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Abstract. The aim of the present study was to outline any 
predisposing factors and clinical and radiological features of 
post‑infectious bronchiolitis obliterans (PIBO) in pediatric 
patients, and to determine the effect of long‑term azithro-
mycin treatment on these factors. In total, 16 cases of children 
with PIBO were retrospectively reviewed. Adenovirus and 
Mycoplasma  pneumoniae were the most common etio-
logical agents (12/16) in the children with PIBO. The patients 
presented with persistent dyspnea, a chronic cough, sputum 
production and wheezing following the initial lung infection. 
Chest X‑rays indicated pulmonary overinflation and patchy 
ground‑glass opacity. In addition, high‑resolution computed 
tomography (HRCT) scans revealed patchy ground‑glass 
opacity, bronchiectasis, bronchial wall thickening and mosaic 
perfusion in all 16 cases. A unilateral hyperlucent lung was 
observed in two cases. All the patients underwent treatment 
with low‑dose azithromycin and prednisone. Follow‑up 
examinations of the 16 cases, varying in duration between 
7 and 31  months, showed that the disease condition had 
improved in 10 cases. However, no significant improvements 
were identified from the HRCT scans or were observed in the 
patient condition in the additional six cases. The diagnosis of 
BO is primarily based on a typical clinical presentation and 
HRCT observations. Therefore, a typical clinical history and 
patchy ground‑glass opacity features on HRCT scans are 
screening indices that predict BO development. Steroids are 
the cornerstone of BO treatment; however, long‑term azithro-
mycin treatment can improve the condition of the patients. In 
summary, PIBO is a disease with a high morbidity rate and 
should be treated by a multidisciplinary team. Patients should 
receive follow‑up examination for an extended period. Patchy 
ground‑glass opacity features on HRCT scans indicate that 

clinical suspicion of BO is necessary in children with persis-
tent and severe wheezing.

Introduction

Bronchiolitis obliterans (BO) is an inflammatory disease 
of the small airways that is caused by an insult to the lower 
respiratory tract. The presence of inflammation and fibrosis of 
the terminal and respiratory bronchioles leads to a narrowing 
or full obliteration of the airway lumen, and subsequently to 
the chronic obstruction of airflow. BO is characterized by the 
presence of intraluminal granulation tissue in the airways or 
peribronchial fibrosis and lumen narrowing, resulting in scar-
ring and obstruction (1).

BO is diagnosed according to a variety of factors, 
including the history of insult to the lower respiratory tract 
(usually caused by infection), persistent symptoms that do 
not respond to the administration of bronchodilators for two 
weeks, computed tomographic (CT) findings and the exclu-
sion of other diseases (2). However, BO is often undiagnosed 
or misdiagnosed as other childhood lung diseases, such as 
wheezing syndromes.

Epidemiological factors, treatment and disease prognosis 
should be clearly defined in order to reduce the morbidity and 
mortality rates of the disease. The aim of the present study 
was to describe the clinical and radiological findings, and the 
treatment protocols, during the follow‑up of patients with BO 
in the Pediatric Department of the Second Hospital of Tianjin 
Medical University (Tianjin, China).

Increasing evidence has demonstrated that macrolide 
antibiotics exert immune‑modifying properties, in addition 
to their role as antimicrobials  (3). Azithromycin has been 
reported to be effective for long‑term use in the treatment of 
several chronic conditions, including mycobacterial diseases, 
cystic fibrosis and asthma (4). A previous study demonstrated 
that following three months of treatment with azithromycin, 
airway neutrophilia was shown to decrease in patients with 
BO syndrome (BOS) that had undergone a lung transplanta-
tion (5). Therefore, long‑term low‑dose azithromycin therapy 
may offer a novel, safe therapy for patients with BOS who 
have undergone a lung transplantation. To the best of our 
knowledge, the present study was the first long‑term study 
investigating azithromycin treatment for patients with 
post‑infectious BO (PIBO).
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Subjects and methods

Subjects. This retrospective study reviewed the clinical 
records of children diagnosed with PIBO at the Second 
Hospital of Tianjin Medical University between August 2010 
and March 2013. Patient gender, age at diagnosis, imaging 
features, etiology, clinical course, treatment and prognosis 
were analyzed. The current study was conducted in accordance 
with the Declaration of Helsinki and with approval from the 
Ethics Committee of the Second Hospital of Tianjin Medical 
University. Written informed consent was obtained from the 
parents/guardians of the participants.

