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Abstract

Aims: To evaluate night-time cough patterns in children with either acute wheezing or an URTI, and to correlate them to the clinical
diagnosis.

Methods: Night-time cough variables of 49 children diagnosed with acute wheezing and with URTI were compared using a portable
cough monitoring instrument placed in the child’s room.

Results: Children with acute wheezing had significantly more coughs per night, a longer duration of cough sounds, a higher number of
coughing bouts per night, and a higher number of coughs per second within a bout, than children with an URTI. Children with acute
wheezing coughed significantly more between 23.00 and 01.00, whereas between 01.00 and 06.00 there was no significant difference
in the number of coughs between the two groups.

Conclusions: Significant differences were found in night-time cough variables between children with an acute episode of wheezing and
children with an URTI. This could be useful in clinical practice.
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Introduction
A limited number of studies describe objective cough
variables in healthy and sick children. A study by Munyard and
Bush1 demonstrated an average of 11.3 coughs per 24 hours
in healthy primary school children, with rare nocturnal cough,
and Chang et al. recorded an average of 10 coughs/day in
healthy children.2

Cough is a frequent symptom in children with acute
wheezing (asthma and bronchiolitis) as well as in children
with an upper respiratory tract infection (URTI).3,4 Although an
acute episode of wheezing is heralded by cough,5 the clinical
value of cough is limited, since its frequency does not

correlate well with disease severity or with deterioration in
lung function.6,7 Cough related to acute wheezing and to
URTI may worsen at night, when there is limited ability for its
objective assessment. Objective evaluation of pediatric
asthma at home, using a peak flow meter, is limited by the
inability of toddlers to use the device properly, is dependent
on the will and effort of the child, and cannot be performed
on a sleeping child. Quantitative evaluation of cough is also
difficult. Cough questionnaires for parents are inaccurate and
are plagued with recall bias.8,9 Differentiation between cough
associated with acute wheezing and cough associated with
an URTI could help in making an accurate diagnosis.
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A USA recommendation regarding cough evaluation
expressed the need for cough counting over many hours,
using a reliable, accurate, non-invasive, and portable
computerised methodology that can function unattended
within a patient’s home environment.10 Currently, most
objective cough monitors are based on cough recording, with
or without the additional measurements of chest
electromyogram or video recording.11-15 Monitors that include
a microphone or electrodes attached to the patient’s skin are
limited by the inconvenience imposed on the patient, by
restriction of body movements, and by the risk that the
attached device may fall off. Most of the studies that
employed cough monitors were conducted in adults. 

In this preliminary study we used a portable cough
monitoring instrument, based on a voice recorder and a
microphone, located in the patient’s room at home, with
software that analyses the temporal variables of cough signals.
We evaluated cough patterns in children with URTI or with
acute wheezing (with or without an accompanying URTI), and
correlated them with the clinical diagnosis. Our hypothesis
was that children with an acute wheezing attack experience
more coughing episodes during the night and especially
towards morning, compared to children with an acute URTI. 

Methods
Patients
Subjects were selected from those children who visited
community pediatric clinics between December 2003 and
February 2005. Acute wheezing and URTI were the clinical
inclusion diagnoses, based on the following clinical criteria:
acute wheezing – acute respiratory difficulty in a child who
currently has expiratory wheezing and cough; URTI – acute
illness, with runny nose and cough but no signs of bacterial
complications such as pneumonia, sinusitis, or otitis media,
with or without fever. Because URTI is a common provocation
of asthma and bronchiolitis, children with acute wheezing with
accompanying URTI were included in the wheezing group.

The treatments for acute wheezing and for URTI were
based on the physician’s discretion. Exclusion criteria were
patients who needed antibiotics or who were treated with
cough suppressants, and any chronic condition associated
with cough, except asthma. 
Equipment
The cough recorder, monitor, and analyser is capable of
recording cough sounds continuously over more than 12
hours. One sub-unit contains the audio acquisition and pre-
filtering functions. It is installed on a laptop computer, and
thus can be placed in a patient’s home. The microphone is not
attached to the patient. The unit is able to eliminate
environmental noises and record only cough and cough-like
sounds. Capacity is limited only by computer memory. A

second sub-unit eliminates cough-like noises. The instrument
was found to have a sensitivity of 98% in recognising cough
sounds; however, the false positive rate was 17%.16 In our
study, a technician examined all the audiograms and removed
cough-like sounds, thus eliminating the false positive signals.
Study procedure
Permission to record the child’s cough sounds at home was
obtained from the parents on the night following the
enrolment. A laptop computer with the installed cough-
recorder and analyser was placed near the child’s bed.
Recording was pre-set to start at 23.00 and to stop at 06.00,
assuming that during these hours the child was asleep. 

