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Background: The parameters of lung sounds have been suggested as biomarkers of airway changes. Using a
commercially available lung sound analyzer, we investigated the characteristics of the lung sounds in infants
with acute respiratory infection (ARI).
Methods: Infants with ARI who were 6 to 18 months of age were included in this study. The lung sound
parameters, the ratio of the third area and fourth areas to the total area under the curve of the sound spectrum
(A3/AT and B4/AT), and the ratio of power and frequency at 75% and 50% of the highest frequency of the power
spectrum (RPF75 and RPF50) were evaluated. With an original Japanese questionnaire based on American
Thoracic Society-Division of Lung Disease, the risk factors of asthma development in infants were examined.
Results: One hundred ten infants with ARI and 248 infants in good health for comparison were included.
All infants were completely analyzed, and then divided into 2 age groups for a stratification analysis (6–12 and
13–18 months). In the overall analysis, among infants with a history of wheezing, recurrent wheezing, allergy,
and atopic dermatitis, the values of RPF50 of infants with ARI were significantly lower compared with those
without ARI. In the 6- to 12-month-old group, the RPF50 values of atopy-positive infants with ARI were lower
compared with those without ARI (P = 0.003).
Conclusions: The lung sounds of the infants with asthma-developing risk factors were more affected by ARI
than those of infants without risk factors. Analyzing the changes in the lung sounds induced by ARI may be
useful for evaluating the characteristics of the airways in infants.
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Introduction

The diagnosis and intervention should be made as
early as possible in infants who are likely to develop

asthma, as early action is associated with immeasurable ben-
efits, such as significant treatment and patient education for the
long-term improvement and remission of asthma.1 However,
the diagnosis of asthmatic children <5 years is difficult.2,3

Large-scale prospective research on risk factors for the
development of asthma has been conducted.4,5 Infants with
an atopic condition or other risk factors related to recurrent
wheezing tend to develop childhood asthma.4 Although some
indices are utilized,6 a more accurate criteria for diagnosing
childhood asthma is required in the pediatric clinical field.

A lung sound analysis is a simple and safe technique for
assessing bronchial changes.7 Recently, novel methods of
signal processing have been developed, and the extraction
of information from lung sounds became accurate.8–10 Ac-
cording to previous reports, lung sounds are sensitive to air-
way changes. Even in infants, significant differences in the
lung sound parameters are observed by airway narrowing.10,11

Furthermore, wheezing-like inaudible noises have been stud-
ied in children with asthma12 and cough-variant asthma.13,14

Recently, a large-scale multicenter-prospective study was
conducted using an analysis of inspired lung sounds. In in-
fants participating in an infant health examination, statistical
differences were noted in the parameters of lung sounds of the
infants with atopy compared with those of the controls.15
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In this study, we focused on acute respiratory infection
(ARI), which induces an unavoidable stress on respiratory
tracts in infants. Using a new method of analyzing lung sounds
that is less strongly affected by the age, stature, and lung
function,10,11 the relationship between the risk factors related to
asthma development and the parameters of the lung sound
spectrum of infants with ARI were examined, and the results
were compared with those of age-matched infants without ARI.

Patients and Methods

Study subjects

To avoid any influence of age or structure, we also determined
that the age range of the subjects was 6–18 months. In a cross-
sectional study of a prospective multi-institutional study (Diag-
nosis of Infantile Asthma Using Lung Sound Analysis; DIAL),15

115 infants with ARI (median age, 8 months, boy:girl, 52:63)
who attended a health checkup for infants at Isehara Municipal
Clinic, Dokkyo Medical University, National Hospital Organi-
zation Yokohama Medical Center, Yamato Municipal Hospital,
and Uchida Iin Y Child Clinic from January 1, 2012, to March 31,
2016, agreed to participate in this study. Informed consent to their
participation in this study was obtained from all subjects. The
criteria of exclusion were as follows: infants with severe diseases
of heart, lung, and others, with a fever, and/or respiratory
symptoms.15 For a comparison, 248 age-matched infants who
had been in good health in a previous study15 were included.

