucus plugging
(18). Compared with CXR or V/Q scans, a critical limita-
tion of HRCT-C is the radiation exposure. Lower dose
protocols are increasingly used, but the safety of even these
levels of radiation is not completely certain. New equip-
ment and imaging methods have been developed and could
be used in PIBO cases for both diagnosis and follow-up.
The combined use of Xenon or Helium-3 in HRCT-C and
magnetic resonance studies are two examples where good
quality images as well as functional information can be
obtained with low or no radiation exposure (51).

Table 1 Criteria used to approach diagnosis of postinfectious bronchiolitis
obliterans in children
1. History of an acute and severe bronchiolitis/viral pneumonia in

previously healthy children in the first 3 years of life, especially if

treated in intensive care unit, prolonged hospitalisation or ventilated

2. Evidence of persistent airway obstruction after the acute event, identified

either by physical examination, especially long-term crackles. Lung function

tests will show airway obstruction that is unresponsive to bronchodilators

or only partially reactive along time. If there remain some doubts to the

diagnosis, a 2-week course of systemic corticosteroids and inhaled

albuterol may be tried

3. Chest radiograph findings of obstructive lung disease such as

hyperinflation, atelectasis, airway thickening and bronchiectasis

4. Mosaic pattern, bronchiectasis and air trapping in chest computed

tomography, especially if unresponsive to position change or between

inspiratory and expiratory exposition

5. Exclusion of other chronic progressive lung diseases might be relevant in

some cases and clinicians must rethink the diagnosis periodically.

Differential diagnosis includes the following: tuberculosis, cystic fibrosis,

bronchopulmonary dysplasia, immunodeficiencies, problematic severe

asthma and alpha-1-antitrypsin deficiency. Most of these may be

suspected on a clinical basis
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Chest radiographs is the primary imaging modality used
in PIBO. The most common findings are peri-bronchial
thickening and air trapping. Air trapping may be general-
ised or localised; straight diaphragms and retrosternal air
are also indirect signs of air trapping, Fig. 2A. Atelectasis
and bronchiectasis may also be present (7). CXR are
commonly used in the follow-up of children with PIBO
on as-needed basis to confirm or exclude complications
during exacerbations such as focal infections or atelectasis
or to monitor the evolution of existing lung sequelae. V/Q
scans provide the overall distribution pattern of the com-
promised areas of the lung. Matched V/Q defects are seen,
which can have a segmental, subsegmental or lobar distri-

bution, Fig. 2B. Although V/Q scans are more accurate
than CXR, but less than HRCT-C in detecting impaired
areas, they are not considered to be a good diagnostic tool
(48).

Pulmonary function testings
Pulmonary function testing (PFT) is an important tool for
the overall diagnosis as well as the follow-up of paediatric
patients with PIBO. Where infant pulmonary function
laboratories are available, test like rapid thoracic compres-
sion techniques should be performed as soon as the infant’s
clinical status allows it; unfortunately, those laboratories
are few in Latin America. It is important to emphasise that
these children are sick and often hypoxic; therefore, the
mandatory sedation of the infant may be risky. Typically,
infants have a severe and fixed airflow obstruction,
decreased compliance and increased resistance with little
if any response to albuterol (52). This impairment seems to
persist unchanged during the first 2 years of life. In the
preschool years, lung function seems to follow the clinical
course, with a slow improvement in the obstructive

A

B

Figure 1 (A) High-resolution computed tomography of the chest in a 7-year-
old boy with postinfectious bronchiolitis obliterans (PIBO). Note the presence of
minor bronchiectasis and the mosaic pattern of lung attenuation. (B) High-
resolution computed tomography of the chest in a 3-year-old boy with PIBO.
Note the severe presence of bronchiectasis, air trapping, bronchial wall
thickening, atelectasis and mucus plugging in both lungs.

A

B

Figure 2 (A) Chest X-ray in 12-year-old child with postinfectious bronchiolitis
obliterans (PIBO). Note the peri-bronchial thickening and air trapping. (B) Scan
ventilation/perfusion (V/Q) in 4-year-old child with PIBO. Note the severe
mismatch V/Q and exclusion of the left lung.
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component, probably due to lung and thoracic wall devel-
opment.

