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Asthma is a chronic inflammatory disease of the air-
ways characterized by episodic chest tightness, wheezing,
and variable bronchoconstriction associated with an in-
creased airway hyperresponsiveness to various nonsensi-
tizing stimuli [1, 2]. Recently, it has been suggested that
nitric oxide (NO) is involved in the pathophysiology of
airway disease such as asthma [3, 4]. Endogenous NO is
detectable in exhaled air of normal individuals [5, 6], and
appears to be increased in patients with asthma [7–9],
which is most likely due to elevated NO production in the
intrapulmonary airways [10]. Recently, it has been dem-
onstrated that exhaled NO varies with disease severity in
asthma, as occurs during exacerbations [11] and after ade-
quate treatment [11, 12].

NO is generated from the guanidino nitrogen of L-argi-
nine during the oxidation to L-citrulline by the enzyme NO
synthase (NOS), of which constitutive (cNOS) and induc-
ible (iNOS) isoforms have been described [13]. Constitu-
tive NOS, basically expressed in endothelial and neuronal
cells, releases only small amounts of NO within seconds
in response to increases in intracellular calcium [13]. On

the other hand, expression of iNOS in epithelial and sev-
eral inflammatory cells can be induced by pro- inflamma-
tory cytokines such as tumour necrosis factor-α (TNF-α),
interleukin (IL)-1β, and interferon (IFN-γ) [14], resulting
in relatively high levels of NO. There is increasing evi-
dence that NO production within the airways can have
divergent effects. The relatively low concentrations gener-
ated by cNOS activity can lead to airway and vascular
smooth muscle relaxation, whereas iNOS activity may
limit cNOS activity, whilst having pro-inflammatory, im-
munomodulatory [15], and antiviral effects [16].

Virus infections are closely associated in time with ast-
hma exacerbations [17, 18], leading to a flare-up in symp-
toms, a transient increase in airway hyperresponsiveness
to methacholine [19] or histamine [20, 21], and an incre-
ased production of proinflammatory cytokines within the
airways [22–24]. It can therefore be postulated that NO
production increases during viral respiratory tract infec-
tion. Indeed, KHARITONOV et al. [25] have reported that
exhaled NO levels were increased in normal subjects dur-
ing naturally acquired upper respiratory tract infections,
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ABSTRACT: Exhaled nitric oxide (NO) is elevated in asthmatics, and varies with dis-
ease severity. We postulated that a respiratory virus infection increases exhaled NO
levels in asthma, and examined the relationship between the virus-induced changes in
exhaled NO and in airway hyperresponsiveness to histamine.

In a parallel study, seven patients underwent experimental rhinovirus 16 (RV16)
inoculation at days 0 and 1, whilst seven patients received placebo. Exhaled NO was
measured at baseline (day 0) and at days 1, 2 and 3 after inoculation. Histamine chal-
lenges were performed prior to (day -7) and after inoculation (day 3), and were ex-
pressed as provocative concentration causing a 20% fall in forced expiratory volume
in one second (FEV1) (PC20).

Following RV16 infection there was a significant increase in NO at days 2 and 3    as
compared to baseline (median change (range): 4.2 (7.5) parts per billion (ppb),
p=0.03, and 3.0 (10.1) ppb, p=0.02, respectively). Furthermore, PC20 decreased sig-
nificantly following RV16 infection (mean±SD change in doubling dose: -0.65±0.54,
p=0.02), whereas PC20 did not change in the placebo group (p=0.1). There was a sig-
nificant correlation between the RV16-induced changes in exhaled NO levels at day 2
and the accompanying changes in PC20 at day 3 (rank correlation coefficient (rs):
0.86, p=0.01). Hence, the greater the increase in exhaled NO, the smaller the decrease
in PC20.

We conclude that rhinovirus infection increases exhaled nitric oxide levels in asth-
matics, and that this increase is inversely associated with worsening of airway hyper-
responsiveness to histamine. These results suggest that viral induction of nitric oxide
synthase within the airways may play a protective role in exacerbations of asthma.
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presumably from viral origin. However, even though NO
may exert several proinflammatory effects within the air-
ways [15], recent studies have suggested a potentially
protective role of NO in virus-induced airway hyperre-
sponsiveness in guinea-pigs [26]. However, it is still un-
known whether NO production has a pathophysiological
role in viral respiratory tract infections in patients with
asthma.

