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Objective: Changes in the respiratory function over time in respiratory syncytial virus (RSV)-induced acute
bronchiolitis were evaluated by a lung sound analysis.

Methods: We retrospectively examined changes in lung sound parameters over time in 54 children (median
age, 7 months) diagnosed with RSV acute bronchiolitis. We evaluated the power of inspiratory and expira-
tory sounds using a conventional method and analyzed the frequency characteristics of inspiratory sounds
using new automated analysis software program. We examined changes in these lung sound parameters over
time during and after hospitalization and compared these data with those of age-matched healthy children.
Results: In 138 lung sound samples from 54 infants, the power of inspiratory and expiratory sounds was
greatest within 4 days after the onset and improved over time. In contrast, the greatest changes in inspira-
tory sound parameters were observed at 5 to 10 days after the onset of RSV acute bronchiolitis. Some lung
sound parameters in patients with RSV acute bronchiolitis did not return to normal even by 14 days after the
onset.

Conclusions: This finding is considered a characteristic of RSV acute bronchiolitis in infants and is mean-

ingful in terms of post-treatment management.

Key words: acute bronchiolitis, infants, lung sound analysis, machine learning, RSV

INTRODUCTION

Acute bronchiolitis caused by respiratory syncytial
virus (RSV) is common in infants younger than 2
years of age and can become severe in some cases
[1, 2]. Although damage to the airways is significant,
no specific treatment for the acute phase has been
established [3, 4]. Furthermore, it has been reported
that RSV acute bronchiolitis can trigger the onset of
childhood asthma [5], which may have a significant
impact on the decline of the respiratory function [6]
and the onset of chronic obstructive pulmonary disease
(COPD) in the future in affected children. The dam-
age caused by RSV infection is severe [7], and young
children who are anatomically and immunologically
immature may sometimes suffer permanent damage.
However, there are few objective reports on the per-
sistence and temporal changes of airway disorders
after RSV acute bronchiolitis.

On the other hand, the possibility of lung sound
analysis has been studied as a lung function test for
infants and young children [8-10], because they are
simple, non-invasive, and do not require the subject's
cooperation [11]. In recent years, lung sound analysis

methods have made remarkable progress with the
advent of artificial intelligence (AI), and the use of Al
has also been reported in the field of pediatric clinical
practice [12-15]. Its application in the evaluation of
airway narrowing associated with asthma is currently
progressing [23], and the analysis of adventitious respi-
ratory sounds is also being investigated for the diagno-
sis of respiratory diseases in children [24]. The clinical
application of this technology in pediatric patients with
respiratory diseases is also expanding. As the major ad-
vantages of performing a lung sound analysis include
the fact that it is non-invasive, simple, and does not
require labored breathing [25], lung sound analyses
are expected to be an effective means of evaluating the
lung function of infants who cannot undergo normal
lung function tests.

In this study, we aimed to confirm the persistence of
airway damage in infants with RSV acute bronchiolitis
and examined the time-dependent changes in various
parameters obtained by lung sound analysis in patients
hospitalized with RSV acute bronchiolitis. In addition,
we compared their results with healthy infants with the
same age.
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METHODS

Subjects

From June 1, 2021, to December 31, 2022, a retro-
spective observational study was conducted on infants
under 2 years of age who were admitted to our hospi-
tal for treatment of RSV acute bronchiolitis and whose
parents consented to this study. In accordance with
previous reports [16, 17], the severity of acute bron-
chiolitis, SpO, at the time of admission, and length of
hospitalization were also confirmed.

As a control for comparison, infants of the same
age who underwent infant health checkups in Isehara
City between January 8 and March 7, 2025, and whose
parents consented to this study were used as controls,
and lung sound analysis was performed in the same
manner.

This study was reviewed and approved by the
Institutional Review Board (IRB) of Tokai University
School of Medicine (IRB number; 21R126, 22R136).
All parents of the children included in this study pro-
vided their written informed consent at the first visit,
and they opted out of attending our outpatient clinic
from the start of this study (March 1, 2025).

Diagnosis of RSV acute bronchiolitis

The diagnosis of acute bronchiolitis was as previous-
ly reported [18, 19]. That is, the diagnosis was made
by multiple pediatric specialists on the basis of the fol-
lowing: (1) age was under 24 months and no wheezing
history, (2) RSV antigen test was positive, (3) presence
of respiratory symptoms, wheezes and/or rhonchi, and
(4) clear decrease in SpO, and/or clear signs of hyper-
inflation on chest radiography. All patients underwent
nasopharyngeal swab viral antigen testing for RSV
(RSV Imunace®, Tauns Co., Izunokuni City, Japan).
As previously reported, severity was assessed using the
severity score of De Boeck et al. [20].