In this report, ‘‘infants with ARI’’ referred to infants who
had had an ARI within the past 7 days, and ‘‘infants in good
health’’ means infants who had not had an ARI within the past
7 days. The presence of an ARI was judged by the guardians
based on the existence of airway symptoms, such as nasal
discharge, nasal congestion, moist cough, wheezing, and
shortness of breath with or without a fever.16 No subjects had
received medication for long-term management before the test.

Study design

The assessments were performed in the presence of
guardians, mainly their mothers. The lung sounds were
collected when taking rest. The absence of wheezing and
rales was confirmed based on auscultation by a pediatrician
before lung sound collection.

Questionnaire

Based on American Thoracic Society-Division of Lung
Disease, an original Japanese questionnaire17 was used
(Table 1). By Question 1, the history of ARI within 7 days of
the visit was collected. The history of wheezing, the factors
related with respiratory infection and atopy, which are rec-
ognized as asthma-development risk factors, was collected
through subsequent questions.1,2 In this study, a domestic pet
meant an animal with fur, cat, dog, or other animals. Posi-
tivity for passive smoking referred to living in the presence of
1 or more family members who smoked. Positivity for a
family history of allergy referred to a family member within
2 degrees having a history of allergic diseases.15

Lung sound analysis

A lung sound analysis was performed for all participants,
as described previously.10,18,19 Lung sounds were collected

in a quiet booth using a dedicated hand-held small micro-
phone. The microphone was placed on the right upper
anterior chest at the second intercostal space on the mid-
clavicular line. Lung sounds at inspiration were analyzed
using a sound spectrometer (LSA-2000; Kenz Medico Co.,
Saitama, Japan).10,18

The recorded sounds were analyzed according to a fast
Fourier transformation. The sampling frequency was
10,240 Hz. The spectra were obtained using a Hanning
window. The sounds were displayed as a spectrograph. The
dBm values were plotted on the Y-axis, and the Hz values
were plotted on the X-axis. To analyze the power spectrum
images, the zero point of the Y axis (0 dB) was decided
based on the mean of the background noise, and was con-
sidered to be -90.0 dBm in this report.10,18

The point of the maximum frequency (Hz) in the shape
during inspiration was used for the sound spectrum analysis.
The third area under the curve (A3), fourth area under the
curve (B4), and total area under the curve of 100 Hz to the
highest frequency of the dBm power spectrum (AT) were
conventionally calculated according to the Hz and dBm
[1 arbitrary unit (dBm$Hz) on a spectrum curve]. The
A3/AT, B4/AT, RPF75, and RPF50 were calculated by a con-
ventional method. A 5-point moving average was used as a
smoothing technique for the slope of the sound spectra.10,18

Three lung sound samples from among >10 samples were
obtained. In each institute, 2 or more licensed pediatricians
discussed the selection of sound samples with the same-
shaped sound spectrum and without noises for each indi-
vidual.15 After the point of the maximum frequency was
determined, personal lung sounds were automatically cal-
culated using an in-house calculation software program.15,19

The median value from 3 samples was calculated for each
subject.

Statistical analyses

The statistical analyses were performed using the SPSS
software program (IBM SPSS Statistics, Version 22 for
Windows; IBM Corp., Armonk, NY). Wilcoxon’s signed-
rank test was used to compare 2 samples. Bonferroni’s
correction was used for multiple comparisons, and the level
of statistical significance was set at P < 0.025 (0.05/2 =
0.025). A Fisher’s exact test was used for the test of
independence.

Ethics

Written informed consent was obtained from their guard-
ians, and the study protocol was approved by the Insti-
tutional Review Board of Tokai University Hospital (No.
11R-158, approval date; December 21, 2011).