In the present study, we hypothesized that exhaled NO
will increase following rhinovirus 16 (RV16) infection in
asthmatic subjects in vivo. To that end, exhaled NO levels
were documented before and after experimental RV16
infection or placebo in asthmatic subjects in vivo. As a
second objective, we examined the relationship between
RV16-induced changes in exhaled NO and those in lung
function and airway hyperresponsiveness to histamine.

Materials and methods

Subjects

Fourteen nonsmoking, atopic, asthmatic volunteers par-
ticipated in this study (table 1). The subjects included in
the RV16 group (n=7) had no serum neutralizing antibod-
ies to RV16 (antibody titre ≤2). All had mild to moderate
persistent asthma, and symptoms were controlled by on
demand usage of inhaled, short-acting β2-agonists alone.
Their atopic status was confirmed by a positive skin-prick
test to at least one of 16 common airborne allergen ex-
tracts (wheal ≥3 mm; Vivodiagnost, ALK, Benelux).
Their baseline forced expiratory volume in one second
(FEV1) was ≥70% of predicted (range: 72–102% pred)
[27], and all were hyperresponsive to inhaled histamine
(provocative concentration causing a 20% fall in FEV1
(PC20) range: 0.15–4 mg·mL-1) [28]. There was no history
of up-per respiratory tract infection or relevant allergen
exposure during 2 weeks prior to the study. The subjects

had not used corticosteroids, antihistamines, sodium cro-
moglycate, nedocromil sodium or theophyllines for at
least 3 months prior to the study. Before testing, the sub-
jects were asked to refrain from inhaled short-acting bron-
cho-dilators and caffeine-containing beverages for at least
8 h and 4 h, respectively. The protocol was approved by
the Medical Ethics Committee of the Leiden University
Hospital, and all participants gave their informed consent.

Study design

On screening days prior to the study, the inclusion cri-
teria were examined for each subject. The study had a pla-
cebo-controlled, parallel design and was performed in the
winter season. On the first study visit (day -7), a histamine
challenge was performed. Subsequently, RV16 or placebo
was inoculated at days 0 and 1. NO was measured before
inoculation (day 0, baseline) and at days 1, 2, and 3. Hista-
mine challenge was repeated subsequent to the NO meas-
urement at day 3. In order to confirm viral infection, nasal
washings for viral culture were taken immediately before
virus or placebo inoculation at day 0 and subsequently on
day 2. Furthermore, blood samples were taken at the first
study visit and 3 weeks after the inoculation for determi-
nation of RV16 neutralizing antibody titre. NO measure-
ments and histamine challenges were performed at the
same time of day (±2 h) in each subject.

RV16 inoculation and laboratory confirmation of infec-
tion

The RV16 strain and stock was the same as used in
previous experiments in humans in vivo by others [29] and
by ourselves [19, 21]. The virus was cultured according
to standards of good laboratory practice and the inoculum

Table 1.  –  Subject characteristics

Patient
No.

Sex Age
yrs

FEV1
%pred*

PC20 
histamine
mg·mL-1*

Viral culture
day 2

RV16 titre†

Pre                  Post

Atopy‡

Placebo
1
2
3
4
5
6
7
Mean±SEM

RV16
8
9
10
11
12
13
14
Mean±SEM

F
F
M
F
F
F
M

M
F
M
M
M
M
F

20
21
22
24
23
21
21

26
22
20
25
20
25
24

90.8
90.7

102.0
86.9
85.9
86.2

102.0
92.1±2.7

73.5
86.3
98.0
71.5
94.3
96.0
89.8

87.1±4.0

0.16
0.27
0.27
0.32
0.59
0.67
1.33

0.41±1.02¶

0.15
0.22
0.62
0.80
1.08
2.98
4.00

0.80±1.76¶

Negative
Negative
Negative
Negative
Negative
Negative
Negative

RV16
RV16
RV16
RV16
RV16
RV16

Negative

2
16
4

32
256
16
8

1
1
2
1
1
1
2

2
16
4

16
256
16
16

16
4

16
8

128
2

32

H,C
H,C
H,P
P,C
H,C

H,P,C
H

H
H,P,C

H
H

P,C
C

H,P,C

M: male; F: female; FEV1: forced expiratory volume in one second; PC20: provocative concentration causing a 20% fall in FEV1;
RV16: rhinovirus 16; H: house dust mite; C: cat; P: pollen. *: measured at entry of the study; †: neutralizing antibody titre in serum
dilution against 25 median tissue culture infective doses of RV16 (post: 3 weeks after infection); ‡: atopy determined by skin-prick test
(Vivodiagnost, ALK, Benelux);  ¶: geometric mean±SD in doubling dose. NB Subject No. 14 had a negative viral culture, but a greater
than fourfold increase in RV16 neutralizing serum antibodies.
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was tested to be safe for human in vivo usage [30]. Na-
sal inoculation was performed according to a previously
described protocol [19]. In short, RV16 (1.3–2.8 × 104

