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Asthma is a chronic respiratory disease characterized by vari-

able airflow limitation, airway hyperresponsiveness and air-

way inflammation, accompanied with episodic symptoms of

shortness of breath, cough, wheezing and chest tightness (1).

There is evidence that respiratory infections are a contributor

to the pathogenesis of asthma (2) and that they play a role in

the inception, exacerbations and chronicity of airways inflam-

mation in asthma.

First, infant human rhinovirus (HRV) infections appear to

be the strongest predictor of subsequent childhood wheezing

at age 3 (3, 4). Second, respiratory viruses are closely associ-

ated with exacerbations of pre-existing asthma (5–7). And

third, it has been postulated that latent or persistent infection

can contribute to the chronicity of airway inflammation (8,

9), potentially driven by epithelial-derived pro-inflammatory

cytokines and chemokines (10, 11). A recent cross-sectional

study has demonstrated elevated presence of rhinovirus in

endobronchial biopsies from patients with stable asthma as

compared to control subjects (12). This indicates that rhino-

virus can be present in lower airway tissue in asthma, but it
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Abstract

Background: Respiratory viruses may persist in the airways of asthmatics between

episodes of clinical worsening. We hypothesized that patients with clinically stable,

severe asthma exhibit increased and more prolonged viral presence in the airways as

compared to mild asthmatics and healthy controls.

Methods: Thirty-five subjects (no cold symptoms >4 weeks) entered a 12-week pro-

spective study using three groups: clinically stable mild asthma (GINA 2) (n = 12,

age 34.1 ± 13.4 year), severe asthma (GINA 4) (n = 12, age 49.3 ± 14.8 year) and

healthy controls (n = 11, age 37.9 ± 14.2 year). All subjects underwent spirometry

and completed a written questionnaire on asthma symptoms at baseline. Nasal and

throat swabs, induced sputum samples, exhaled breath condensate and gelatine-fil-

tered expired air were analysed at 0, 6 and 12 weeks by a multiplex real-time PCR

assay for 14 respiratory viruses using adequate positive and negative controls.

Results: Thirty-two of 525 patient assessments (6%) showed a virus-positive sample.

Among the 14 respiratory viruses examined, HRV, adenovirus, respiratory syncytial

virus, parainfluenza 3&4, human bocavirus, influenza B and coronavirus were

detected. When combining all sampling methods, on average 18% of controls and

30% of mild and severe asthmatics were virus positive, which was not different

between the groups (P = 0.34). The longitudinal data showed a changing rather

than persistent viral presence over time.

Conclusion: Patients with clinically stable asthma and healthy controls have similar

detection rates of respiratory viruses in samples from nasopharynx, sputum and

exhaled air. This indicates that viral presence in the airways of stable (severe) asth-

matics varies over time rather than being persistent.
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is unclear whether such viral presence persists over time. This

requires prospective follow-up studies with repeated viral

sampling.

Invasive intrabronchial procedures are less suitable for

repeated detection of airways pathogens during prospective

monitoring in asthma. There are, however, multiple noninva-

sive opportunities, such as nasal sampling or induced sputum

(IS), which have successfully been used to detect respiratory

pathogens (13). In addition, it cannot be excluded that

exhaled air or exhaled breath condensate (EBC) contains

high molecular compounds that are suitable for real-time

PCR analysis (14). Real-time multiplex PCR technology is a

quantitative and very sensitive technique for virus detection,

based on measuring fluorophoric-labelled oligonucleotides. It

can be applied to multiple targets in the same PCR and per-

mits rapid viral identification (15, 16).

Therefore, we hypothesized that patients with clinically

stable, severe asthma exhibit increased and more prolonged

presence of viruses in the airways as compared to patients

with mild asthma and healthy controls. Second, we postu-

lated that such presence can be monitored by longitudinal,

noninvasive sampling of the airways, using induced sputum,

exhaled breath and standard nasal/throat swabs. Therefore,

the primary aim of the study was to perform viral identifica-

tion in patients with asthma and controls by noninvasive

assessment and to associate the presence and types of respira-

tory virus with clinical severity of asthma. The second aim

was to examine whether the assessment of viral presence could

be reproduced at 6 and 12 weeks after the initial sampling.

Finally, we aimed to compare the viral identification between

different sampling techniques, including induced sputum,

EBC, gelatine-filtered expired air and nasal/throat swabs.

Materials and methods

Subjects

A total number of 35 subjects were recruited to participate in

this study. All subjects were nonsmokers (18–65 years). The

study population consisted of three groups: 12 patients with

mild asthma, 12 patients with severe asthma and 11 controls

(Table 1). The diagnosis of asthma was based on the GINA

Guidelines (1), and asthma severity was defined based on the

2007 severe asthma consensus (17). Patients were selected

among outpatients visiting the Academic Medical Centre,

Amsterdam, whereas controls were recruited by advertise-

ments on the hospital premises.