A recent study in Brazilian and Chilean children showed
no differences in z-scores for forced vital capacity (FVC),
but an increase in two z-scores for expiratory flow at 25–
75% of the forced vital capacity (FEF25–75) over time (12).
However, significant lung function impairment is one of the
hallmarks of the disease, directly associated with the degree
of damage to the small airways. Studies from South
America, Portugal and Korea have shown that, although
there may be a differences regarding racial background and
viral serotypes, PIBO is an obstructive lung disease
characterised by mild to moderate reduction in FVC and
significant reduction FEV1, FEV1/FVC and FEF25–75

(12,21,53,54). It is worth mentioning that FEF25–75 showed
the most severe reduction. The reduction in FVC should not
be assumed to be an indication of restriction; it is an effect
of the dramatic obstruction present in PIBO cases, Fig. 3.

Plethysmography supports spirometry and imaging, dem-
onstrating significant increases in lung volumes and airway
resistance, both a characteristic of obstruction. Increased
residual volume and total lung capacity (TLC) are consis-
tent with air trapping and hyperinflation (12,21). When
patients become adults, hyperinflation might be more
frequent due to changes in the mechanical properties of
the lungs.

The forced oscillation technique, or one of its variants, is
a practical alternative to measure airway resistance, even in
small children. In a Chilean study, children with PIBO and
a mean age of 5.6 showed a significant increase in resistance
in the IOS (9), similar to their older counterparts using
plethysmography. Some debate exists regarding the
bronchodilator response to be expected in cases of PIBO,
which may vary from case to case (9,12,41,55). The
response, however, will never be complete, because the
histological hallmark demonstrates irreversible obstructive
changes in PIBO (3).

Cardiovascular assessment
Most children and adolescents with PIBO participate in
normal activities with their peers, including physical activ-
ities. This, however, does not mean that formal exercise
testing will produce normal results. A study in Brazilian
children and adolescents showed a reduced exercise capac-
ity in 6-min walk testing (6MWT) and cardio-pulmonary
exercise testing (CPET) (43). Distance walked during the
6MWT and peak oxygen consumption estimated during
CPET was significantly reduced compared with healthy
peers. Not surprisingly, lower CPET but not 6MWT corre-
lated well with lower FEV1 and higher residual volume
(RV)/TLC. When available, CPET should be performed
periodically during follow-up. Even though the 6MWT is a
low cost test, it should not be considered a full substitute of
CPET, and only could be an alternative for institutions
lacking of CPET (47). However, the question of how these
tests could change the management of PIBO is a matter of
further investigation.

TREATMENT
Recently, Chilean guidelines for diagnosis and management
involving a multidisciplinary approach were published (56).
Data on the treatment are scarce, and thus, therapeutic
decisions may not be based on evidence (57). All treatments
need to be supportive and several different aspects of the
disease should be managed. Successful approaches to other
chronic lung diseases have been tried, including treatment
by a multidisciplinary team. General preventive measures,
such as vaccination against Streptococcus pneumoniae and
influenza and avoidance of exposure to active or passive
smoking, should be adopted.

After the initial injury, many patients may develop
respiratory failure and require oxygen therapy for periods
of at least four to 6 months. Oxygen saturation should be
above 94% at all times and the fraction of inspired oxygen
titrated to maintain this saturation can be obtained through
portable oxygen concentrators. Clinical improvement leads
to complete weaning from oxygen in most cases. In an
Argentinian study, 87% of 117 patients who developed
PIBO required oxygen supplementation after discharge for
a median period of 33 months (11). Saturation should be
measured at different times during the day and overnight
during sleep. Pulses of systemic corticosteroids in the initial
injury have been used in some centres. However, this
treatment needs to be test in randomised trials.

