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Background: Plastic bronchitis (PB) is a rare and severe lung disease. It can be triggered by influenza virus infection, which is
a common respiratory infection in children. Bronchoscopy can aid in the early detection and treatment of PB. However, the outcomes
and risk for PB development in pediatric patients with influenza virus infection are not fully understood.

Methods: Data from 321 children diagnosed with influenza virus pneumonia who underwent bronchoscopy examinations between 1st
January, 2009 and 31st December, 2020 were retrospectively analyzed to assess the outcomes and risk factors associated with PB
development.

Results: This study included 97 girls and 224 boys with influenza virus pneumonia with a median age of 42 months. Among them, 36
patients (11.2%) were categorized as having PB based on bronchoscopy findings. PB patients had significantly longer fever durations
(»=0.010) and higher risks of developing severe conditions including respiratory failure (p<0.001), acute respiratory distress syndrome
(»<0.001), and air-leak syndrome (»p<0.001) compared to non-PB patients. Conventional treatment including the use of neuraminidase
inhibitors and antibiotics did not differ between the PB and non-PB patients, but PB patients required more anti-inflammatory
treatment (p=0.019) and ventilator support (p<0.001). Combined univariate and multivariate analyses suggested that radiographic
findings, including mediastinal emphysema (p=0.012) and lung consolidation (p=0.012), as well as increased levels of neutrophils
(»=0.026), aspartate aminotransferase (p=0.004), and lactate dehydrogenase (p<0.001), were identified as risk factors for PB
development in patients with influenza virus pneumonia. Although PB patients required more intensive care and had longer hospital
stays, they all recovered well after treatment.

Conclusion: Influenza virus infection is linked to PB development in children. Identifying risk factors and early intervention such as
bronchoscopy can improve the prognosis of children with PB.
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Introduction

Plastic bronchitis (PB), also known as cast bronchitis, is a rare lung disease characterized by the formation of thick or
gummy casts in the endobronchial system, causing partial or complete airway obstruction, resulting in severe respiratory
distress and life-threatening respiratory and circulatory complications. In children, PB can occur at any age but is more
prevalent in children aged 2 to 12 years." The number of patients diagnosed with PB has increased in the recent years,
probably because there are more and more methods to identify PB such as the use of bronchoscopy. The common
symptoms of PB include coughing, wheezing, and shortness of breath. The etiology of PB remains unclear, however, it
has been linked to respiratory infections caused by Mycoplasma pneumoniae, influenza virus (Inf-V), adenovirus, and
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other non-infectious conditions such as lymphatic disorders, congenital heart diseases, severe asthma, cystic fibrosis,
sickle cell anemia, and smoking®® in both adults and children. Recent studies have suggested three possible mechanisms
for PB development: airway inflammation leading to increased mucus secretion;’ various infections leading to necrotic
detachment of respiratory epithelial cells and mucosal edema; and leakage of lymphatic fluid from the airways.”””
However, the exact mechanism and pathophysiology of PB remain unclear.

INF-V infection plays an important role in PB pathogenesis.'® Patients with influenza pneumonia have high morbidity
and mortality influenza pneumonia and the severity of pneumonia may be related to PB development.'®'* A study from
Japan identified PB patients within 66 patients that were hospitalized with influenza virus associated lower respiratory
tract infections.'> However, the exact rate of PB in pediatric patients with influenza pneumonia remains uncertain
because most studies were reports with sporadic cases or a series of small number of cases and lack systematic summary
of their clinical features. Furthermore, it is also important for clinicians to identify PB early for prompt treatment to avoid
devastating outcomes. In this study, we retrospectively analyzed 321 children with INF-V pneumonia who underwent
bronchoscopy examination and compared the differences in clinical features and outcomes between patients with and
without PB.

Patients and Methods

Patients

We reviewed and analyzed the clinical data, including patient characteristics, medical history, clinical manifestations,
laboratory and radiological evaluations, treatment and outcomes, of 321 patients aged between 1 month and 16 years of
age who were hospitalized and diagnosed with severe INF-V pneumonia and underwent bronchoscopy examination at
Shenzhen Children’s Hospital between 1st January, 2009 and 31st December, 2020. This study was conducted in
accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Shenzhen Children’s
Hospital. Written consent was obtained from the patient’s parents or legal guardians.