Lung sound analyses

Lung sound analyses were performed for all partici-
pants, as described previously [8, 9]. Lung sounds were
measured in the supine or sitting position while awake
and were acquired using a handheld microphone for
= 10 s. The microphone was placed on the right upper
anterior chest at the second intercostal space along the
mid clavicular line. Each personal lung sound parame-
ter was analyzed conventionally, using a sample with a
median value from three tidal breaths.

A sound acquisition of the inspiration and expi-
ration was performed using an LSA-2020 sound
spectrometer (Kenz Medico Co., Saitama, Japan).
The sound-amplifying unit was set to be effective for
analyzing sounds in the range of 100-3,000 Hz. The
recorded sounds were analyzed using fast Fourier
transformation. The sampling frequency was 10,240
Hz, and the spectra were obtained using a Hamming
window.

The power of the low frequency area (100-200 Hz)
(LF) and middle frequency area (200-400 Hz) (MF)
during inspiration (I) and expiration (E) was calculat-
ed from the breath sound spectrum. The power ratio
of the expiratory sound to the inspiratory sound (E/I)
in the LF and MF was also calculated [21].

The analysis of frequency characteristics of inspira-

tory sounds was performed using software developed
using machine learning (ML), and the reliability of
this method has previously been reported [15, 22].
The parameter calculation method involves first
calculating the analytical base point (0 point), from
the spectrum of the subject's inspiratory sound. Next,
the highest frequency at the 0 point was calculated as
FAP, (KHz) for convenience, and the basal lung sound
power was calculated as PAP, (dBm) [15]. Other lung
sound parameters were also created using the 0 point
in accordance with the previous lung sound analysis
method. In other words, the index obtained by divid-
ing the power (dBm) at 1/2 the frequency from 100
Hz to the 0 point by the frequency at the same time
(F5) was defined as RPF;, , and the index obtained
by dividing the power (dBm) at 3/4 the frequency by
the frequency at the same time (F.;) was defined as
RPF,; . Furthermore, 2/3 of the frequency from 100
Hz to 0 point was defined as A, , and the area from
A,, to 0 point in the high-pitched region was defined
as Ag , and A, /A; was calculated by dividing this by
the total area (AT) B,, and B, /A, were calculated in
the same manner.

Evaluation by lung sound analysis

Based on lung sound data from patients with RSV
acute bronchiolitis during hospitalization and outpa-
tient care, the changes over time in each parameter
of frequency characteristics in inspiratory sounds, the
power of expiratory and inspiratory sounds and the
power ratio of expiratory/ inspiratory sounds were
analyzed. These data were compared with the results
of lung sound analysis of healthy children of the same
age.

Statistical analysis

Statistical analyses were conducted using SPSS
software program (IBM SPSS Statistics, ver. 22 for
Windows; IBM Corp., Armonk, NY, USA). To analyze
repeated measurements of lung sound parameters,
generalized estimating equations (GEE) were used to
examine changes in lung sound parameters over time
in patients with RSV bronchiolitis. An unstructured
correlation was specified to account for within-subject
correlation, and the model included time and body
height. The Mann-Whitney U test was used to assess
differences between patients with RSV bronchiolitis
and healthy children. In comparison of the six groups,
Bonferroni correction test was used as the criterion for
significant differences, and p < 0.01 was considered
significant. Table data are expressed as median, maxi-
mum and minimum values.

RESULTS

Subjects

Fifty-four infants (male: female = 32: 22, median
age; 7 months) with RSV acute bronchiolitis underwent
lung sound analyses. Finally, a total of 138 measure-
ments (average 2.6 times) were obtained (Table I). In
54 children with RSV acute bronchiolitis, 44 (81.5%)
had fever, 51 (94.4%) had cough, 51 (94.4%) had
wheezing, and 12 (22.2%) had pneumonia diagnosed
with chest X-ray. The median acute bronchiolitis sever-
ity score was 3.0, and the median SpO, at admission
was 95.5%. Data on the power of the initial lung
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Table 1 Profiles of RSV acute bronchiolitis infants and age-matched healthy infants