Patients with PIBO usually develop bronchiectasis.
Accordingly, respiratory physical therapy for the mobilisa-
tion of secretions to minimise chronic inflammation of the
airway and to decrease recurrent infections is necessary.
Antibiotics are likely required in most exacerbations.
Considering the chronic bronchial obstruction essentially
fixed the cardinal feature of the disease, the utility of
albuterol is little. However, some children are more
responsive than others (9,21). Corticosteroids are fre-
quently used in clinical practice. However, their use for
the treatment of PIBO is controversial because no clinical

Figure 3 Spirometry findings of a 10-year-old child with postinfectious
bronchiolitis obliterans (with Dr. Fischer’s permission).
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studies have confirmed their efficacy. Clinical improvement
and reduction in symptoms have sometimes but not always
been reported. Some children are more responsive than
others and have some degree of bronchial hyper-reactivity.
A study carried out in Portugal showed that PIBO and
problematic severe asthma had identifiable characteristic
features, but overlapping values may turn them undistin-
guishable (52). Macrolides have been postulated as a
possible treatment because of their anti-inflammatory and
immune-modulatory effects. A recent Argentinean trial
showed no significant differences in lung function or
number of pulmonary exacerbations between azithromycin
and placebo during 6 months of treatment (58). New
biological treatments such as anti-TNF-alpha need to be
tested (19).

Pulmonary rehabilitation may have a role in improving
overall respiratorymuscle function; further studies using this
approach are necessary. Lung transplantation is indicated in
patients with severe forms of the disease (extremely impaired
pulmonary function tests and oxygen dependency).

A nutritional plan should be developed by analogy with
other chronic obstructive pulmonary diseases. Moderate
and severe forms of PIBO warrant referral to a nutritionist
to help the child achieve the best possible physical growth.
Adequate nutritional support should compensate for the
greater caloric requirement resulting from increased respi-
ratory work. There are few studies in the literature stressing
the specific importance of nutritional care in PIBO (33).
Another possible consideration is depletion of vitamin D
due to PIBO. There are recent studies showing associations
between vitamin D levels and chronic respiratory condi-
tions (59). However, no studies on vitamin D depletion
involving PIBO have yet been published.

A prospective study to assess the nutritional status of 28
Brazilian children and adolescents with PIBO demon-
strated that 43% had malnutrition or were at risk of
malnutrition (33). Muscle bulk measured by muscular
circumference was low in 61% patients. And there was a
negative correlation between results in the 6MWT and
findings of malnutrition and low muscle reserve. Pubertal
status must be taken into account. Fat distribution and
muscle bulk must also be evaluated.

FUTURE DIRECTIONS
Identification and treatment of patients with PIBO may be
facilitated using a new validated clinical score that consid-
ered the whole spectrum of the disease. As the number of
study participants is usually small, multicentre studies
should be conducted to better understand issues such as
the inflammation process associated with the disease,
different risk factors or the best treatment approaches.
The treatment requires a multidisciplinary strategy and a
multicentre approach to address the challenges in terms of
defining the molecular pathology, improving care and
optimising long-term outcome. Considering the use of
new biological treatments is important. Pulmonary lung
rehabilitation and nutritional programmes for children and

young adults who have sequels due to PIBO are mandatory.
It is also possible that using experience drawn from
treatments in post-transplant bronchiolitis obliterans will
help children with PIBO.

CONCLUSION
Postinfectious bronchiolitis obliterans is an infrequent
chronic lung disease secondary to a severe viral infection
with irreversible obstruction and, or, obliteration of the
smaller airways. The initial event occurs in early years of life
and is strongly associated with AV infection and the need
for mechanical ventilatory support. The diagnosis is
reached through a combination of clinical, radiological
and laboratory data. Treatment requires a multidisciplinary
strategy. Despite the South American experience and
contribution with more than 30 published papers described
in Table S1, providing important clue to the understanding
of PIBO, more multicentre studies are needed to determine
disease progression, optimal treatment and ensuring best
practice in long-term follow-up, including the transition to
adult clinics.
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Additional Supporting Information may be found in the
online version of this article:

Table S1 List of South Americans’ relevant publications.
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