50% tissue culture infective dose (TCID50)) or placebo
was nasally administered by inhalation (pressurized De-
Vilbiss 646 nebulizer with face-mask; DeVilbiss Co.,
Somerset, PA, USA), spraying (compressor-driven De-
Vilbiss 286 atomizer), and instillation of droplets (by
pipette) into each nostril [19, 21].

RV16 infection was confirmed by a fourfold or greater
increase in RV16 neutralizing antibodies in serum and/or
recovery of RV16 from nasal washings [19, 21].

NO measurements

Exhaled NO measurements were performed according
to a reproducible method (intraclass correlation coeffi-
cient in nine mildly to moderately asthmatic subjects in
our laboratory being 0.81 (unpublished data)) using a che-
miluminescence analyser (Sievers NOA 270B, Sievers,
Boulder, CO, USA). The subjects were asked to produce
a slow expiratory vital capacity manoeuvre with a con-
stant expiratory flow of 0.05 times the forced expiratory
volume (FVC) per second (0.05 × FVC·s-1) into a 26 mm
Teflon cylinder connected to 3 mm Teflon tubing, with
the nose clipped. Expiratory flow rates ranged 10.2–
20.0 L·min-1 between subjects. Expired NO was sampled
continuously from the centre of the flow with a sample
flow of 440 mL·min-1. The expiratory flow was measured
by a pneumotachograph (Lilly principle, Erich Jaeger
Gmbh, Würzburg, Germany). Exhaled NO concentrations
were determined at the plateau between 5–15 s after the
start of the expiration and expressed as parts per billion
(ppb). NO concentrations were calibrated using a cali-
bration line of NaNO2 (Merck, Darmstadt, Germany) in
physiologic saline (0.9% NaCl) as a reference. Three suc-
cessive recordings at 2 min intervals were made and the
mean was used in analysis.

Histamine challenge

Standardized histamine challenge tests were performed
using histamine biphosphate (Sigma chemicals, Bufa, Uit-
geest, The Netherlands) in phosphate-buffered saline [28].
Serial doubling concentrations ranging 0.03–8 mg·mL-1

were aerosolized using a DeVilbiss 646 nebulizer (De-
Vilbiss Co., Somerset, PA, USA) (output 0.13 mL·min-1)
which is connected to the central chamber of an inspira-
tory and expiratory valve box with an expiratory aerosol
filter (Pall Ultipor BB50T; Pall Biomedical Products Co.,
East Hills, NY, USA). The aerosols were inhaled by tidal
breathing for 2 min at 5-min intervals, with the nose clipp-
ed.

The response to histamine was recorded by FEV1 using
a dry-rolling seal spirometer (Morgan Spiroflow, Rain-
ham, UK) before the test and at 45 s after each inhala-
tion. Baseline FEV1 was determined as the mean of three
reproducible values (FEV1 within 5%). The test was dis-
continued when a 20% fall in FEV1 from baseline was
reached, after which 200 µg salbutamol was inhaled to
provide adequate bronchodilation. The response to hista-
mine was measured as PC20.

Analysis

PC20 was log-transformed before statistical analysis in
order to obtain normal data distribution, and expressed as
geometric mean±SD in doubling dose (DD). Changes in
PC20 were expressed in DD. The difference in PC20 pre-
versus postinoculation within each treatment group was
tested using Student's paired t-test, whereas the differ-
ences in levels and in changes in PC20 histamine between
both groups were tested using Student's unpaired t-test.
Exhaled NO values below half the detection limit, which
according to the manufacturer is <1 ppb, were censored
by taking half the detection limit, e.g. 0.5 ppb. Since
exhaled NO levels (ppb) were not normally distributed,
exhaled NO levels and their changes were analysed non-
parametrically and expressed as median and correspond-
ing range.