Bronchiolitis infants Healthy infants P
(n = 54) (n=34)

Age 7.08 7.0 0.722
(months) (0.5, 22) (7.0, 9.0)
Sex 32: 22 18: 16 0.266
(m:f)
Weight 8.5 8.1 0.967
(kg) (2.8, 13.7) (6.9, 10.0)
Height 68.9 68.9 0.652
(cm) (47.3, 89.5) (60.7, 74.5)
Severity of 3.0 - -
bronchiolitis’ (0, 10.0)
Onset to Hospitalization 4.0 - -
(days) (1.0, 13.0)
Hospitalization Days 7.0 - -
(days) (3.0, 14.0)

§: Median (minimum, maximum), *: Acute bronchiolitis severity score by De Boeck et al. (Reference No. 20), P values were calculated by

Mann-Whitney U-test.

sounds for 32 of the 54 patients are also included in
the report by Kuruma et al. [16]. None of the infants
with acute bronchiolitis had a history of wheezing.

Using the GEE, time was classified into three
groups based on the clinical course (hyperacute phase:
within 4 days of onset, acute phase: 5-11 days, and
recovery phase: = 12 days), and changes in lung sound
parameters were examined.

To facilitate comparison with the control group,
lung sound samples were divided into five groups
based on the number of days since the onset of
bronchiolitis (within 4 days of onset; n =26, 5-7 days;
n =239, 8-10 days; n =26, 11-13 days; n=25, and =
14 days [14-26 days]; n =22). As controls for compari-
son, 34 healthy infants of the same age (m: f=16: 18,
median age; 7 months) whose parents consented to the
study were used. These infants had no fever, cough, or
other respiratory adventitia, and no history of recur-
rent wheezing, chronic lung disease such as asthma or
hospitalization (Table 1).

Evaluation of RSV acute bronchiolitis by the power
of inspiratory and expiratory sounds

Differences among the three groups of RSV acute
bronchiolitis were examined using GEE. Height was
used as a covariate, and the analysis focused on the
main inspiratory sound parameters PAP, and FAP,,
and the main lung sound power parameters E/I LF
and E/I MF. The results showed that there was no
significant change in lung sound power over time
among the three groups, however, a tendency for E/I
MF to decrease over time was observed (Table 2 and 3).
Furthermore, similar results were observed in pairwise
comparisons among the three groups (Table 4).

In contrast, when comparing the five groups includ-
ing healthy children, the power of expiratory sounds
(E) and inspiratory sounds (I) and the expiratory/
inspiratory power ratio (E/I ratio) tended to decrease
over time (Table 5). In comparison, the E LF and E
MF in the last group (= 14days group) that continued
to be observed for RSV acute bronchiolitis showed

significantly higher values.

Evaluation of RSV acute bronchiolitis by frequency
characteristics in inspiratory sounds

In the analysis of frequency characteristics in in-
spiratory sounds using the ML lung sound analysis
software program [15, 22], PAP, in the acute phase
of RSV acute bronchiolitis was the lowest among the
three groups. FAP; was highest in the acute phase.
However, the GEE showed no significant differences
from early hospitalization to discharge in any of the
three groups (Table 2, 3 and 4).

In contrast to the control group, the PAP; and
FAP, values on days 5-7 and 8-10 after onset were
significantly different from those in the control group.
However, no significant differences were observed
in the FAP, values within 4 days after onset (using
Bonferroni correction test, Table [6]. In addition, the
PAP, values in the last group (=14 days) of acute
bronchiolitis group were significantly different from
those in the control group (p = 0.001) (Table 6).

DISCUSSION

Although most children suffer from RSV respirato-
ry tract infections by 2 years of age, there are quite a
few cases that become severe. Furthermore, it has been
reported that RSV respiratory tract infection may be
related to the onset of asthma [5, 26, 27] and COPD
[28]. However, there are many unknowns regarding
the healing process over time.