Diagnostic Criteria and Treatment

INF-V infection was confirmed by the detection of the influenza A and/or influenza B in nasopharyngeal swab, sputum,
or bronchoalveolar lavage fluid (BALF) by enzyme-linked immunosorbent assay (ELISA), colloidal gold assay, poly-
merase chain reaction (PCR) or real-time PCR methods. The diagnosis of INF-V pneumonia was made according to the
Chinese expert consensus on diagnosis and treatment of influenza in children (2020 Edition) published by the China
National Clinical Research Center for Respiratory Diseases. Influenza pneumonia patients with lung consolidation was
identified by radiological examination of solid lesions or atelectasis in one or more lung segments.'* Severe pneumonia
was considered when the patient had one or more of the following manifestations: 1) Patients with symptoms of
hypoxemia, tachypnea, or Hoover’s sign, 2) Extrapulmonary complications; and 3) Admission to the intensive care
unit (ICU), requiring mechanical ventilation, or death. Airway obstruction was suspected if the patient had developed any
of the following symptoms: 1) Difficulty in breathing, 2) Decreased blood oxygen saturation, and 3) Coughing up tube-
like casts.

All patients were enrolled and treated according to the standard care pathway. Bronchoscopy examination and
bronchoalveolar lavage (BAL) therapy were performed when patients had persistent or worsening respiratory symptoms
or when airway obstruction was suspected after conventional treatment according to the standard pathway. PB was
confirmed by the presence of thick or rubbery casts causing obstruction of the bronchi by bronchoscopic examination.
Patient outcomes were evaluated at the time of discharge. A good prognosis was considered when the patients had
resolved or recovered from clinical symptoms. A poor prognosis was considered if the patients had persistent or
worsened symptoms, discontinued treatment, or died.

Statistical Analysis
Statistical analyses were performed using SPSS version 25.0 software. Continuous variables between the groups were
examined using the Mann—Whitney U-test. Categorical variables between the groups were assessed using the Fisher’s
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exact test and the Pearson’s y” test. Statistical significance was set at p<0.05. Univariate analyses were performed using
logistic regression. Variables with a p value less than 0.02 were selected as candidates for the multivariate analysis to
identify risk factors associated with the development of PB.

Results

Patient Characteristics

Patient characteristics are presented in Table 1. A total of 97 girls and 224 boys with a median age of 42 months were
included in this study. Patients with INF-V pneumonia were divided into PB and non-PB (NPB) groups based on whether
the patients had PB observed by bronchoscopy (Figure 1). There were 36 patients (11.2%) in the PB group and 285
patients (88.8%) in the non-PB group. Notably, in the PB group, 30 patients had influenza A infection (83.3%), 5 patients
had influenza B infection (13.9%), and 1 patient (2.8%) had co-infection with both viruses. Patients in the PB group were
significantly older than non-PB group (51 months vs 42 months; Mann—Whitney U-test, p=0.014). PB patients also had
a longer hospital stay than non-PB patients (12 days vs 9 days; Mann—Whitney U-test, p=0.003). No significant
differences were observed between the two groups in terms of history of previous illness and allergies.

The patients’ clinical manifestations were summarized and their differences between the PB and non-PB groups were
compared (Table 1). The main symptoms of pneumonia including fever (86.3%) and cough (97.8%) were observed in
most of the patients. However, a significantly longer duration of fever was observed in the PB group than in the non-PB
group (8 days vs 6 days; Mann—Whitney U-test, p=0.003). The proportion of patients who developed pulmonary
symptoms including tachypnea (83.3% vs 47.7%; Fisher’s exact test; p<0.001), dyspnea (63.9% vs 24.9%; Fisher’s
exact test; p<0.001), and wheezing (50.0% vs 30.2%; Fisher’s exact test; p=0.017) was significantly higher in the PB
group than in the non-PB group. Extrapulmonary symptoms, such as abdominal pain (19.4% vs 7.4%; Fisher’s Exact test,

