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ABSTRACT: Although it is well-known that some types of respiratory viral infec-
tions cause airway hyperresponsiveness in humans, the effect of viral infection on
the cough threshold in asthmatics is not known. We, therefore, evaluated the effects
of naturally-acquired influenza A virus infection on the cough threshold to inhaled
acid in children with asthma.

Twelve children with asthma (9 boys and 3 girls, mean±SEM age of 10.8±0.6 yrs),
who had naturally-acquired influenza A virus infection in winter (January–February,
1992) during an epidemic of influenza A (H1N1), were enrolled in this prospective,
uncontrolled study. All patients underwent acetic acid (AA) inhalation challenge
2, 4 and 6 weeks after the influenza infection.

The cough threshold values (the lowest concentrations of AA eliciting coughs)
after 2, 4 and 6 weeks of the illness were 3.7±0.9, 5.3±1.0 and 8.1±1.4% (mean±SEM),
respectively. Cough threshold values 4 or 6 weeks after the illness improved sig-
nificantly over that at 2 weeks (p<0.05 and p<0.01, respectively). In contrast, base-
line forced expiratory volume in one second did not change throughout the study.

These results indicate that influenza A virus infection attenuates the cough thresh-
old independently of airway obstruction in children with asthma. The enhanced
cough response following virus infection is probably mediated by damage to the
airways epithelium.
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It is well-known that some types of viral and mycoplas-
ma infections in the airways exacerbate asthma, espe-
cially in children [1–6]. Previous studies have shown
that viral and mycoplasma infections cause bronchial hy-
perresponsiveness and small airway dysfunction [7–
11]. In contrast, less is known about the effect of viral
infection on the cough threshold. In the paediatric field,
cough is one of the most common symptoms associat-
ed with respiratory disease, and is sometimes the only
important symptom in childhood asthma. As far as we
know, only EMPEY et al. [7] have reported that adult
nonasthmatic subjects with colds showed a lowered
cough threshold to inhaled acid.

In the present study, we examined the effect of nat-
urally acquired influenza A infection on the cough thresh-
old to inhaled acid in children with asthma.

Materials and methods

Subjects

Twelve children with asthma (9 boys and 3 girls,
mean±SEM age 10.8±0.6 yrs), who had naturally acquired
influenza A virus infections in winter (January–February,
1992) during an epidemic of influenza A (H1N1), were
enrolled in this study. They were all in-patients at the

time of the study, who had been institutionalized for
long periods for the control of asthma. The clinical diag-
nosis of bronchial asthma was based on a characteristic
history of recurrent attacks of dyspnoea with percepti-
ble wheezing. The diagnosis was made after more than
1 year of follow-up. Almost all the patients reacted to
the causative allergens in the skin-prick test and/or in
the radioallergosorbent test (RAST) (development of a
wheal 5 mm or larger in a skin-prick test and more than
0.70 Phadebas RAST units (PRU). None of the patients
required oral corticosteroid administration. The charac-
teristics of the study patients are presented in table 1.

All the patients had been free from upper respiratory
tract infections for at least 8 weeks before the study,
and showed typical symptoms of influenza infection
(rhinorrhoea, sore throat and fever) during the acute
phase. The diagnosis of influenza A virus infection was
confirmed by a significant rise (fourfold or greater) in
serum complement fixation antibody titre to influenza
A virus in paired sera obtained during the acute and
convalescent phases. The day when a patient had a tem-
perature of more than 37.5˚C for the first time was
regarded as the first day of illness. Treatment with med-
ications was kept constant before and throughout the
study, except for temporary beta2-adrenergic agonist
inhalation and oral mefenamic acid administration in the
acute phase.



Experimental protocol

All the patients underwent acetic acid (AA) inhalation
challenge to determine the cough threshold 2, 4 and 6
weeks after influenza infection. Spirometry was perfor-
med before each AA inhalation challenge using an elec-
tronic spirometer (Chest M.I. Co., Tokyo, Japan) to check
the airway condition. The patients were not symptoma-
tic at the time of the inhalation challenge and showed a
baseline forced expiratory volume in one second (FEV1)
greater than 70% of the value predicted for their age [12].

Informed consent for the study was obtained from the
patients and their parents before the examination. The
study was approved by the Ethics Committee of the hos-
pital.