The electronic recordings were displayed on the computer
screen as phonograms, coupled with the audible
corresponding sounds. Signals that were not recognised by
the human ear as coughs while examining the audio
recording were excluded.
Data analysis
Analysis was based on definitions of cough, coughing bout,
cough latency, and distribution of these variables along the
time axis. ‘Cough’ was defined as a single sound, short and
abrupt, as recognised by a human observer; this is the result
of a single abrupt opening of the glottis, following an
increase in thoracic pressure. A single cough can easily be
recognised by looking at a phonogram. A ‘coughing bout’
was defined as a sequence of cough sounds with
interruptions of up to one inspiration at a time. A bout may
have any number of single inspiration breaks. ‘Cough latency’
was defined as the time from the end of the last cough or
bout to the beginning of a new bout or single cough, as long
as that period was more than four seconds long. The
rationale for this definition is that a patient is able to inspire
twice in the time period of four seconds, thus making the
following cough a new bout. This definition is similar to the
one used by Davies et al.17

Measurements of coughs, bouts, cough latencies, and
their length and time of occurrence, were performed by the
computer with an accuracy of one centile of a second.
Statistical analysis was conducted using SPSS software.
Standard nonparametric (chi-square) and parametric (t-test
and ANOVA) statistics were run to compare cough patterns,
clinical diagnosis and demography. A p value <0.05 was
considered statistically significant.

The study was approved by the institutional research
review board. Parental informed consent was requested by the
primary pediatrician after the conclusion of a clinical encounter
where an acute wheezing episode or an URTI was diagnosed.

Results
Population 
Sixty-nine children were recruited. Twenty children were not
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included in the data analysis due to technical problems: four
moved to another room during the night; in four cases there
was power failure or an unplugged microphone; and in 12
cases (6 in each group) no cough was recorded. The remaining
49 children constituted the study population. The mean age,
gender, duration of illness, and clinical diagnosis of
participating children are summarised in Table 1.

In the wheezing group, 11 of the 27 children (40.7%) had
signs of an URTI as well. Based on physicians’ clinical judgment,
13 (48.1%) children had mild and 14 (51.9%) had moderate

respiratory distress. Eight children (29.6%) in the wheezing
group and 12 (54.5%) children in the URTI group had fever.
Cough analysis
A total of 4910 coughs (1409 bouts) were included in the
final analysis, 3406 coughs (987 bouts) in the wheezing
group and 1504 coughs (423 bouts) in the URTI group.

The analysis of coughs and bouts along the time axis is
summarised in Table 2. There was a significant statistical
difference between the two clinical groups in terms of the
number of coughs, the total duration of cough sounds per
child in seconds, the number of bouts per child, and the
number of coughs per second within a bout. There was no
statistical difference in the number of coughs per bout and
the duration of bout per child in seconds.

The temporal distribution of the number and duration of
coughs per hour is presented in Figures 1 and 2. Children in
the wheezing group coughed significantly more times than
children in the URTI group between 23.00 and midnight
(26.22±42.05 and 5.64±7.42, respectively, p<0.001), as well
as between midnight and 01.00, (29.00±38.87 and
4.36±9.79, respectively, p<0.001). The mean duration of
coughs per child between 23.00 and midnight was
25.26±47.51 seconds in the wheezing group and 4.40±6.19
seconds in the URTI group (p<0.05). Between midnight and
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Wheezing URTI Total

Patients (n [%]) 27 (55.1) 22 (44.9) 49 (100)

Male (n [%]) 14 (51.9) 14 (63.6) 28 (57)

Age in years (mean±SD) 4.0±2.0 3.7±1.5 3.9±1.8

Duration of illness 3.03±1.9 3.68±2.10 3.32±2.02
in days (mean±SD)

(No significant differences found)
* In the wheezing group 40.7% had also URTI symptoms

Table 1.  Gender, mean age, and duration of illness of
children with acute wheezing* and with URTI.

Wheezing URTI
p value

n=27 n=22

Number of coughs per child mean 126.15±103.04 68.40±62.42 0.026

(per night) range 24–469 15–222

median 90 44

Total duration of cough-sounds mean 124.19±112.34 51.22±47.39 0.007

per child (seconds) range 24.78–503.97 6.65–169.8

median 87.87 36.98

Number of bouts per child mean 36.55±27.89 19.22±15.79 0.013

range 4–115 2–60

median 30 16

Number of coughs per bout mean 3.79±1.51 3.64±1.94 n.s.

range 2–7 2–11

median 3 3

Duration of a bout per child mean 3.74±1.77 2.96±2.33 n.s.

(seconds) range 1.36–7.16 1.01–10.47

median 3.19 2.31

Number of coughs per second mean 1.07±0.24 1.36±0.30 <0.001

within a bout range 0.74–1.57 0.61–1.83

median 0.24 1.36

* In the wheezing group 40.7% had also URTI symptoms

Table 2.  Cough variables in children with acute wheezing* and with URTI.
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01.00 the respective measurements were 32.51±46.09 versus
3.10±7.45 seconds (p < 0.005). Between 01.00 and 06.00
there was no significant difference between the two groups.