Table | Patient Characteristics

Number of Patients PB NPB p value*
(n=321) (n=36) (n=285)
Gender 0.469
Girls 97 (30.2%) 9 (25.0%) 88 (30.9%)
Boys 224 (69.8%) 27 (75.0%) 197 (69.1%)
Age (median, months) 42.0 (95% Cl 20.8-62.0) | 51.0 (95% Cl 36.5-71.5) 42.0 (95% Cl 18.0-60.0) | 0.014
<2 48 (15.0%) 0 48 (16.8%)
13-36 76 (23.7%) 9 (25.0%) 67 (23.5%)
37-72 145 (45.2%) 19 (52.7%) 126 (47.7%)
>72 52 (16.2%) 8 (22.2%) 44 (25.4%)
History of pre-existing conditions 72 (22.4%) 5 (13.9%) 67 (23.5%) 0.192
History of allergies 67 (12.4%) 4 (11.1%) 38 (13.3%) 0.435
Days of hospitalization 9.0 (95% Cl 7.0-13.0) 12.0 (95% CI 8.25-14.75) | 9.0 (95% CI 7.0-12.0) 0.003
Clinical manifestations
Fever above 39°C 277 (86.3%) 33 (91.7%) 244 (85.6%) 0.461
Peak temperature (Median, range) 39.8 (39.2-40.0) 39.7 (39.340.2) 39.8 (39.240.0) 0.661
Duration of fever (Days, range) 6.0 (4.0-9.0) 8.0 (6.0-11.8) 6.0 (4.0-9.0) 0.010
(Continued)
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Table 1 (Continued).

Number of Patients PB NPB p value*
(n=321) (n=36) (n=285)
Pulmonary symptoms
Cough 314 (97.8%) 36 (100%) 278 (97.5%) 1.000
Wet cough 259 (80.7%) 31 (86.1%) 228 (80.0%) 0.381
Tachypnea 166 (51.7%) 30 (83.3%) 136 (47.7%) <0.001
Gasping 131 (40.8%) 23 (63.9%) 108 (37.9%) 0.003
Dyspnea 94 (29.3%) 23 (63.9%) 71 (24.9%) <0.001
Wet rale 208 (64.8%) 27 (75.0%) 181 (63.5%) 0.174
Wheezing 104 (32.4%) 18 (50.0%) 86 (30.2%) 0.017
Extra pulmonary symptoms
Vomit 73 (22.7%) 5 (13.9%) 68 (23.9%) 0.179
Diarrhea 23 (7.2%) 3 (8.3%) 20 (7.0%) 1.000
Abdominal pain 28 (8.7%) 7 (19.4%) 21 (7.4%) 0.035
Agitated 51 (15.9%) 11 (30.6%) 40 (14.0%) 0.011
Chilliness 69 (21.5%) 9 (25.0%) 60 (21.1%) 0.587
Systemic diseases
Respiratory failure 79 (34.2%) 21 (58.3%) 58 (20.4%) <0.001
ARDS 13 (4.0%) 9 (25.0%) 4 (1.4%) <0.001
Sepsis 38 (2.2%) | (2.8%) 37 (13.0%) 0.131
Encephalopathy 16 (5.0%) 3 (8.3%) 13 (4.6%) 0.566
Air-leak syndrome 37 (11.5%) 13 (36.1%) 24 (8.4%) <0.001

Notes: *p value for Fisher’s exact test, Pearson’s ;(2 test, or Mann—Whitney U-test when appropriate between PB and NPB groups. The bold values indicate a p value less
than 0.05.
Abbreviations: ARDS, acute respiratory distress syndrome; PB, plastic bronchitis; NPB, non-plastic bronchitis.

p=0.035) and agitation (30.6% vs 14.0%; Fisher’s exact test, p=0.011), were also more frequently observed in PB
patients than in the non-PB patients. More importantly, the proportion of patients who developed severe systemic
diseases, including respiratory failure (58.3% vs 20.4%; Fisher’s exact test, p<0.001), acute respiratory distress syndrome
(25.0% vs 1.4%; Fisher’s exact test, p<0.001), and air-leak syndrome (36.1% vs 8.4%; Fisher’s exact test; p<0.001), was
significantly higher in PB patients than in the non-PB patients.