Results

The lung sound analysis

One hundred ten of the 115 subjects with ARI within
the past 7 days at the first visit (95.7%) successfully did
a lung sound testing (Table 2). Five infants did not partic-
ipate through the final respiratory sound analysis due to
crying or restlessness. In these 110 subjects (range, 6–18
months; mean age, 8 months, male:female, 50:60), none of
the lung sound spectrograms showed outside noises. For a
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comparison, we analyzed the 248 infants (range, 6–18
months; mean age, 8 months, male:female, 117:131) who
had no history of ARI within the past 7 days.15

Differences in the lung sound parameters
in each questionnaire item between the infants
with and without an ARI

In the overall study population, among infants with a
history of wheezing, recurrent wheezing, allergy, and atopic
dermatitis, the values of RPF50 of the infants with ARI
were significantly lower than those of infants without ARI
(P = 0.009, 0.004, 0.001, and <0.001, respectively) (Fig. 1).
Among the infants with a history of allergy, the RPF75

values of infants with ARI were also significantly lower
than those of infants without ARI (P = 0.009, Table 3). The
analysis of passive smoking, domestic pets, and air pollu-

tion did not show any statistically significant differences
between the ARI-positive and ARI-negative groups (data
not shown).

In Table 2, there was a significant difference in age
between the infants with ARI and the infants without ARI
(P < 0.001, Table 2). To avoid the effect of age, we divided
the subjects with ARI into 2 age groups for a stratifica-
tion analysis; 6–12 months (n = 58, median age, 7 months,
male:female, 26:32) and 13–18 months (n = 52, median age,
18 months, male:female, 24:28). In the 2 groups, there was
no difference in age between the infants with ARI and the
infants without ARI. In the positive-responding infants
with atopy in the group 6–12 months of age, the RPF50

values in those with ARI were significantly lower than in
those without ARI (P = 0.003) (Table 4). In contrast, in the
negative-responding infants with atopy in the group 6–12
months of age, the RPF50 values in those with ARI were not

Table 1. Original Questionnaire (Translated to English)

Child’ name ___________ Address __
Sex (1, Male 2, Female), Birthday (___ /___/20__), Age ___years___month,
Height _______cm, Weight ____kg, Birth weight ____kg

Q1. Has your child recently caught an acute respiratory infection?
1. He/She has not had an acute respiratory infection for a week.
2. He/She recovered from an acute respiratory infection ( ) days ago.
3. He/She has an acute respiratory infection now.

Q2. When your child breathes, have you heard the sound of wheezing or whistling?
(1, Yes 2, No)

Q3. When your child has had a cold, have you heard a wheezy or whistling sound?
(1, Yes 2, No)

Q4. How many times has your child’s chest sounded wheezy?
(1, 0 times, 2, 1–2 times, 3, 3–6 times, 4, 7–12 times, 5, More than 13 times)

Q5. Has your child suffered from attacks characterized by difficulty breathing with wheezing or whistling?
(1, Yes 2, No)

Q6. If yes, how many such attacks has your child had?
(1, 0 times, 2, 1–2 times, 3, 3–6 times, 4, 7–12 times, 5, More than13 times)

Q7. Has your child been diagnosed with bronchial asthma or asthmatic bronchitis by a physician?
(1, Yes 2, No)

Q8. Has your child been diagnosed with an RS virus-induced respiratory infection?
(1, Yes 2, No)

Q9. Has your child been hospitalized because of bronchial asthma, bronchitis, or pneumonia?
(1, Yes 2, No)

Q10. Does your child have any allergies? (1, Yes 2, No)
If yes and a blood test was performed, please select all that were positive.

(1. Mites 2. House dust 3. Cedar Pollen 4. Cat dander 5. Egg white 6. Milk 7. Others ( ) )

Q11. Has your child been diagnosed with atopic dermatitis by a physician?
(1, Yes 2, No)

Q12. Do your child’s family have any of the allergic diseases described below?
Please connect the corresponding upper and lower words with a line.