To test for the differences between treatments in gen-
eral, multivariate analysis of variance (MANOVA) was
applied on the actual data with virus or placebo as a be-
tween-group factor. Additionally, Wilcoxon signed-rank
test was used to explore significant MANOVA effects
for each time-point as compared to baseline within each
treatment group. The Mann-Whitney rank-sum test was
applied to test for differences between both treatment
groups in exhaled NO values at baseline and for dif-
ferences between the groups in changes in exhaled NO
levels at all time-points as compared to the baseline val-
ues. Finally, Spearman rank correlation analysis was
used to examine the relationship between baseline exhal-
ed NO and baseline PC20 histamine and FEV1 % pred,
and furthermore between changes in exhaled NO levels
and changes in airway hyperresponsiveness to histamine.
A p-value less than 0.05 was considered statistically sig-
nificant.

Results

Virus confirmation

RV16 infection was confirmed in all RV16-treated sub-
jects either by a greater than fourfold increase in RV16
neutralizing antibodies in serum and/or recovery of RV16
from nasal washings. Cultures of the nasal washings were
negative in all of the placebo-inoculated subjects (table 1).

Baseline lung function

Before RV16 or placebo inoculation, baseline FEV1 (%
pred) was not different between the treatment groups
(mean±SEM: 87.1±4.0 (RV16 group) versus 92.1±2.7 %
pred (placebo group), p=0.3). During the study there were
no significant changes in FEV1 in either treatment group
(p>0.2), nor was there a significant difference in the
changes in FEV1 between both groups (p=0.6).

Histamine challenge

PC20 to histamine was not different between the two
treatment groups prior to the inoculation (day -7) (p=0.2)
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(table 2). A significant decrease in PC20 to histamine was
observed in the RV16-infected group (mean change (±SD)
in DD: -0.65±0.54, p=0.02) at day 3 as compared to the
baseline value, whereas no significant difference could
be found in the placebo group (0.30±0.43, p=0.1). These
changes in PC20 were significantly different between the
two treatment groups (p=0.003).

NO measurements

Individual exhaled NO levels are presented in table 3.
At day 1, exhaled NO levels could not be determined in
subject No. 8 (missing value, due to a technical prob-
lem). There was a trend towards a difference in baseline
exhaled NO levels between both treatment groups which
did not reach statistical significance (p=0.06). Exhaled
NO increased significantly in the RV16-treated group as
compared to placebo in time (MANOVA, p=0.04). In the
RV16 group there was a significant increase in exhaled

NO from the baseline value at days 2 and 3 (median
change (range): 4.2 (7.5) ppb, p=0.03, and 3.0 (10.1) ppb,
p=0.02, respectively), whereas on the other hand, no sig-
nificant changes in median exhaled NO could be detected
in the placebo group at all study days as compared to
baseline day 0 (p>0.4) (fig. 1). The changes in exhaled
NO were significantly different between the RV16 and
placebo group at days 2 and 3 (p<0.02).

Relationship between NO levels and PC20 to histamine

At baseline there was no correlation between NO levels
and FEV1 (p=0.8), albeit that there was a significant in-
verse correlation between exhaled NO levels and PC20
(rank correlation coefficient (rs): -0.59, p=0.03) (fig. 2).
Hence, those patients with the lowest PC20 to histamine
had the highest exhaled NO levels at baseline. The cha-
nges in exhaled NO levels did not correlate with changes
in FEV1 in both treatment groups (p>0.3). However, in the
RV16 group, the increase in exhaled NO levels at day 2

Table 2.  –  Effect of RV16 infection on airway hyperres-
ponsiveness to histamine

PC20 histamine

Pre             Post

p-value
     Pre-Post            ∆*

RV16
Placebo
p-value

0.80±1.76
0.41±1.02

0.2

0.51±1.63
0.51±1.04

0.9
PC20 histamine values are presented as geometric mean±SD in
doubling doses. *: the difference in changes in PC20 histamine
between the two measurements (unpaired t-test). PC20: provoca-
tive concentration causing a 20% fall in forced expiratory vol-
ume in one second; RV16: rhinovirus 16.

0.02
0.12 0.003}

Table 3.  –  Individual exhaled NO levels on each study
day

Patient
No.