Laboratory and Radiological Evaluations

Laboratory findings of the patients were examined (Table 2). No significant differences were observed between the PB
and non-PB groups in terms of complete blood counts, inflammatory markers and biochemical assessments, or co-
infection with other pathogens such as bacteria, mycoplasma, Epstein-Barr virus, and adenovirus. Radiological findings
were evaluated, and radiological abnormalities were more observed more frequently observed in the PB group than in the
non-PB group. The proportion of patients with pleural effusion (52.7% vs 33.7%; Fisher’s exact test, p=0.029),
pneumothorax (11.1% vs 1.4%; Fisher’s exact test, p=0.003), mediastinal emphysema (25.0% vs 2.5%; Fisher’s exact
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Figure | Representative clinical findings of an influenza patient who developed plastic bronchitis (PB). (A and B) Chest X-ray and computed tomography (CT) before
bronchoscopic examination showing consolidation and atelectasis of the lungs; (C and D) Bronchoscopic examination and removal of tube-like casts is suggestive of PB; (F)
Hematoxylin and eosin staining of PB showing necrotic tissues with large amounts of infiltration of white blood cells; (E) Chest X-ray after treatment showing resolution of
the lung lesions.

test, p<0.001), lung consolidation (77.8% vs 34.3%; Fisher’s exact test; p<0.001), and atelectasis (41.7% vs 24.6%;
Fisher’s exact test; p=0.028), was significantly higher in the PB group than in the non-PB group.

Treatment and Patient Outcomes

Patient treatment details are summarized in Table 3. All patients received treatment with neuraminidase inhibitor. The
timing of prescribing a neuraminidase inhibitor (less than 48 h after the onset of symptoms) did not differ significantly
between the PB and non-PB groups. Most patients received antibiotics (91.0%); however, no differences were observed
between the PB and non-PB groups (94.4% vs 90.5%). Patients with persistent fever received intravenous immunoglo-
bulin (IVIG) and methylprednisolone (1-2mg/kg/day for 3—5 days) to reduce the inflammatory response. There were
significant differences between the proportion of patients in the two groups receiving IVIG (66.7% vs 42.3%; Fisher’s
exact test, p=0.006) and methylprednisolone (66.7% vs 46.0%; Fisher’s exact test, p=0.019). The percentage of patients
who required intensive care (61.1% vs 28.4%; Fisher’s exact test, p<0.001) and mechanical ventilation (52.8% vs 16.5%;
Fisher’s exact test, p<<0.001) was also significantly higher in the PB group than in the non-PB group. None of the patients
died during the observational period. All patients showed good recovery after discharge.
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Table 2 Laboratory and Radiological Examinations of Patients with Severe Influenza Pneumonia