[Asthma, Allergic rhinitis (hay fever), Atopic dermatitis, Others]

[Father, Mother, Siblings, Grandparents]

Q13. Is there anyone who smokes in your house? Please circle all that apply.
(1, Father 2, Mother 3, Others 4, None)

Q14. What kind of domestic pets do you keep?
(1, Dog 2, Cat 3, Others 4, None)

Q15. Is there a road with heavy traffic near the house? (1, Yes 2, No)

LUNG SOUND AND ACUTE RESPIRATORY INFECTION 149

D
ow

nl
oa

de
d 

by
 B

IB
L

IO
SA

N
 r

em
ot

e 
ci

le
a 

cl
as

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
0/

25
/2

0.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



significantly different from the values in those without ARI.
Other parameters showed no significant differences (data
not shown). With no significant differences, the same ten-
dency was seen in the group 13–18 months of age (Table 5).

Differences between the infants with positive
responses for Question 2–6 and those with positive
responses for Question 10–12

To confirm the presence of any overlap between the in-
fants with positive responses to wheezing-related items
(Question 2, 3 or 5) and those with positive responses to
atopy-related items (Question 10 or 11), we performed a
Fisher’s exact test. The numbers of infants with both wheez-
ing and atopy, with wheezing and without atopy, without
wheezing and with atopy, and without either wheezing or
atopy were 7, 50, 55, and 286, respectively. The P value of
Fisher’s exact test was 0.494. There were no differences
in spectrum curve indices between the infants with atopy
and without wheezing and the infants without atopy and
with wheezing (Data not shown).

Discussion

We have studied the usefulness of a lung sound analysis
as a reliable, safe lung function test for infants and chil-
dren.10,11,18 In our recent study, we reported the effects of
risk factors of asthma development on the lung sound pa-
rameters in infants.15 In that study, 95.7% of the participants
were able to perform a lung sound analysis. These results
show the suitability of a lung sound analysis for evaluating
the lung function of infants.

To our knowledge, this is the first report to discuss the
characteristics of lung sounds in infants with ARI. In this
report, it is interesting that the values of spectrum curve
indices, especially the RPF50 value in the infants with ARI,
were significantly lower than those in the infants without

Table 2. Characteristics of the Study Population With and Without Acute Respiratory Infection

ARI negativea ARI positive P

No. of subject 248 110 —
Age 8 (7, 9)b 8 (7, 18) <0.001
Sex (male/female) 117/131 50/60 0.934
Height (cm) 69.0 (67.0, 71.5) 70.0 (68.0, 76.0) <0.001
Weight (kg) 8.2 (7.6, 9.1) 8.6 (7.9, 9.5) <0.001

Question Positive Negative Positive Negative

History of wheezing 57 (23.0) 191 (77.0) 51 (46.4) 59 (53.6)
Allergy 17 (6.9) 231 (93.1) 10 (8.7) 100 (90.9)
Atopic dermatitis 19 (7.7) 229 (92.3) 18 (15.7) 92 (83.6)
History of RSV infection 12 (4.8) 236 (95.2) 11 (9.6) 99 (90.0)
Hospitalization 4 (1.6) 244 (98.4) 11 (9.6) 99 (90.0)
Passive smoking 60 (24.2) 188 (75.8) 51 (46.4) 59 (53.6)
Domestic pets 80 (32.3) 168 (67.7) 27 (24.5) 83 (75.5)
Family history of allergy 189 (76.2) 59 (23.8) 85 (77.3) 25 (22.7)
Wheezing groupc 57(23.0) 191(77.0) 52(47.3) 58(52.7)
Atopy groupd 34(13.7) 214(86.3) 21(18.3) 89(80.9)

P value, Mann–Whitney U test.
aFrom the DIAL study (Ref. 15).
bMedian (first quartile, third quartile).
cPositive response to Question 2, 3, or 5
dPositive response to Question 10 or 11.
ARI, acute respiratory infection; DIAL, Diagnosis of Infantile Asthma Using Lung Sound Analysis; RSV, respiratory syncytial virus.