Exhaled NO levels  ppb

               
Placebo
1
2
3
4
5
6
7

Median
(range)
RV16
8
9

10
11
12
13
14
Median
(range)
p-value†

10.4
12.1
6.7

19.3
11.4
2.8
3.1

10.4
(16.5)

1.9
18.3
5.7
0.5
5.6
0.9
1.4
1.9

(17.8)
0.06‡

7.7
12.1
18.3
12.7
12.1
4.2
5.0

12.0
(14.1)

MV
20.7
4.2
1.2
7.3
0.5
4.3
4.2

(20.2)
0.5

9.3
11.5

8.1
11.3
11.6

3.2
2.8
9.3

(8.8)

8.5
23.1

7.7
4.7

12.9
0.8
2.3
7.7

(22.3)*
0.01

7.8
9.4
3.1

18.2
14.4
4.8
2.4
7.8

(15.9)

6.2
29.1
6.7
4.4
8.6
2.8
2.2
6.2

(26.9)*
0.02

MV: missing value; *: p<0.05, change in exhaled NO levels as
compared to baseline (day 0); †: p-values of differences in the
changes of exhaled NO levels from baseline between the RV16
and placebo group; ‡: p-value of the difference between exhaled
NO levels at baseline between both treatment groups.

Day 0 Day 1 Day 2 Day 3
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Fig. 1.  –  Individual changes in exhaled NO with corresponding median
values (lines) at days 1, 2 and 3 after rhinovirus 16 (●) or placebo (    )
inoculation.
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Fig. 2.  –  Relationship between exhaled NO and PC20 to histamine at
baseline in 14 patients with asthma. rs: rank correlation coefficient.
PC20: provocative concentration causing a 20% fall in forced expiratory
volume in one second.
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was strongly and positively correlated with the decrease in
PC20 to histamine at day 3 (rs: 0.86, p=0.01), whilst there
was a trend towards such a relationship for NO levels at
day 3 (rs: 0.68, p=0.09). Hence, those patients with the
largest decrease in PC20 following virus infection exhi-
bited the smallest increase in exhaled NO and vice versa
(fig. 3).

Discussion

The results of the present study show that experimen-
tal RV16 infection increases exhaled NO levels in asthma-
tic subjects in vivo. Remarkably, the changes in exhaled
NO levels after RV16 infection appear to be positively
correlated to the changes in PC20 to histamine: the gre-
ater the increase in NO, the smaller the decrease in PC20.
This suggests that endogenously produced NO within the
airways can exert protective activity against rhinovirus-
induced airway hyperresponsiveness in asthma.

This is the first study demonstrating changes in exhal-
ed NO following respiratory virus infection in asthma. In
a previous study by KHARITONOV et al. [25], it has also been
shown that exhaled NO increases following a spon-tane-
ous, undefined upper respiratory tract infection of  pre-
sumable viral origin in normal subjects in vivo. It is
remarkable that, following RV-16 infection, the current
changes in exhaled NO were positively associated with
those in airway hyperresponsiveness, whereas a negative
correlation was demonstrated between NO levels and
PC20 at baseline. This underlines a potentially two-sided
role of NO in chronic asthma and exacerbations of the
disease. The presently observed changes in exhaled NO
resemble those following allergen challenge [31], which is
indicative of their involvement in inflammatory mecha-
nisms.

The methodology of measuring exhaled NO has not  yet
been standardized among the various laboratories. How-
ever, we made several attempts to validate the measure-
ments. NO was measured during a single breath by      a
calibrated chemiluminescence analyser. Firstly, to ex-
clude possible differences in exhaled NO based on smok-

ing and medication use, we selected a homogenous group
of nonsmoking, atopic, mildly to moderately asthmatic
patients not using any steroid medication prior to and dur-
ing the experiments. Secondly, in order to maintain simi-
lar time-periods of NO production within the airways in
and between individual subjects, the expiration time was
standardized by normalizing the expiratory flow to the
individual FVC (0.05 × FVC·s-1). One of the criticisms
could be that we used ambient inspired air, which is not
free of NO. Although it has been shown that high concen-
trations of inhaled NO have disappeared in exhaled air
after 15 s of breathholding [9], an influence of environ-
mental NO on exhaled NO levels cannot be fully exclu-
ded. However, by including a placebo group, in which
exhaled NO remained stable, we could rule out a major
influence of (changes in) ambient NO on our measure-
ments.