Total Patients PB NPB p value*
(n=321) (n=36) (n=285)
CBC (median, 95% CI)
WBC (10x10%) 9.10 (6.48-13.39) 8.79 (6.04-11.17) 9.10 (6.56—13.55) 0.235
NEUT (10x10°%) 5.29 (3.31-8.72) 4.78 (3.32-7.44) 5.37 (3.31-8.90) 0.332
LYMPH (10x10%) 2.08 (1.19-3.36) 2.35 (1.24-3.32) 2.05 (1.19-3.36) 0.665
PLT (10x10%) 310 (236-418) 335 (259-468) 308 (234-416) 0.301
Hb (g/L) 117.00 (109.00—125.00) 116.00 (106.5-126.00) 117 (109.50-124.00) 0.878
Inflammation markers
CRP (mg/L) 9.75 (2.40-28.15) 5.70 (1.43-21.80) 10.00 (2.43-29.60) 0.217
PCT (g/L) 0.38 (0.13—-1.51) 0.63 (0.14-1.79) 0.38 (0.13-1.50) 0.773
Biochemical examinations
ALT (IU/L) 16.00 (12.25-25.00) 16.50 (13.00-19.75) 16.00 (12.00-25.00) 0.859
AST (IU/L) 40.00 (30.00-53.25) 33.00 (29.25—48.00) 40.00 (30.00-56.25) 0.128
LDH (IU/L) 363.00 (295.00—491.00) | 388.00 (311.00-733.00) | 358.00 (290.00—471.00) | 0.039
CK (1U/L) 99.80 (64.00-222.65) 117.02 (57.20-316.75) 98.00 (40.00-211.50) 0.366
CK-MB (CK-MB) 1.70 (0.90-4.00) 1.85 (1.03-5.00) 1.70 (0.80-4.00) 0.308
Cr (umol/L) 29.00 (23.550-35.40) 30.20 (27.30-35.55) 28.60 (23.30-35.40) 0.182
BUN (mmol/L) 2.84 (2.25-3.73) 2.80 (2.27-3.80) 2.84 (2.21-3.71) 0.616
Co-infections
EBV 24 (7.5%) 2 (5.6%) 22 (7.7%) 0.897
ADV 38 (11.8%) 5 (13.9%) 33 (11.6%) 0.896
Mycoplasma 133 (41.4%) 15 (41.7%) 118 (41.4%) 0.976
Bacteria 99 (30.8%) 7 (19.4%) 92 (32.3%) 0.116
Radiology
Pleural effusion 115 (35.8%) 19 (52.7%) 96 (33.7%) 0.029
Pneumothorax 8 (2.5%) 4 (11.1%) 4 (1.4%) 0.003
Mediastinal emphysema 16 (5.0%) 9 (25.0%) 7 (2.5%) <0.001
Lung consolidation 126 (39.2%) 28 (77.8%) 98 (34.3%) <0.001
Atelectasis 85 (26.5%) 15 (41.7%) 70 (24.6%) 0.028

Notes: *p value for Fisher’s exact test, Pearson’sx2 test, or Mann—Whitney U-test when appropriate between PB and NPB groups. The bold values indicate a p
value less than 0.05.

Abbreviations: PB, plastic bronchitis; NPB, non-plastic bronchitis; CBC, complete blood count; WBC, white blood cell; NEUT, neutrophil; LYMPH,
lymphocyte; PLT, platelet; Hb, hemoglobin; CRP, C-reactive protein; PCT, procalcitonin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
LDH, lactate dehydrogenase; CK, creatine kinase; Cr, creatinine; BUN, blood urea nitrogen; EBV, Epstein-Barr virus; ADV, adenovirus.

Logistic Regression Analysis of Patients with and without PB
To study the risk factors associated with PB formation in patients with INF-V pneumonia, a univariate logistic regression analysis
was performed (Table 4). We observed that the duration of fever; symptoms including tachypnea, dyspnea, wheezing, and
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Table 3 Treatment of Patients with Severe Influenza Pneumonia

Total Patients PB NPB p value*

(n=321) (n=36) (n=285)
NAI<48h of onset of symptoms 71 (22.1%) 10 (28.0%) 61 (21.4%) 0.385
IVIG 145 (45.2%) 24 (66.7%) 121 (42.3%) 0.006
MP 155 (48.3%) 24 (66.7%) 131 (46.0%) 0.019
Antibiotics 292 (91.0%) 34 (94.4%) 258 (90.5%) 0.643
PICU 103 (32.1%) 22 (61.1%) 81 (28.4%) <0.001
Mechanical ventilation 66 (20.6%) 19 (52.8%) 47 (16.5%) <0.001

Notes: *p value for Fisher’s exact test between PB and NPB groups. The bold values indicate p value less than 0.05.
Abbreviations: PB, plastic bronchitis; NPB, non-plastic bronchitis; NAI, neuraminidase inhibitor; IVIG, intravenous immunoglo-
bulin; MP, methylprednisolone; PICU, pediatric intensive care unit.