Discussion
Cough is a common symptom of asthma, bronchiolitis and
URTI, diseases that are frequently encountered in childhood.3,18

Trying to learn something from the nature of cough for clinical
purposes poses some unresolved questions. Is cough patient-
dependent, or disease-dependent? What is the diurnal
variation of the cough? How does age affect cough? How
does treatment of the disease affect the accompanying
cough? What is the correlation between cough variables and
lung function tests in patients with asthma?

It is difficult to evaluate cough in patients who are under
treatment, since treatment may affect cough variables.
However, medico-ethical considerations prevent the study of
patients without providing the appropriate treatment.
Research on respiratory parameters in small children is limited
by their inability to perform lung function tests or peak
expiratory measurements. The study of night-time cough has
additional limitations, since it may not resemble daytime
cough due to diurnal changes in lung physiology and home
environmental cough triggers.19,20

There is a scarcity of objective information regarding the
status of the disease outside the physician’s office. Measuring
cough and using its variables as a tool for diagnosis and
management of disease is beyond the reach of today’s
clinician. This is due to a lack of easy-to-use measuring
equipment and to limited research that correlates clinical
variables and cough measurements in order to produce a
useful practical paradigm. This study tries to fill the gap by
looking at night-time cough and coughing bouts in children

with either an acute episode of wheezing or an URTI.
Studies using cough questionnaires have documented

poor agreement between reported and recorded nocturnal
cough in asthma.8,9 Automatic cough measurements seem to
be a better solution. Cough measuring instruments have
been described by many researchers. Most were tested in
adults in laboratory conditions.11-15 Cough monitoring
instruments that include devices attached to the subjects have
major limitations, since the devices tend to fall off or restrict
normal behavior. Studies in children are even more difficult to
perform for lack of cooperation. The cough monitoring
instrument used in our study does not have these limitations,
since it uses a microphone placed in the room. The recording
device is installed in a laptop computer and thus is easily
placed in the patient’s room for overnight recording. 

Our study demonstrates some fundamental differences
between the night-time cough of children with an URTI and
the cough of children with an acute episode of wheezing
with or without accompanying URTI. Children with acute
wheezing had more coughs at night, the total duration of
time taken by coughs was longer, and they had more
coughing bouts. The most striking difference was in the
number of coughs per second within a bout. In children with
acute wheezing, the time interval between coughs within
each bout was much longer. This is probably related to a
general restriction in air movement. This finding could be
used as a clinical clue to the diagnosis of asthma if automated
cough monitoring were to become regular practice.

The study demonstrates that children with acute
wheezing coughed significantly more around midnight,
whereas children with an URTI had the least cough events at
that time of night (Figure 1). During other hours of the night
the children with acute wheezing coughed less, whilst the
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Figure 1.  Mean number of coughs for each hour of the
night (p<0.001).

* In the wheezing group 40.7% had also URTI symptoms

Figure 2.  Total duration of coughs per hour for each hour
of the night (p<0.05).

* In the wheezing group 40.7% had also URTI symptoms
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children with an URTI coughed more, with no significant
difference between the two groups. This finding challenges
the accepted clinical impression that patients with asthma
cough more towards the morning. We believe that this
impression is true in patients with poorly controlled asthma,
secondary to the physiologic decline in lung function toward
morning. The patients in our study presented with an acute
episode of wheezing that required intensive treatment the
evening before recording. This treatment, which included
corticosteroids, did not become fully effective around
midnight but rather later, towards morning. This probably
explains why the patients with acute wheezing coughed more
in the early hours of the recording than in the later hours. 

As URTI is one of the conditions that provokes acute
wheezing, it is not surprising that 40.7% of the children had
both. By including these children in the wheezing group we
took the risk of narrowing the differences between the two
study groups. The demonstrated significant differences
suggest that the differences in cough variables between
children with acute wheezing, without URTI, and children
with URTI who are not wheezing, are even greater. However,
it is possible that children with acute wheezing with URTI
cough more than children with purely acute wheezing. Since
this is a preliminary study on a small number of participants
we could not clarify this point.

One of the limitations of this type of study is the
dependence upon an electronic instrument that may have
technical problems. Not being attached to the patient is
sometimes a drawback, particularly since cough is not
recorded when the child leaves the room. Also, the
instrument does not eliminate other people’s coughs. 

Conclusions
An automatic night-time cough monitoring instrument has
the advantage of recording objectively precise time intervals
in relation to the pattern of coughing. This instrument is more
accurate and reliable than cough questionnaires. In this
preliminary study, significant differences were found in night-
time cough variables between children with an URTI and
children with an acute episode of wheezing with or without
an URTI. This may be useful in clinical practice, but this is yet
to be established. Further studies are needed to clarify the
relationship between acute wheezing and cough variables.
These should include patients with acute wheezing who do
not have URTI symptoms. We anticipate that, in the future,
clinicians will have objective, portable, miniature cough-
monitoring instruments for use at home10,21 that will aid in the
clinical diagnosis and monitoring of treatment of cough-
related disorders.
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