It is significant that this study clarified the charac-
teristics of airway disorders during the acute and recov-
ery phases of RSV acute bronchiolitis. This study con-
firmed that, in RSV acute bronchiolitis, the power of
both inspiratory and expiratory sounds was highest in
the early stages of infection and decreased over time.
Previous reports have also shown that patients in the
acute phase have a clear increase in expiratory sound
power due to damage caused by airway inflammation
compared to patients in the recovery phase [16, 17].
Previous studies on lung sound power have reported
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estimating equations (n = 54)

[PAP,] 95% Wald CI Hypothesis testing

Parameter B S.E. Lower Upper Wald Degrees of P value
limit limit chi-square freedom

(Intercept) 6.054 0.948 4.197 7.912 40.805 1 <0.001

Hyperacute 0.134 1.568 -2.939 3.207 0.007 1 0.932

Acute -1.499 1.156 -3.765 0.766 1.682 1 0.195

Recovery Reference - - - - - -

Height 0.004 0.007 -0.008 0.017 0.429 1 0.512

Note: Scale, 20.117

[FaP,) 95% Wald CI Hypothesis testing

Parameter B S.E. Lower Upper Wald Degrees of P value
limit limit chi-square freedom

(Intercept) 1.823 0.049 1.728 1.918 1407.147 1 <0.001

Hyperacute -0.005 0.082 -0.165 0.156 0.003 1 0.955

Acute 1.490 0.078 -0.004 0.302 3.649 1 0.056

Recovery Reference - - - - - -

Height <0.001 0.001 0.000 0.000 0.832 1 0.362

Note: Scale, 0.113

[E/ILF] 95% Wald CI Hypothesis testing

Parameter B S.E. Lower Upper Wald Degrees of P value
limit limit chi-square freedom

(Intercept) 2.5623 0.185 2.160 2.886 185.552 1 <0.001

Hyperacute 0.057 0.244 -0.421 0.534 0.054 1 0.816

Acute 0.328 0.211 -0.086 0.741 2.408 1 0.121

Recovery Reference - - - - - -

Height -0.001 <0.001 -0.001 <0.001 7.350 1 0.007

Note: Scale, 0.656

[E/1 MF] 95% Wald CI Hypothesis testing

Parameter B S.E. Lower Upper Wald Degrees of P value
limit limit chi-square freedom

(Intercept) 1.895 0.201 1.500 2.289 88.621 1 <0.001

Hyperacute 0.609 0.325 -0.029 1.246 3.499 1 0.061

Acute 0.415 0.244 -0.062 0.893 2912 1 0.088

Recovery Reference - - - - - -

Height 0.002 <0.001 <0.001 0.003 4.331 1 0.037

Note: Scale, 1.000

B: Regression Coefficient, S.E.: Standard Error, CI: Confidence Interval.
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Table 3 Changes of estimated marginal means in parameters of lung sounds over time after bronchiolitis
infection using generalized estimating equations (n = 54)

Group 1 Group 2 Group 3
Hyperacute ( = 4days) Acute (5-11days) Recovery (= 12days)

E/ILF
Mean 2.52 2.79 2.46
S.E. 0.13 0.13 0.18
95% Wald CI 2.27,2.77 2.54, 3.04 2.10, 2.82
E/IMF F
Mean 2.61 2.42 2.01
S.E. 0.21 0.16 0.20
95% Wald CI 2.21, 3.02 2.12,2.73 1.62, 2.39
PAP,
Mean 6.50 4.87 6.37
S.E. 1.23 0.72 0.79
95% Wald CI® 4.10, 8.90 3.46, 6.28 4.81, 7.92
FAP,
Mean 1.81 1.96 1.81
S.E. 0.07 0.06 0.05
95% Wald CI 1.68, 1.94 1.85, 2.08 1.72, 1.91

S.E.: Standard Error, CI: Confidence Interval, $: Lower and Upper Limits.

Table 4 Comparison of lung sound parameters among three groups after bronchiolitis infection using gener-
alized estimating equations (n = 54)

E/1LF Difference in the mean 95% Wald CI p value
Group 1 vs Group 2 -0.271 -0.621, 0.080 0.130
Group 1 vs Group 3 0.057 -0.421, 0.535 0.816
Group 2 vs Group 3 0.328 -0.086, 0.741 0.121
E/I MF Difference in the mean 95% Wald CI p value
Group 1 vs Group 2 0.193 -0.369, 0.755 0.501
Group 1 vs Group 3 0.609 -0.029, 1.246 0.061
Group 2 vs Group 3 0.415 -0.062, 0.893 0.088
PAP, Difference in the mean 95% Wald CI p value
Group 1 vs Group 2 1.633 -1.242, 4.508 0.266
Group 1 vs Group 3 0.134 -2.939, 3.207 0.932
Group 2 vs Group 3 -1.500 -3.765, 0.766 0.195
FAP, Difference in the mean 95% Wald CI p value
Group 1 vs Group 2 -0.154 -0.340, 0.033 0.106
Group 1 vs Group 3 -0.005 -0.165, 0.156 0.955
Group 2 vs Group 3 0.149 -0.004, 0.303 0.056