Acetic acid (AA) inhalation challenge

The procedure of AA inhalation challenge has been
described previously [13, 14] and was similar to that of
MITSUHASHI and co-workers [15, 16], which has good
reproducibility. Briefly, AA solution was prepared on the
same day and diluted twofold with 0.9% saline solution
(concentration 0.04–20%; pH; 3.13–1.62; osmolarity;
292–1,113 mOsm·kg-1), and administered via a DeVilbiss
model 646 nebulizer (DeVilbiss Co., Somerset, Pa, USA)
with a constant airflow of 5 L·min-1. The output of the
nebulizer was 0.15±0.01 mL·min-1. The FEV1 was measu-
red just before and after each inhalation challenge. After
administration of a local anaesthesia to the nasopharynx
by procaine swabbing, the subjects wore a noseclip and
inhaled the aerosol by tidal breathing for 10 s. An aerosol
of normal saline solution was inhaled first, followed by
twofold increasing concentrations of AA (from 0.04 to
20%) until a first cough was induced, as recognized by
more than two independent observers, or until the high-
est concentration was reached. It was agreed that the per-
centage of the AA concentration inducing the first cough
would be considered to be the threshold of hyperrespon-
siveness of cough receptors. Medications were stopped
at least 12 h prior to each AA inhalation challenge.

Statistical analysis

Nonparametric analysis of variance (Friedman's two-
way ANOVA) was used to determine the significance

of variance between groups. If a significant variance
was found, a Wilcoxon's matched-pairs signed ranks test
was performed to assess the difference between indivi-
dual groups. A p-value of less than 0.05 was consider-
ed to be significant.

Results

Eight of the 12 study patients (67%) had mild asth-
matic attacks (presence of wheeze and transient fall in
peak expiratory flow rate) which were controlled with
the timely use of an inhaled beta2-adrenergic agonist in
the acute phase of illness. None of the study patients was
symptomatic 2, 4 or 6 weeks after the disease onset.
Spirometric values, including baseline FEV1, were un-
changed throughout the study (table 2).

In contrast, changes in the cough threshold values to
inhaled AA seemed to be present both in patients with
and without asthmatic attack. Seven of 8 patients with
attack and 2 of 4 patients without attack changed their
cough threshold values to inhaled AA during the study.
The cough threshold values (mean±SEM) in all the patients
2, 4 and 6 weeks after disease onset were 3.7±0.9, 5.3±1.0
and 8.1±1.4%, respectively. The values 4 or 6 weeks after
the virus infection were significantly improved over those
at 2 weeks (p<0.05 and p<0.01, respectively) (fig. 1).
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Table 1.  –  Characteristics of the study patients

Ss Sex Age Duration* Total IgE Allergens Treatment
No. yrs yrs IU·mL-1

1 M 13 4 282 Mite, cat DSCG, T, B
2 M 13 10 884 Mite DSCG, T
3 M 13 5 1531 Mite DSCG, T, B
4 M 12 9 2000 Mite, mould DSCG, T, B, BDI
5 M 12 11 1936 Mite DSCG, T, B
6 F 12 9 1100 Mite DSCG, T
7 M 11 10 2000 Mite DSCG, T
8 M 10 9 75 - DSCG, T, B, BDI
9 F 10 5 956 Mite, cat DSCG, T, B

10 M 8 6 1970 Mite DSCG, T, B
11 M 8 6 35 - DSCG, T, B, BDI
12 F 8 7 253 Mite DSCG, T, B

*: duration of asthma symptoms; Ss: subjects; M: male; F: female; IgE: immunoglobulin E;
DSCG: disodium cromoglycate inhalation; T: theophylline preparation; B: beta2-adrenergic
agonist preparation; BDI: beclomethasone dipropionate inhalation.

Table 2.  –  Spirometric values at 2, 4 and 6 weeks after
the influenza infection

Postinfection time
2 weeks 4 weeks 6 weeks

FVC  L 2.35±0.20 2.43±0.20 2.38±0.20
FEV1 L 1.96±0.18 1.93±0.20 2.02±0.18
PEF  L·s-1 3.56±0.37 3.59±0.38 3.74±0.32
MMF  L·s-1 1.54±0.19 1.47±0.25 1.67±0.22
V '50 L·s-1 1.75±0.21 1.66±0.26 1.81±0.23
V '25 L·s-1 0.89±0.12 0.86±0.16 0.98±0.14

Values are presented as mean±SEM. No significant changes
were observed between the values. FVC: forced vital capac-
ity; FEV1: forced expiratory volume in one second; PEF: peak
expiratory flow; MMF: maximum mid-expiratory flow; V '50
and V '25: expiratory flow at 50 and 25% vital capacity, respec-
tively.



Discussion

We have shown that naturally-acquired influenza A
virus infection in the respiratory tract attenuates the acid-
induced cough threshold independently of airway ob-
struction in children with asthma. The change in cough
threshold values seemed to be present both in patients
with and without asthmatic attack during the acute ill-
ness.

Although this study was not a controlled one, patients
enrolled in the study were in-patients living in an insti-
tution, and had been hospitalized for a long time (more
than 1 year) at the time of the study. The clinical con-
ditions were kept constant before and throughout the
study. Thus, the changes in cough threshold values dur-
ing the study were thought not to be due to seasonal
change but to the effect of influenza A virus infection.