FIG. 1. A comparison of the 4 groups of infants with or
without atopy. The Mann–Whitney U test was used for these
comparisons. In the positive-responding infants with atopy,
the RPF50 value of those with ARI was significantly lower
than in those without ARI. Among the infants without atopy,
there were no significant differences in the RPF50 value
between the infants with and without ARI. Among the in-
fants without ARI, the RPF50 value in those with atopy was
higher than in those without atopy. Atopy group: infants
with positive responses for atopy-related items (Question 10
or 11). ARI, acute respiratory infection; RPF75 and RPF50,
ratio of power and frequency at 75% and 50% of the highest
frequency of the power spectrum.
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ARI, when they had risk factors of atopy-related items
(positive responses to Question 10 or 11). This tendency was
not statistically seen in the infants without risk factors for
asthma. Furthermore, in our previous report, the RPF50 va-
lue in the infants with risk factors of atopy-related items was
statistically higher than those in infants without risk factors
of atopy-related items when they did not have ARI.15 We
speculate that the lung sounds of the infants with the risk
factors of asthma were more markedly affected by ARI than
those of the infants without these risk factors.

We previously reported that the sound spectrum curve
indices were decreased by bronchoconstriction with me-
thacholine inhalation18 and increased by bronchodilatation
with b2 agonist inhalation.19 The A3/AT and B4/AT values
are the ratio of the higher frequency areas (A3 and B4) to the
total area (AT) of the sound spectrum. The RPF75 and RPF50

indicate the angles of the high-frequency area of the sound
spectrum. The RPF50 is more sensitive to the changes in the
moderate-to-high-pitched sound areas than the RPF75. When
bronchoconstriction is induced, the change mainly occurs in
the high-frequency area of the sound spectrum.20,21 A pro-
longed high-frequency area with bronchial constriction
resulted in decreases in the RPF75 and RPF50 values.10,18

The characteristics of infants with risk factors for asthma
development may have already been present in this period,
and we thought that some constriction of the airways in such
infants might have easily been induced by inflammation
with respiratory tract infection.

The ARI in this report was likely induced by respiratory
viruses22 and a natural stimulus of the airway in infants.
Many reports have suggested the relationship between re-
spiratory tract infections and recurrent wheezing and/or

Table 4. Results of the Analysis of Parameters in the Lung Sound Spectrum in Infants 6–12 Months

of Age With and Without Acute Respiratory Infection

Question (positive)

P

Question (negative)

PARI (+) ARI (-) ARI (+) ARI (-)

History of admission RPF75 7.7 (5.9, 9.8)a 5.8 (5.7, 6.6) 0.132 7.1 (5.3, 9.0) 7.3 (5.7, 9.6) 0.305
RPF50 6.6 (6.2, 8.1) 6.8 (6.0, 7.4) 0.937 6.2 (5.1, 7.7) 6.9 (5.4, 8.4) 0.071

Allergy RPF75 5.2 (3.6, 9.2) 8.0 (6.9, 9.8) 0.120 7.3 (5.6, 9.1) 7.2 (5.7, 9.5) 0.779
RPF50 4.8 (2.6, 7.4) 7.3 (6.8, 8.5) 0.052 6.4 (5.3, 7.7) 6.8 (5.4, 8.3) 0.293

Atopic dermatitis RPF75 6.2 (5.2, 8.9) 8.0 (6.2, 8.7) 0.272 7.3 (5.4, 9.0) 7.2 (5.7, 9.5) 0.719
RPF50 5.3 (4.0, 7.4) 7.5 (6.7, 8.7) 0.025 6.4 (5.3, 7.8) 6.8 (5.4, 8.3) 0.393

Atopy group RPF75 5.7 (4.5, 8.0) 8.0 (6.4, 9.1) 0.048 7.4 (5.5, 9.1) 7.2 (5.7, 9.5) 0.946
RPF50 5.3 (3.5, 7.2) 8.0 (6.4, 9.1) 0.003 6.4 (5.3, 7.9) 6.7 (5.4, 8.3) 0.648