Group 1: Hyperacute phase ( = 4days), Group 2: Acute phase (5-11days), Group 3: Recovery phase ( = 12days), CI: Confidence Interval.
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Table 5 Comparison of lung sound power over time after bronchiolitis infection with control values

Days from Onset

(days) <4 5-7 8-10 11-13 >14 Controls
Sample Size (n) 26 39 26 25 22 34
Power of I LF 116.4 102.9 95.6 98.4 974 88.7
(81.8, 147.7) (854, 137.5) (81.5, 129.6) (84.4, 130.7) (74.3, 140.7) (75.3, 121.5)
pf <0.001 < 0.001 0.009 0.005 0.063
Power of E LF 105.4 99.7 97.3 85.7 86.0 74.1
(737, 135.8) (72.2, 142.4) (71.4, 136.4) (69.8, 120.4) (67.5, 187.2) (62.6, 103.9)
P <0.001 <0.001 <0.001 0.001 0.002
Log E/I LF 2.59 2.67 2.64 2.39 2.56 2.25
(1.30, 4.74) (1.58, 4.32) (1.94, 4.81) (0.66, 3.01) (0.28, 5.04) (112, 2.94)
P 0.034 0.002 0.001 0.234 0.038
Power of I MF 102.3 100.0 91.8 94.0 93.4 87.3
(84.6, 131.7) (74.0, 137.4) (68.1, 127.9) (77.3, 120.0) (77.3, 112.1) (68.8, 112.2)
P < 0.001 < 0.001 0.074 0.053 0.169
Power of E MF 97.8 89.1 92.8 67.3 63.3 58.3
(574, 133.7) (47.0, 138.5) (52.7, 132.3) (44.5, 110.1) (471, 124.0) (46.1, 82.8)
P <0.001 <0.001 < 0.001 0.003 0.009
Log E/L MF 2.38" 2.09 242 1.87 1.54 1.60
(1.14, 4.18) (1.03, 4.90) (0.89, 4.98) (-0.06, 2.52) (0.98, 4.26) (1.89, 10.62)
P < 0.001 <0.001 < 0.001 0.149 0.237

¥: Median (minimum, maximum). : P values were compared with control data by Mann-Whitney U-test. Using Bonferroni correction test, differences in the
comparison among the six groups were considered significant at p < 0.01.
Bold p-values indicate that comparisons among the six groups were significantly different compared to the control group.

Table 6 Comparison of inspiratory sound parameters after bronchiolitis infection with those of controls

Days from Onset <4 5-7 8-10 11-13 >14 Controls
Sample Size (n) 26 39 26 25 29 34
PAP, 6.23% 544 4.97 5.46 7.64 9.0
(0.53, 17.45) (-5.26, 20.01) (2.0, 12.18) (-1.67, 11.88) (-1.47, 12.71) (1.92, 12.99)
PT 0.005 <0.001 <0.001 <0.001 0.001
FAP, 1.86 1.95 1.91 1.84 1.77 1.67
(1.03, 2.49) (144, 2.49) (1.0, 2.49) (1.49, 2.49) (151, 2.49) (1.23, 2.26)
P 0.045 <0.001 0.002 0.006 0.037
RPF,,, 270 2.52 2.10 2.17 2.35 1.93
(1.40, 4.13) (0.96, 4.09) (1.11, 4.29) (0.96, 3.57) (1.18, 3.39) (1.06, 4.04)
P 0.006 0.098 0.509 0.480 0.177
RPF,, 3.31 2.86 2.56 3.18 2.81 2.60
(1.04, 5.29) (0.6, 4.60) (0.81, 5.36) (0.57, 4.56) (0.71, 4.19) (0.59, 5.98)
P 0.192 0.542 0.919 0.545 0.940
Au/A; 12.69 12.30 11.38 12.89 11.67 12.93
(4.85, 17.68) (5.32, 17.58) (5.52, 17.17) (4.91, 21.77) (3.32, 16.78) (3.80, 18.80)
P 0.676 0.588 0.225 0.747 0.397
B, /A, 7.34 6.80 6.45 7.50 6.40 6.75
(2.25, 11.05) (1.77, 10.71) (2.56, 10.02) (1.52, 13.19) (1.05, 9.79) (1.89, 10.62)
P 0.512 0.544 0.674 0.550 0.580