Table 4 Univariate Logistic Regression Analysis of Patients with Plastic Bronchitis

Variables p p value OR 95% Confidence Interval
Duration of fever 0.059 0.012" 1.061 1.013-1.111
Age 0.011 0.066 1.011 0.999-1.022
Tachypnea 1.701 <0.001" 5.478 2.212-13.566
Dyspnea 1.674 <0.001" 5.333 2.567-11.078
Wet rale 1.065 0.004" 2.900 1.410-5.963
Wheezing 0.545 0.178 1.724 0.781-3.806
Agitated 0.991 0.013" 2.695 1.231-5.902
ARDS 3.153 <0.001" 23.417 6.761-81.100
Pleural effusion 0.778 0.029 2.177 1.082—4.380
Pneumothorax 2.173 0.003" 8.781 2.094-36.817
Mediastinal emphysema 2.583 <0.001" 13.238 4.569-38.356
Lung consolidation 1.899 <0.001" 6.679 2.933-15.207
Atelectasis 0.786 0.031 2.194 1.073-4.486
WBC —0.049 0.140 0.952 0.891-1.016
NEUT —0.055 0.176 0.947 0.875-1.025
CRP —0.012 0.157 0.988 0.971-1.005
AST —0.013 0.109 0.987 0.971-1.003
LDH 0.001 0.008" 1.001 1.000-1.002

Notes: Bold values indicate p value less than 0.05. “Indicates a p value less than 0.02.
Abbreviations: ARDS, acute respiratory distress syndrome; WBC, white blood count; NEUT, neutrophil; CRP, C-reactive protein; AST,
aspartate aminotransferase; LDH, lactate dehydrogenase.

agitation; presence of acute respiratory distress syndrome; and radiological findings, including pleural effusion, pneumothorax,
mediastinal emphysema, lung consolidation, and atelectasis, and lactate dehydrogenase levels were risk factors associated with

the formation of PB. Factors with a p value less than 0.2 were included in the multivariate logistic regression analysis (Table 5).
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Table 5 Multivariate Analysis of Patients with Plastic Bronchitis

Variables p p value OR 95% Confidence Interval
Mediastinal emphysema 3.209 0.012 24.76 2.047-299.464

Lung consolidation 1.436 0.012 4.205 1.377-12.842

NEUT —-0.337 0.026 0.714 0.531-0.960

AST —0.045 0.004 0.956 0.927-0.986

LDH 0.004 p<0.001 1.004 1.002-1.006

Note: Bold values indicate p values less than 0.05.
Abbreviations: NEUT, neutrophil; CRP, C reactive protein; AST, aspartate aminotransferase; LDH, lactate dehydrogenase.

We observed that mediastinal emphysema, lung consolidation, and levels of aspartate aminotransferase (AST), lactate dehy-
drogenase (LDH), and neutrophils were the independent risk factors associated with PB development.

Discussion

PB was first described as a rare respiratory disease characterized by airways filled with mucus-tube-like casts, leading to
complete or partial obstruction of the bronchi or bronchial trees.'” The etiology of PB remains unclear. The currently accepted
classification system divides PB into two subtypes based on the pathological features.'® Type I PB occurs mainly in respiratory
infectious diseases and is characterized by a large infiltration of inflammatory cells on pathohistological analysis.'” Type IT PB
occurs mainly in cases of congenital heart defects and is characterized by few or no inflammatory cells. In this study, all PB
patients underwent pathohistological analysis and were characterized as having type I PB.

Respiratory viruses including influenza are a major cause of PB."®!” However, the exact incidence of PB in children
with infected influenza infection has not yet been fully studied. Influenza belongs to the enveloped Orthomyxoviridae
viruses and can be divided into types A, B, C and D. Both influenza A and B viruses can be further divided into subtypes
based on the differential expression of the two antigens against hemagglutinin (H) and neuraminidase (N).2° In this study,
we included a relatively large cohort of pediatric patients and observed that 11% of the patients with INF-V pneumonia
developed PB. Furthermore, most INF-V patients who developed PB were of the HIN1 subtype, which is consistent with
the previous reports.'® Historically, the development of children with INF-V infection, particularly HINI patient has
been associated with severe diseases and a higher mortality rate. However, no patients died, and patient outcomes did not
differ between the PB and non-PB groups, probably because of the early intervention of bronchoscopy.