Passive smoking RPF75 7.4 (5.6, 8.7) 7.2 (5.8, 10.1) 0.657 7.1 (5.2, 9.3) 7.3 (5.7, 9.5) 0.566
RPF50 6.3 (5.3, 7.9) 7.0 (5.6, 8.2) 0.305 6.3 (5.1, 7.5) 6.8 (5.4, 8.4) 0.183

Domestic pets RPF75 7.6 (6.2, 8.6) 8.0 (5.6, 10.2) 0.738 7.0 (5.1, 9.3) 7.2 (5.7, 9.5) 0.430
RPF50 7.2 (5.7, 7.7) 7.1 (5.9, 8.6) 0.411 6.3 (5.1, 7.6) 6.8 (5.4, 8.3) 0.096

Air pollution RPF75 8.1 (5.8, 9.9) 7.5 (5.8, 9.9) 0.450 6.4 (5.2, 7.4) 7.2 (5.7, 9.1) 0.056
RPF50 5.8 (4.6, 7.1) 6.8 (5.5, 8.8) 0.889 5.8 (5.1, 6.8) 6.9 (5.5, 8.1) 0.098

Bold letters represent values with a significant difference (P < 0.025).
aMedian (first quartile, third quartile).
P value, Mann–Whitney U test.
ARI, acute respiratory infection.

Table 5. Results of the Analysis of Parameters in the Lung Sound Spectrum in Infants 13–18 Months

of Age With and Without Acute Respiratory Infection

Question (positive)

P

Question (negative)

PARI (+) ARI (-) ARI (+) ARI (-)

History of admission RPF75 3.4 (3.0, 6.3)a — — 3.1 (3.0, 9.1) — —
RPF50 5.4 (3.6, 7.3) — — 4.9 (3.4, 6.3) — —

Allergy RPF75 6.3 (5.0, 7.9) 8.7 (7.9, 8.7) 0.381 5.0 (3.7, 6.7) 10.0 (7.7, 10.0) 0.226
RPF50 4.0 (3.2, 7.2) 6.0 (3.9, 7.2) 0.095 4.2 (3.0, 6.0) 5.0 (3.9, 7.2) 0.197

Atopic dermatitis RPF75 6.4 (5.4, 9.2) 8.8 (7.9, 8.8) 0.517 6.3 (4.9, 7.0) 9.7 (7.7, 9.7) 0.135
RPF50 3.9 (3.0, 6.3) 5.8 (3.8, 7.2) 0.067 3.9 (3.0, 5.2) 4.8 (3.9, 7.1) 0.093

Atopy group RPF75 6.3 (5.6, 9.2) 8.8 (7.9, 8.8) 0.376 5.7 (4.1, 6.9) 5.8 (3.8, 7.2) 0.113
RPF50 3.8 (2.9, 6.1) 9.7 (7.7, 9.7) 0.048 4.1 (3.0, 5.3) 4.8 (3.9, 7.1) 0.116

Passive smoking RPF75 5.4 (2.8, 6.2) 6.1 (4.9, 7.5) 0.144 4.7 (3.6, 8.1) 6.2 (3.7, 8.3) 0.740
RPF50 4.2 (3.4, 5.0) 5.0 (4.2, 8.6) 0.126 4.6 (3.0, 7.7) 5.0 (3.8, 8.3) 0.460

Domestic pets RPF75 5.0 (3.0, 7.4) 7.0 (5.0, 8.7) 0.238 5.4 (3.3, 7.2) 5.5 (3.6, 7.2) 0.682
RPF50 4.6 (3.1, 5.0) 6.2 (3.5, 10.3) 0.104 4.2 (3.3, 6.4) 4.9 (4.1, 7.0) 0.454