Clinical criteria. The clinical criteria for a diagnosis of 
PIBO were as follows (6): i) Persistent dyspnea for >6 weeks 
following an acute infection or acute lung injury; ii) unre-
solved wheezing or a cough with no reaction to bronchiectasis 
agents; iii) respiratory symptoms that were severely dispropor-
tionate to the chest X‑ray findings; iv) bronchial wall thickening, 
bronchiectasis, pulmonary atelectasis or mosaic perfusion, 
as observed on a pulmonary high‑resolution CT (HRCT) 
scan; v) obstructive ventilatory disorder observed using lung 
function tests; vi) unilateral hyperlucent lung observed via 
a chest radiography examination; and vii) exclusion of other 
obstructive pulmonary pathologies, such as asthma, primary 
ciliary dyskinesia syndrome, immune deficiency or pancreatic 
fibrocystic changes.

Results

Clinical features. A total of 16  children with PIBO were 
identified. All 16 cases occurred following moderate‑severe 
pneumonia. Table  I presents the clinical features of the 
patients with PIBO. Of the 16 cases, 13 were male and three 
were female. The median age of the patients was 20.0 months, 
and ranged between 3.0 months and 6.0 years. The mean 
hospital stay was 28.25 days (range, 15‑57 days). The initial 
clinical manifestations were repeated coughing, wheezing and 
tachypnea following a respiratory infection. The 16 patients 
exhibited varying degrees of tachypnea; moist rales and 
wheezing were heard in the lung field. A severe cough and 
wheezing were observed in 12 patients at the time of admis-
sion. In addition, 14 patients had a high fever, and six patients 
had a transcutaneous blood oxygen saturation of 86‑91%. The 
children had no family history of asthma. The disease course 
varied between 7 and 31 months.

Etiological agents. The initial event that led to BO in the 
majority of the children was pneumonia. The causal agent in 
13 of the cases was identified using an immunofluorescence 
detection kit (Thermo Fisher Scientific, Waltham, MA, USA) 
on nasal‑pharynx secretions at initial events or by determining 
specific serum antibodies during the later stages of the 
disease using a Mycoplasma pneumoniae antibody ELISA 
kit (Shanghai Tong Wei Industrial Co., Ltd.). The causal 
agent in three cases remained unknown. Adenovirus and 
Mycoplasma pneumoniae were the most common etiological 
agents (12/16), with six cases caused by adenovirus, six cases 
associated with Mycoplasma pneumoniae, and one case asso-
ciated with Epstein‑Barr virus.

Imaging findings. Chest X‑rays, performed using a SOMATOM 
Definition 64 CT scanner (Siemens Healthcare, Erlangen, 
Germany), revealed that 12 patients had excessive ventilation 
and 10 patients exhibited patchy ground‑glass opacity. The 
HRCT scans showed patchy ground‑glass opacity and mosaic 
perfusion in all 16 cases; bronchial wall thickening and bron-
chiectasis were observed in eight cases; pulmonary atelectasis 
was noted in two cases; and a unilateral hyperlucent lung was 
observed in two cases (typical cases are shown in Figs. 1 and 
2). Lung perfusion scans were performed in two patients and 
revealed segmental perfusion defects, which correlated with 
the abnormalities observed on the chest radiographs.

