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ABSTRACT:  Viral infection may induce the expression of nitric oxide (NO) synthase,
resulting in increased NO formation that has an antiviral effect.  NO may be
produced by various cells of the upper and lower respiratory tract, and may be
detected in the exhaled air.

We have studied the levels of exhaled NO in 18 normal subjects during symptomatic
upper respiratory tract infections and during recovery 3 weeks later.  Exhaled NO
was measured using a modified chemiluminescence analyser.

At the time of symptoms of upper respiratory tract infection, the peak exhaled
NO values were 315±57 ppb (mean±SEM) and decreased to 87±9 ppb during recovery.
Recovery values of exhaled NO were similar to those reported in age-matched
normal control subjects (88±3 ppb, n=72).

These findings suggest that symptomatic upper respiratory tract infections markedly
increase the concentration of NO in exhaled air.  This may reflect the induction of
nitric oxide synthase (NOS) in upper and lower respiratory tract, and may be
relevant to viral exacerbations of asthma.
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Nitric oxide (NO) is important as a signalling mole-
cule, and may play a key role in host defence and in the
pathophysiology of airway diseases [1–3].  NO is generated
from L-arginine by the enzyme NO synthase (NOS),
which exists in at least three isoforms [4].  Constitutive
forms of the enzyme are present in endothelial cells and
neurons, but another isoform is induced in several types
of cell after exposure to proinflammatory cytokines,
endotoxin or oxidants.  NO is detectable in the exhaled
air of normal individuals [5], and may be derived pre-
dominantly from the upper respiratory tract [6, 7].  Exhaled
NO is increased in asthma and other inflammatory air-
ways disease [8–10], and this may reflect expression of
inducible NOS in airway epithelial cells [11].  This is
supported by the fact that glucocorticoids inhibit the
increase in exhaled NO in asthmatic patients, but have
no effect in normal individuals [12].

Epithelial cells express inducible NOS in response to
proinflammatory cytokines, such as tumour necrosis
factor-α (TNF-α), interleukin-1β (IL-1β) and interferon-
γ (IFN-γ) [13], and in response to oxidants [14].  Infection
of epithelial cells with Bordatella pertussis results in a
marked induction of NOS [15].  Induction of NOS is
regulated by transcription factors, of which the most
important is nuclear factor-κB (NF-κB) [16].  NF-κB is
activated by proinflammatory cytokines and oxidants
[13, 17].  Since various viral infections may also induce
NF-κB, it is likely that viral infection of epithelial cells
increases NO production.  We have, therefore, studied

whether upper respiratory tract infections (URTI), which
are due to viruses such as rhinovirus and corona virus,
increase the concentration of NO in the exhaled air of
normal individuals.

Subjects and methods

Subjects

A total of 18 normal subjects (11 males) volunteered
for this study.  The age range was 27–40 yrs (mean 34±1
yrs).  One subject was a current cigarette smoker (1–2
per day for 15–17 yrs), and two were ex-smokers for
more than 5 yrs in the past.  All subjects were studied
at the time of a symptomatic URTI and had documen-
ted symptoms, such as rhinorrhoea, sneezing, congestion/
blocked nose, myalgia and generalized or frontal head-
ache for at least 2 days prior to the investigation.   Fourteen
subjects had cough and chest pain accentuated by cough-
ing.  None of the subjects had a history of asthma or
sinusitis, and none were taking medication (antihista-
mines, nonsteroidal anti-inflammatory drugs) at the time
of study.  In 72 nonsmoking normal controls (43 males;
mean age 36±2 yrs) there was no history of URTI for at
least 4 weeks prior to study, and no history of respiratory
or cardiovascular disease.  None of the subjects were
receiving long-term medication.  In 10 control subjects,
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exhaled NO measurements were repeated after 3 weeks
in order to document reproducibility of the measurement.

Study design

Lung function parameters and exhaled NO were mea-
sured in all subjects on two occasions: 1–2 days after
the onset of URTI symptoms; and 3 weeks later when
they were asymptomatic.  The age- and sex-matched
normal control group was used as a reference group for
comparison regarding the exhaled NO levels.

Lung function measurements

Lung function parameters (forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC))
were measured by spirometry (Vitalograph, Buckingham,
UK).