Air pollution RPF75 5.4 (3.9, 6.9) 6.0 (3.5, 8.8) 0.839 3.6 (2.8, 7.3) 6.1 (5.0, 7.1) 0.261
RPF50 4.9 (3.3, 6.3) 5.0 (3.3, 11.0) 0.482 4.2 (3.2, 5.9) 5.0 (4.1, 7.2) 0.114

aMedian (first quartile, third quartile).
P value, Mann–Whitney U test.
ARI, acute respiratory infection.
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asthma development.23,24 In infants, ARI is popular and
will likely be experienced many times over the course of a
year.25 Such events can be considered provocation tests in
daily life that is not what they want. Indeed, the negative-
response group showed a trend in which the spectrum curve
indices among ARI-positive infants were slightly smaller
than those in ARI-negative infants. Effective treatment and
patient education requires understanding that some causa-
tive mechanisms of asthma are already present in infancy.
Using a lung sound analysis, which can detect fine changes
in airways,19,26 we may be able to diagnose asthma during
these respiratory provocations early in life. However, such
efforts will require available data on lung sounds with and
without ARI for each individual subject.

Among infants with risk factors for asthma, 2 groups
of this study—infants with wheezing (positive response to
Question 2, 3, or 5) and infants with atopy (positive re-
sponse to Question 10 or 11)—may have different pathol-
ogies. However, in lung sound analysis, the ARI induced the
same reaction on the airways of both of these groups. This
finding may underscore the clinical universality of their
airways, such as their bronchial hyperresponsiveness.27 We
further speculated that this result indicates the presence of
pathological phenotypes of wheezy infants and/or infantile
asthma.

Among the infants without ARI, the RPF50 value in those
with atopy were higher than in those without atopy.15 This
tendency may be due to the fact that the middle-pitched
sound area in the lung sound spectrum was emphasized.
Previous results suggest that, the middle-pitched lung sounds
in healthy-state atopic infants were stronger than those in
nonatopic infants.15,28 The high-frequency area of the in-
spired lung sound may have been induced by the peripheral
bronchial narrowing,10,11 and some constriction near the
central airways may produce a middle-pitched lung sound in
them. However, it was not able to directly suggest the por-
tion of the bronchi that caused the additional lung sounds.
We will study this point in the near future.

In the present study, there were no marked differences in
the spectrum curve indices when comparing with or without
passive smoking (Question 13), domestic pets (Question
14), and air pollution (Question 15). Smoking in mothers is
suggested to be harmful for infants.29,30 However, the effect
of family smokers or pets with fur was clearly affected by
background factors, familial economy, parents’ education
level, and other factors.31 Sufficient and appropriate classi-
fication of participating families is required to examine the
influence of certain factors on the lung sound analysis.

One of the limitations associated with this study was that
it was not able to identify which virus or bacteria caused
ARI. The major cause of ARI is likely a viral infection.22

Since some viruses are known to be associated with asthma
development in infants and children,32,33 it is meaningful to
identify the causative viruses. This study was a multicenter,
questionnaire-based, cross-sectional trial. In the next trial,
we plan to check viral antigen. Another limitation was that
we did not have correct data on the effect of aging on lung
sounds in infants. In this report, as there was a clear dif-
ference in age between the infants with ARI and the infants
without ARI, we examined both the data of the overall study
population and a stratified analysis by age, which yielded
similar results. We should collect more data on the lung
sounds of individual subjects with and without ARI.

Conclusion

Our results clarify that the lung sounds of the infants with
risk factors for asthma are clearly affected by ARI,34 which
may aid in the objective examination of bronchial revers-
ibility. Of note, infants without risk factors for asthma
showed no major influence of ARI on their airways. Our
results seem to be convincing, as the infants with risk factors
for asthma may have been predisposed in some manner with
regard to bronchial hyperresponsiveness of their airways.
Furthermore, the present findings suggest the usefulness of
some common risk factors of asthma development. New
diagnostic criteria of asthma-developing risk factors may be
determined in combination with the ARI history and ap-
propriate risk factors and lung sound data in the near future.
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