Direct removal of bronchial PB via bronchoscope is the gold standard for diagnosing PB.?! It is also an important
therapeutic tool to remove PB to eliminate bronchial blockage.'® However, it is sometimes difficult to determine when to
perform bronchoscopy in children with early stage PB.**%** On the one hand, the lack of specific clinical manifestations of
PB can lead to misdiagnosis of the disease and delay in treatment.” On the other hand, bronchoscopy is an invasive
procedure, and excessive medical treatment can increase the risk of bronchoscopy-related complications, especially in
young children.?* Therefore, it is important to identify the risk factors associated with PB without overtreating the patients.
In this study, there was no significant sexual predilection for PB development in children with INF-V pneumonia. Most
patients in this study younger than 6 years of age. Interestingly, patients who developed PB were significantly older than
those who did not develop PB. This is likely because older children tend to have more a developed immune system, which
may exhibit a greater inflammatory response after INF-V infection. Previous studies have suggested that children with
underlying conditions are more likely to develop PB and have higher mortality rates after INF-V infection.”> However,
more than 80% of the children in the PB group had no underlying disease, suggesting that PB can occur in previously
healthy children after INF-V infection and should alert physicians to early diagnosis and treatment.

Currently, at our center, we are aiming for early bronchoscopy to avoid treatment delays in patients with PB. Bronchoscopic
evaluation is recommended for patients with pneumonia who have persistent or worsening respiratory symptoms or are suspected
to have airway obstruction. During the study period, we compared patients with and without PB to examine the risk factors
associated with PB development and the treatment outcomes. Fever was one of the main symptoms in both PB and non-PB
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patients. Generally, the incubation period after INF-V infection is 1 to 4 days, and peaks within 24 h after infection,”® with
hyperthermia lasting 5 to 8 days or longer in severely ill patients.'> We observed that PB patients had a significantly longer
duration of fever at a median of 8 days than the non-PB patients. Consistent with the findings of previous reports, patients with PB
had a significantly higher incidence of manifestations suggestive of airway obstruction, including wheezing, gasping, tachypnea,
and dyspnea. In addition, we observed that patients were more likely to have extrapulmonary symptoms, such as abdominal pain
and agitation. Patients with PB often lack specific laboratory findings. Previous studies have suggested that PB patients may have
a higher expression of LDH, probably because of hypoxia caused by PB-induced bronchial blockage.?”*® Consistent with the
findings of these reports, we also observed a significantly elevated LDH levels in the PB group compared with those in the non-
PB group. In the present study, we also observed that low AST levels, and low neutrophil counts were independent risk factors for
PB development.”’ However, the exact cut-off to predict PB development requires further examination because of the small
number of PB patients with PB in this study. On radiological examinations, PB patients had a higher incidence of pleural effusion,
pneumothorax, mediastinal emphysema, lung consolidation, and atelectasis than non-PB patients. Although radiological findings
may not be specific during the early stage of PB, early radiological examinations remain crucial to identify severe pneumonia
caused by INF-V and to avoid treatment delay.

Conventional treatment, including the use of neuraminidase inhibitor (NAI) and antibiotics, did not differ between the
PB and non-PB patients. However, the proportion of patients requiring systemic treatment, including glucocorticoids and
IVIG was significantly higher in the PB group. PB patients are also at a higher risk of developing severe complications,
such as respiratory failure, ARDS, and air-leak syndrome.>® Consequently, patients with PB are more likely to require
critical care and ventilatory support. Although PB patients required more intensive treatment compared with non-PB
patients, they can be quickly weaned off the ventilator and dyspnea can be reduced after PB removal by bronchoscopy.*
All patients recovered well with no sequelae except that some of them were discharged home with continued oral NAI
and antibiotic treatment.

This study had several limitations. This was a single-center study. Although the hospital is a third-tertiary hospital that
attracts patients from many neighboring cities, in the future, a multicenter study with a larger sample size is needed to
better represent the characteristics and outcomes of INF-V patients with PB development in the general population.
Furthermore, because of the relatively short study period, we did not analyze the differences between INF-V patients who
developed PB across different influenza epidemics. This may be crucial for studying the link between viral virulence and
PB development and requires further investigation.

In conclusion, we observed that approximately 11% of patients with INF-V-associated pneumonia may developed PB.
Although early stage PB patients may not have specific symptoms, or laboratory and radiological findings, early
bronchoscopic evaluation and removal of PB can be effective in resolving airway obstructions and preventing severe
disease. Therefore, patients with INF-V pneumonia and PB can recover well after proper treatment.
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