§: Median (minimum, maximum). ': P values were compared with control data by Mann-Whitney U-test. Using Bonferroni correction test, differences in the
comparison among the six groups were considered significant at p < 0.01.
Bold p-values indicate that comparisons among the six groups were significantly different compared to the control group.
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a significant correlation between sound intensity and
airway inflammation [21]. It is understandable that the
power of inspiratory and expiratory sounds changes
over time, as shown in this study.

Because the median number of days between the
onset of symptoms and hospitalization in this report
was the fourth day, the damage caused by RSV acute
bronchiolitis is thought to be significant from around
the fourth day after onset of symptoms. Previous
reports have suggested that the increase in lung sound
power in RSV acute bronchiolitis is due to damage to
the bronchial mucosa and the production of highly
viscous sputum [29, 30]. It has been pointed out that
this increase in sound power may be related to rhon-
chi (a low-pitched, persistent adventitious respiratory
sound) [31, 32], and this increase in lung sound power
is thought to directly reflect airway damage.

In contrast, the parameters of inspiratory sounds
increased in many cases even after hospitalization, and
abnormal values were observed even on the 10th day
after onset, close to the time of discharge, after which
the parameters gradually improved. Unlike adventi-
tious respiratory sounds, such as wheezes and rhonchi,
heard during expiration, the analysis of frequency
characteristics in inspiratory sounds has been studied
using measurements obtained during resting breathing
[8, 9]. Taking advantage of lung sound analysis with
excellent sensitivity [15, 22], this approach aims to
objectively detect subtle airway abnormalities in symp-
tom-free period. However, it has been pointed out that
the influence of airflow (L/sec) on inspiratory sounds
is large [8, 15].

In the acute phase of acute bronchiolitis, it is
presumed that the tidal volume decreases due to sig-
nificant air trapping, and the decrease in inspiratory
airflow leads to insufficient ventilation [17]. Therefore,
it is understandable that the abnormality of inspiratory
sound is not clear during the exacerbation phase;
rather, the greatest changes are seen during the period
of improvement. However, there are many unknowns
regarding the cause of inspiratory sounds, which are
mainly alveolar breath sounds, thought to be due to
turbulence during inspiration [33]. Because elucidating
the pathogenesis of RSV acute bronchiolitis is believed
to be important for considering the physiological
causes of abnormalities in lung sounds, we plan to
continue our research in the future.

The most clinically significant finding of this study
is that the inspiratory and expiratory sounds of the
patients did not return to normal, even close to the
date of discharge. The median time from onset to hos-
pitalization was 4 days, and the median length of hos-
pitalization was 7 days; it was estimated that the time
to discharge was approximately 11 days after the onset.
However, in this study, it is noteworthy that significant
differences were observed between the inspiratory and
expiratory sound parameters and healthy children,
more than 14 days after onset. Although the time was
divided into three groups and changes in lung sound
parameters were analyzed using a GEE, no significant
differences were observed among the groups. This may
be related to the presence of severe airway damage
caused by RSV infection at all phases.

Pathological findings of RSV acute bronchiolitis in-
clude necrosis of bronchial epithelial cells, hyperplasia

of bronchiolar epithelium, infiltration of monocytes
and T cells into the bronchi, and infiltration of neu-
trophils between blood vessels and bronchi [30, 34].
We have previously reported a significant correlation
between the E/I value and the severity score of RSV
acute bronchiolitis [16]. Previous studies on lung
sounds in healthy infants have shown abnormalities
in lung sound parameters in infants with a history
of RSV infection [11, 22]. However, it is unclear how
long the damage from a single RSV infection lasts
and what types of children are more likely to sustain
damage from RSV infection. Understanding the long-
term condition of the airways after RSV infection is
important for the infant's subsequent lung function,
and lung sound analyses appear to be useful for this
purpose.

This study had some limitations. Because it was a
retrospective observational study, the timing and fre-
quency of lung sound measurements for hospitalized
patients with RSV acute bronchiolitis were not consis-
tent. If the study had been designed prospectively, con-
sistent frequency and timing of measurements might
have allowed for more definitive conclusions. Future
studies based on lung sound measurements from the
date of onset for each patient are desirable.