Treatment following discharge. When discharged, the patients 
received supportive treatment, which included inhaled bron-
chodilators, chest physiotherapy and empiric antibiotics when 
required for acute respiratory infections. Systemic cortico-
steroid therapy (prednisolone, 1 mg/kg/day; Tianjin Lisheng 
Pharmaceutical Co., Ltd., Tianjin, China) and azithromycin 
(7.5 mg/kg, twice weekly; Hisun‑Pfizer Pharmaceuticals Ltd., 
Shanghai, China) were used administered to all 16 patients 
with a dose reduction of 1.25 mg/month. The treatment period 
for azithromycin and prednisone therapy ranged between 6 and 
27 months, and the patients underwent follow‑up examinations 
for various time periods, ranging between 7 and 31 months. 
Clinical symptoms and HRCT observations were significantly 
improved in 10 cases, whereas the HRCT features and patient 
condition showed no significant improvement in four cases. 
Six months after discharge, the clinical symptoms became 
more serious in two patients, who discontinued the prednisone 
therapy; HRCT scans revealed a unilateral hyperlucent lung.

Discussion

BO is a chronic obstruction of the airflow associated with 
inflammatory lesions of the small airways (1). The condi-
tion is divided into two types depending on the basis of the 
histological features, namely proliferative bronchiolitis and 
obstructive or constrictive bronchiolitis. The latter form is 
predominant  (7). Constrictive bronchiolitis has a range of 
morphological abnormalities, from bronchiolar to peribron-
chiolar inflammation, and the condition can lead to complete 
obstruction of the bronchioles through submucosal fibrosis (8).

The clinical manifestations of BO are usually continuous 
or repeated coughing and wheezing, and a poor exercise 
tolerance. Distinguishing BO from ordinary bronchiolitis or 
viral pneumonia through observation of the symptoms is chal-
lenging; however, delaying treatment may result in aggravated 
respiratory tract infections or even mortality due to respiratory 
failure in a period of one to two years (2).

BO has a number of causes, including infection, connective 
tissue disorders, bone marrow or lung transplantation and severe 
mucocutaneous allergic disorders, such as Stevens‑Johnson 
syndrome, or the inhalation of toxic substances  (9‑11). 
BO following a severe infectious lung disease is the most 
common form reported in children (12). The causal agents 
of BO include adenovirus, influenza virus, measles virus and 
Mycoplasma pneumoniae  (13). Adenovirus is the leading 
infectious cause of BO worldwide (14). In the present study, 
37.5% of patients (6/16) were infected with adenovirus. An 
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additional major infectious agent is Mycoplasma pneumoniae, 
which accounted for 37.5% of patients in the present study. 
The increased percentage of cases with Mycoplasma pneu-
moniae as a causal agent may be associated with the increased 
incidence of Mycoplasma pneumonia in China.

Respiratory signs and symptoms of acute viral bronchiolitis 
disappear within a few days. Therefore, in children with acute 
lower respiratory tract infections, BO must be considered if 
wheezing and respiratory distress do not resolve within the 
expected time frame, particularly in those with severe adeno-
virus infections. Further diagnosis is imperative (15).

With regard to diagnosis, PIBO has no specific signs and 
symptoms. Ideally, the diagnosis requires histopathological 
confirmation; however, the irregular distribution of the lesions 
results in sample collection being challenging (16). Therefore, 
clinical and imaging criteria are combined with laboratory tests 
for agent identification and to eliminate other forms of chronic 
lung disease. Imaging techniques, particularly HRCT, play an 
important role in the diagnosis of PIBO (17,18). A number of 
characteristics are observed on PIBO‑positive HRCT scans, 
including patchy ground‑glass opacity, air retention, bron-
chial wall thickening, bronchiectasis, mosaic perfusion and a 
unilateral hyperlucent lung (19). Air retention syndrome has 
the highest sensitivity and accuracy in the diagnosis of BO. 

Leung et al (20) reported that the sensitivity of air retention 
syndrome in HRCT was 91%, with a specificity of 80% and an 
accuracy of 86%. The expiratory phase of respiration is impor-
tant in diagnosing air retention, particularly in less severe 
cases where the inspiratory phase may miss or underestimate 
this important characteristic  (21). Acquiring scans of the 
two respiratory phases may be a challenge in uncooperative 
pediatric patients; therefore, more attention should be paid to 
ground‑glass opacity features. In the current study, the HRCT 
results from 10 patients revealed ground‑glass opacity.