Nitric oxide measurements

Exhaled NO was measured on a chemiluminescence
analyser (Dasibi Environmental Corporation, Glendale,
California, USA) sensitive to NO from 2–4,000 parts per
billion (ppb, by volume), adapted for on-line recording
of NO concentration.  This feature obviates the need for
collection in a reservoir, with its variable loss of reactive
NO, and gives greater sensitivity and reproducibility
[8].  Subjects were asked to produce a slow vital capa-
city manoeuvre over 30–45 s into wide-bore Teflon tubing.
NO was sampled continuously.  The baseline value at
each visit was measured after at least 15 min quiet rest.
Three successive recordings were made at 2 min inter-
vals and the highest of these was used.  Results were
displayed on a chart recorder and compared with the sig-
nal generated from a calibration mixture of NO (89 ppb)
in nitrogen.  Area under the curve of concentration traces
was highly correlated with the peak value (r=0.98); peak
values were, therefore, used in all calculations.  Am-
bient air NO was recorded before each breath.

Statistical evaluation

All the results were expressed as the mean±SEM.  Compari-
sons between groups were made by two-way analysis of
variance (ANOVA).  A p-value of less than 0.05 was
considered significant.

Results

Mean peak exhaled NO concentration was 88±3 ppb
in normal subjects (the control group).  In subjects with
URTI the peak exhaled NO was significantly higher
(315±57 ppb; p<0.001) during the acute phase of URTI
(table 1); whereas, peak NO values in subjects who had
recovered from URTI did not differ significantly from

those in normal subjects (87±9 ppb) (fig. 1).  In 10 control
subjects, exhaled NO values were reproducible over a 3
week period (81±6 ppb at baseline, compared to 83±7
ppb after 3 weeks).  There was no significant difference
in FEV1 and FVC during the acute phase of URTI (table
1).

Discussion

We have demonstrated that URTIs are associated with
a marked increase in exhaled NO in normal individuals
in the acute phase when symptoms are present, and that
there is a reduction in exhaled NO after recovery to val-
ues that are similar to those reported in age-matched
normal subjects in our laboratory.  This suggests that
URTI, presumably due to viral infection, increases
production of NO in the respiratory tract.  The exact
source of exhaled NO is not known, but the increase in
NO may be derived from nasal tissues or from the lower
respiratory tract.  It is of interest that a large proportion
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Table 1.  –  Exhaled nitric oxide during and after upper
respiratory tract infections

URTI Recovery

Exhaled NO  ppb 315±57 87±9*
FEV1 l 4.8±0.13 4.8±0.27
FEV1 % pred 93±6.7 95±5.3
FVC  l 5.1±0.46 5.2±0.61
FVC  % pred 98±3.6 100±2.9

URTI: subjects after the onset of symptomatic upper respiratory
infection; Recovery: subjects studied 3 weeks after recovery
from URTI; NO: nitric oxide (parts per billion); FEV1: forced
expiratory volume in one second; FVC: forced vital capacity.
Data are presented as mean±SEM of 18 subjects.  *: p<0.001,
significance of difference from baseline.
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Fig. 1.  –  Individual values of exhaled nitric oxide (NO) in 18 normal
subjects during a symptomatic upper respiratory tract infection (URTI)
and 3 weeks afterwards when asymptomatic (Recovery).  Open symbols
represent a smoker and two ex-smokers.  ppb: parts per billion.



of the participants in this study complained of lower
respiratory tract symptoms, including cough and chest
pain accentuated by coughing, indicating that the lower
respiratory tract was likely to have been involved.

It is difficult to confirm respiratory virus infections
serologically, and recently developed polymerase chain
reaction (PCR) techniques are not widely available [18].
We therefore based our diagnosis of URTI on clinical
symptoms of blocked nose and lower respiratory symp-
toms, which improved after a few days.

NO plays an important role in nonspecific host defence
and has antimicrobial activity against a wide variety of
pathogens [3].  NO has inhibitory effects on viral repli-
cation and may mediate the antiviral effect of IFN-γ [19,
20].  Viral infections may induce NOS in a variety of
cell types, including nasal and airway epithelial cells
and macrophages, either via the activation of NF-κB in
these cells or via the induction of proinflammatory cyto-
kines.  The increased NO production may then serve to
limit the virus infection by inhibiting viral replication
[19, 20].

URTIs are important in precipitating acute exacerba-
tions of asthma [18, 21].  A variety of viruses are involved,
including rhinovirus, respiratory syncytial virus, picorna-
virus, corona viruses and parainfluenza virus, together
with atypical organisms, such as Mycoplasma pneumoniae
and Chlamydia spp.  It is tempting to speculate that the
viral induction of NOS may contribute to an increase in
airway inflammation, since high local concentrations
of NO may have inflammatory effects in the airways
[22].  We have previously reported that exhaled NO is
elevated during exacerbations of asthma and falls during
recovery [23].  The early use of oral or inhaled gluco-
corticoids during a URTI may limit the exacerbation by
inhibiting induction of NOS [24].

The demonstration that URTIs are associated with a
high level of exhaled NO indicates that caution should
be applied when interpreting elevated values of exhaled
NO and it is important to exclude measurements made
at the time of an URTI.
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