Furthermore, although it has been reported that
the high-pitched region of the spectrum of inspiratory
sound as alveolar respiratory sounds increases due
to airway narrowing [10, 35], it was not possible to
provide an answer to the more fundamental ques-
tion of whether a similar mechanism occurs in RSV
acute bronchiolitis [16, 17]. It was speculated that the
increase in expiratory sound intensity in acute bronchi-
olitis is mainly due to the influence of viscous sputum
[16, 17]; however, the abnormality in inspiratory sound
in this study was speculated to be due to a different
mechanism. The cause of normal inspiratory sounds
in lung sound analyses has not yet been clarified [33],
which is a major problem and will be addressed in the
future.

CONCLUSION

It is necessary to continue to evaluate individual
patients with airway damage caused by RSV infection,
even after discharge from the hospital. In this study,
we utilized a lung sound analysis, which is simple, safe,
and can directly assess the state of the airway [21, 22].
We confirmed the changes in lung sounds over time
from the acute to the recovery phase of RSV acute
bronchiolitis. Observing the progression of airway
obstruction and dynamic changes in respiratory physi-
ology in RSV acute bronchiolitis is expected to provide
great benefit in the future in understanding airway
symptoms and improving treatment through lung
sound analysis.

Furthermore, comparing infants with healthy
children of the same age, our results suggest that
respiratory tract damage persists in infants with RSV
acute bronchiolitis even after discharge from the hos-
pital, which is important and confirms the need for
follow-up observation. We plan to continue using lung
sound analyses to investigate the characteristics of the
respiratory condition in infants with RSV acute bron-
chiolitis.
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ABBREVIATIONS

Al artificial intelligence
GEE: generalized estimating equations
ML: machine learning

COPD: chronic obstructive pulmonary disease

RSV: respiratory syncytial virus

0 point: the maximum point of breath sound spectrum
extracted from parameter analysis

AUC: area under the curve

Fyo: 99% of maximum point in breath sound spectrum

FAP,: analysis parameter of frequency at the 0 point

PAP,: analysis parameter of power at the 0 point

A, total area under the curve of 100 Hz to the 0 point

A,: third area under the curve divided into 3 parts

B,,: fourth area under the curve divided into 4 parts

A, /A+: Ratio of high-pitched third area to total area

B,,/A.: Ratio of high-pitched fourth area to total area

dBF;,: dB at F,,

dBF,;:dBat F,;,

RPF;, : Ratio of power to (Fgq,-Fy, )[ = dBF;, /(Fyq -F, )]

RPg;;,: Ratio of power to (Fyq -F;; ) = dBF;; /(Fg -F; )

E LF: the expiratory sound power in a low-frequency
range

I LF: the inspiratory sound power in a low-frequency
range

E MF: the expiratory sound power in a mid-frequency
range

I MF: the inspiratory sound power in a mid-frequency
range

E/I LF: the expiratory-to-inspiratory sound power ratio
in a low-frequency range

E/I MF: the expiratory-to-inspiratory sound power
ratio in a mid-frequency range

EXPLANATION OF TABLES

Table 1: Patient profile

Table 2: Regression coefficients for lung sound param-
eters over time after bronchiolitis infection using
generalized estimating equations (n = 54)

In all parameters, the generalized estimating equa-
tions showed no significant differences among the
three groups.

Table 3: Changes of estimated marginal means in pa-
rameters of lung sounds over time after bronchiol-
itis infection using generalized estimating equations
(n=>54)

No significant differences were observed for sound
power or inspiratory sound parameters; however,
each parameter tended to change over time.

Table 4: Comparison of lung sound parameters among
three groups after bronchiolitis infection using gen-
eralized estimating equations (n = 54)

No significant differences were observed in the
comparison of acoustic power and inhalation sound
parameters between the three-phase pairs.

Table 5: Comparison of lung sound power over time
after bronchiolitis infection with those of controls
Significant changes over time were observed
for each parameter among the six groups. The
Bonferroni correction test was used as the criterion
for significant differences, with p < 0.01 indicating
statistical significance.

Table 6: Comparison of inspiratory sound parameters
after bronchiolitis infection with those of controls
Significant changes over time were observed
for each parameter among the six groups. The
Bonferroni correction test was used as the criterion
for significant differences, with p < 0.01 indicating
statistical significance.
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