How can the present observations be explained? It is
likely that the increase in exhaled NO levels following
RV16 infection is due to elevated iNOS activity, as op-
posed to cNOS activity. It has been shown that glucocorti-
coids, which inhibit the expression of iNOS, can reduce
exhaled NO levels, favouring iNOS origin of increased
exhaled NO levels in asthma [12]. Expression of iNOS
has been demonstrated in human alveolar macrophages
and epithelial cells [32, 33], and such epithelial expression
may even be increased in subjects with asthma [33].
Induction of iNOS expression in respiratory epithelial
cells potentially involves the transcription factor nuclear
factor (NF)-κB [34], which may occur secondary to virus-
induced cytokine release. Indeed, RV16 stimulation of
human bronchoalveolar lavage (BAL) macrophages and
blood monocytes in vitro increases the secretion of TNF-
α and IL-1β within 24 h [22], whilst IFN-γ and/or IL-1β
levels in nasal lavages of symptomatic subjects increas-
ed within 44 h of RV or corona virus inoculation [23, 24].
At present it is still unknown whether experimental rhino-
virus infection induces proinflammatory cytokine release
within the intrapulmonary airways. However, recent data
in asthmatics using bronchial biopsies [20] or induced
sputum [35] strongly indicate that this actually occurs.
Hence, the increase in exhaled NO within 2 days after
experimental RV16 infection in vivo might be due to in-
duction of iNOS expression. Once iNOS expression is in-
duced, production of NO may continue for days [15].

Elevated NO levels within the airways can be both de-
leterious and protective in asthma. In theory high concen-
trations of NO may have proinflammatory effects [4, 15].
NO is a potent vasodilator and may increase plasma
exudation within the airways. Additionally, toxic products
formed by the reaction of NO with superoxide, such as
peroxynitrite [15], can have cytotoxic effects contributing
to the epithelial shedding in asthma [36]. Interestingly,
high concentrations of NO may inactivate cNOS thereby
reducing its relaxant effects [37]. Our finding of a positive
correlation between exhaled NO levels and airway hyper-
responsiveness at baseline suggests, but does not prove,
proinflammatory activity of NO within the airways in
asthma. On the contrary, the observation of a reverse
correlation between the virus-induced changes in exha-
led NO and airways hyperresponsiveness is suggestive
of protective effects of increased NO synthesis follow-
ing virus infection. This result is in keeping with pre-
vious observations in guinea-pigs by FOLKERTS et al. [26],
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Fig. 3.  –  Relationship between change in PC20 to histamine (day 3 as
compared to baseline) and change in exhaled NO levels (day 2 as com-
pared to baseline) in the rhinovirus 16-infected subjects. The regression
line has been drawn. DD: doubling doses. For further definitions, see
legend to figure 2.
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suggesting that NO deficiency may be the underlying
cause for the development of virus-induced airway hyper-
responsiveness to histamine in vitro. These authors sho-
wed a marked reduction in the release of NO in tracheas
of virus-infected guinea-pigs accompanied by an enhan-
ced reactivity to histamine, whereas these effects could
be  prevented by the administration of the NOS substrate,
L-arginine. NO has the capacity to relax airway smooth
muscle through stimulation of guanylyl cyclase result-
ing in an increase in cyclic guanosine monophosphate
(cGMP) which leads to a subsequent decrease in intra-
cellular calcium [4]. It is unclear whether, endogenously,
NO can exert such protective effects in vivo; NO derived
from epithelial cells [32, 33] may not easily reach airway
smooth muscle cells. This is supported by the observa-
tion that exogenous inhaled NO is only a weak broncho-
dilator, providing little protection against methacholine
challenge in patients with asthma [38]. Hence, the precise
mechanisms along which endogenous NO may exert its
potentially beneficial properties in asthma remain to be
established.

What are the clinical implications of our findings? Our
results confirm the potential usage of exhaled nitric oxide
as marker of disease activity during follow-up of pati-
ents with asthma, as appeared from studies using allergen
challenge [31] or steroid therapy [12]. Apparently, exhal-
ed nitric oxide can also be used to monitor virus-induced
exacerbations in asthmatic subjects. This may be poten-
tially relevant in view of the predominant role of viral res-
piratory tract infections in exacerbations of the disease
[17, 18]. It remains uncertain whether blockade or aug-
mentation of nitric oxide synthesis will be beneficial in
chronic asthma or during acute worsening of the disease.
Hence, the explicit role of nitric oxide in asthma and dur-
ing exacerbations should be examined using both specific
(inducible) and nonspecific (both inducible and constitu-
tive) inhibitors of nitric oxide syntheses in general and
during viral respiratory tract infections in particular in
subjects with asthma.
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