In the study by Colom and Teper (22), the following scoring 
method was proposed: Typical medical history (4 points); 
adenovirus infection (3 points) and HRCT showing mosaic 
perfusion syndrome (4 points). A score of >7 points indicated 
a diagnosis of BO, with a specificity of 100% and a sensitivity 
of 67%.

PIBO is a rare disease, which has limited the opportunity 
for proper randomized clinical trials focused on its treatment; 
thus, therapeutic decisions are empirically based (23,24). The 
drug treatments for PIBO include: i) Oral or inhaled corti-
costeroids aimed at reducing the inflammatory component; 
ii) hydroxychloroquine and high‑dose pulses of methylpred-
nisolone for treating severe or prolonged obstruction; iii) short 
and long‑acting bronchodilators or inhaled anticholinergic 

Figure 1. Images of case 1, a two‑year‑old male patient, were captured at the 6‑month follow‑up. (A) and (B) display the same CT scan. High‑resolution 
computed tomography scans show areas of consolidation in the left lung field and mosaic ground‑glass patterns with air trapping in the right lung. Note the 
small size of the left lung (unilateral hyperlucent lung, Swyer‑James syndrome).

Figure 2. Images of case 2, a one‑year‑old male patient, were captured at the 15‑month follow‑up. (A) and (B) display the same CT scan. High‑resolution 
computed tomography images show the small size of the left lung and bilateral mosaic ground‑glass patterns with air trapping. The images show the collapse 
of the left lung with atelectasis and consolidation.
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agents for cases of symptomatic wheezing; and iv) antibiotics, 
orally or intravenously administered, for the treatment of 
patients with frequent infections (25).

Oxygen supplementation may also be used in addition to 
drug treatment, particularly during the first few years of the 
disease. In the majority of cases, subsequent clinical improve-
ment leads to the complete weaning off of oxygen. The 
requirement for supplemental oxygen at night is a concern; 
however, only in severe cases have patients demonstrated 
significant desaturation during sleep (26).

Although inflammation plays a prominent role in the 
pathogenesis of BO, the use of corticosteroid drug treatment 
remains controversial due to the side effects. Certain studies 
have suggested that steroids may slow down the progression of 
bronchiole fibrosis (27). In the current study, the patients were 
administered an initial dose of prednisone of 1 mg/kg/day. The 
dose was gradually reduced after 3 months, with the overall 
course duration varying between 6 and 27 months, or longer. 
A previous study used steroid therapy, for a period ranging 
between 1  and 60 months, in children receiving different 
BO treatments, including bronchodilators, azithromycin and 
oxygen therapy (28). Among these patients, >80% exhibited 
rapid improvement in disease symptoms when medicated 
using steroids.

Azithromycin is a macrolide antibiotic that has been 
demonstrated in prospective, double‑blind, placebo‑controlled 
trials to be effective for the treatment of diffuse panbronchiol-
itis and cystic fibrosis. The efficacy of azithromycin has been 
hypothesized to be a result of its anti‑inflammatory effects (29).

In addition, a previous study in patients with BOS 
following a lung transplant have demonstrated an improve-
ment in the forced expiratory volume in 1 sec following a 
prolonged course of oral azithromycin (250 mg three times per 
week) (30). Although no previous studies have been performed 
with azithromycin in children with PIBO, oral azithromycin 
should be considered as a therapeutic option for these patients 
due to the efficacy demonstrated in the present study.

In conclusion, the results of the current study indicate that 
a typical clinical history and patchy ground‑glass opacity 
features on HRCT scans can be used as screening indices to 
predict BO development. Steroid therapy is the cornerstone of 
BO treatment; however, azithromycin is also indispensable in 
the treatment of this disease.
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