It is well-known that viral, including influenza A vir-
us, infections exacerbate asthma, especially in children,
with viral infections accounting for 26–42% of child-
hood asthma episodes [1–6]. In fact, during high virus
prevalence seasons, up to 85% of childhood asthma exac-
erbations are associated with viral airway infection [6].
With respect to influenza A virus infection, there have
been reports that all affected asthmatic children had exac-
erbations of their asthmatic symptoms [5, 17], although
the percentage of asthma exacerbation in the present
study was rather small (67%). One of the reasons for the
low incidence of asthma exacerbation in this study may
be differences in the background factors. The patients
enrolled in the study were all in-patients, whose asth-
matic symptoms had been controlled with medications
before they developed influenza infection. Thus, it is
suggested that differences in the clinical condition acc-
ounted for the low incidence of asthma exacerbation.

The mechanism involved in the exacerbation of asth-
ma due to influenza A virus infection might be associa-
ted with the damage caused to the airway epithelium [18,
19]. This may release mediators from the epithelium, ex-
pose cholinergic nerve endings, promote the penetration
of antigen, remove inhibitory epithelial components, such
as epithelial-derived relaxant factor, and reduce epithe-
lial uptake and degradation of mediators [20]. These fac-
tors can promote bronchoconstriction and exacerbate
asthma.

There have been reports demonstrating increased bron-
chial hyperresponsiveness after viral infections in hu-
mans [7, 8, 21–23]. However, less is known about the
effect of viral infection on the cough threshold, with
only EMPEY et al. [7] reporting that adult nonasthmatic
subjects with colds showed an exaggerated cough thresh-
old to inhaled acid. They suggested that the exaggerat-
ed cough response was due to a decreased threshold for
stimulation of the rapidly adapting sensory receptors in
the airways. It is known that the responsiveness of the
rapidly adapting receptors is increased during lung infec-
tion in the dog [24].

Cough is a reflex response of the respiratory tract and
is produced by inflammatory, mechanical, chemical and
thermal stimulation of the cough receptors [25, 26],
which are believed to be the fine sensory nerve endings
of the trigeminal, glossopharyngeal, superior laryngeal
and vagal nerves. It is possible that airway epithelial
damage induced by respiratory viral infection exposes
and, thus, "sensitizes" the airway cough receptors to
inhaled irritants, causing an increased cough threshold.

In the present study, spirometric values of the patients
did not change throughout the study. According to the
report of JOHANSON et al. [27] on adult patients, the de-
crease in spirometric values during the acute phase of in-
fluenza A virus infection improved after 2 and 6 weeks of
illness. There was no statistical difference in the spiro-
metric values 2 and 6 weeks after the illness. With resp-
ect to asthmatic children with influenza A virus infection,
there have been two reports describing the time-course
of FEV1 during the acute phase of illness [17, 28]. They
showed that the decrease in FEV1 became maximal on
the first to second day of illness, and returned to with-
in 10% of the initial value by the tenth day. Our results
in the present study are consistent with previous obser-
vations.

It was of great interest that influenza A virus infec-
tion attenuated the cough threshold without changing
the airway calibre. In patients with asthma, cough and
bronchoconstriction often occur simultaneously and have
been considered to be closely related. However, accu-
mulating data indicate that cough and bronchoconstric-
tion are separate airway reflexes. We have reported that
inhaled acid can elicit cough without bronchoconstric-
tion [15], and that airway obstruction does not change
the acid-induced cough threshold in children with asth-
ma [29]. The absence of permeant anion (e.g. chloride)
in an isosmolar solution causes cough, but not broncho-
constriction [30]. Inhalation of local anaesthetics inhibits
cough, but not bronchoconstriction; disodium cromogly-
cate inhibits bronchoconstriction, but not cough, induced
by distilled water [31]. These observations suggest that
the mechanisms of cough and bronchoconstriction are
related but can be independently triggered. Our study
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Fig. 1.  –  Changes in acetic acid (AA)-induced cough threshold val-
ues in patients with asthma 2, 4 and 6 weeks after influenza infec-
tion. The cough threshold values after 4 or 6 weeks were significantly
improved over that at 2 weeks (p<0.05 and p<0.01, respectively).
––-●–––: patients with asthmatic attack; –––❍–––: patients without
attack during the acute illness.
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result. showing that the cough threshold values in pati-
ents with asthma were attenuated after influenza A virus
infection without any change in the degree of airway ob-
struction, further supports the above opinion.

In conclusion, we have demonstrated that naturally-
acquired influenza A virus infection attenuates the cough
threshold in children with asthma. Further controlled
studies are needed to clarify the mechanisms involved.
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