The mild asthma group was composed of 12 nonsmoking

patients with episodic chest symptoms, prebronchodilator

FEV1 > 75% predicted, documented reversibility in

FEV1 > 200 ml by 400 lg inhaled salbutamol and/or airway

hyperresponsiveness (PC20 < 4 mg/ml methacholine bro-

mide) during the past 12 months. The patients were treated

with low doses of inhaled corticosteroids (<1000 lg/day
inhaled beclomethasone equivalent) and/or long-acting bron-

chodilators.

The severe asthma group consisted of 12 nonsmoking

patients with episodic chest symptoms, reversibility in

FEV1 > 200 ml and/or documented hyperresponsiveness

(PC20 methacholine <4 mg/ml) during the past 5 years, use

of corticosteroids (‡1000 lg/day inhaled beclomethasone

equivalent or oral corticosteroids) and long-acting bronchodi-

lators for more than 12 months and one severe asthma exac-

erbation requiring an oral steroid burst during the past

12 months.

The control group was composed of 11 subjects, with a

negative history of chest symptoms, prebronchodilator

FEV1 > 75%predicted and documented absence of airway

hyperresponsiveness (PC20 > 8 mg/ml).

At the time of the study, all patients with asthma were

clinically stable, with no loss of control or acute asthma exac-

erbation as defined by the recent American Thoracic Society/

European Respiratory Society (ATS/ERS) recommendations

(7) and no evidence of chest infection during the past

6 weeks. The Academic Medical Centre Ethics Committee

(Amsterdam, NL, USA) granted ethic approval for the study,

and all participants gave written informed consent.

Study design

The study had three groups, prospective design with three

visits at 0, 6 and 12 weeks. During a 2-week screening phase,

medical history, asthma control questionnaire (ACQ), physi-

cal examination, standard spirometry, postbronchodilator

spirometry and/or a methacholine challenge were performed

on two separate days.

At baseline, EBC, nasopharyngeal flocked swab, throat

flocked swab, induced sputum and gelatine-filtered expired

air were obtained from all subjects. The patients and controls

repeated the same procedures at 6 and 12 weeks. The study

was performed during the months August until March. All

samples were used for the multiplex PCR analysis. Between

the visits, all subjects were contacted twice by e-mail or

phone to assess asthma control by ACQ (18) and to inquire

about symptoms of intercurrent respiratory tract infections.

In case of the latter, the upcoming visit was postponed by

4 weeks.

Induced sputum

Sputum induction was performed according to ERS recom-

mendations (19). In short, patients received pretreatment with

400 lg inhaled salbutamol. FEV1 was measured by standard-

Table 1 Baseline characteristics of the studied subjects

Controls Mild asthma Severe asthma

Number (N) 11 12 12

Age 37.9 (14.2) 34.1 (13.4) 49.3 (14.8)

Sex, male/female 6/5 9/3 3/9

FEV1pre, %predicted 107.6 (9.8) 91.5 (17.8)* 63.7 (15.1)**

FEV1post, %predicted 113.6 (12.4) 98.3 (18.2) 74.6 (13.7)

Data are expressed as mean and standard deviation (SD).

*P = 0.05 and **P = 0.001 as compared to controls.
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ized spirometry before three episodes of 5-min inhalation of

aerosolized 4.5% hypertonic saline solution generated by

ultrasonic nebulizer (KLAVAmed, Bielefeld, Germany). For

safety reasons, in severe asthma patients, sputum was

induced according to a validated algorithm starting with iso-

tonic saline (20). Prior to sputum production, subjects were

asked to rinse their mouth with water, swallow and blow the

nose to minimize contamination of sputum with saliva and

postnasal drip fluid.

Sputum processing

Whole sputum samples were processed according to a vali-

dated protocol (21). An equal volume of dithiotreitol

(10 mM DTT in 135 mM Tris buffer, pH 8.0) was added to

the sputum (DTT; Sigma Chemical Company, St Louis, MO,

USA). The sample was incubated in a shaking bath of 37�C
for 15 min with periodical gentle manual mixing to ensure

complete homogenization. Cell numbers were counted in a

Bürker counting chamber. Slides were stained with Jenner–

Giemsa and Romanovsky (Diff-Quick; Dade Behring, Düdin-

gen, Switzerland). Supernatants were stored at )80�C until

further analysis by multiplex viral PCR. Sputum samples that

contained <20% nonsquamous cells or <50% viable cells

were excluded from analysis.

Exhaled breath condensate

Exhaled breath condensate was collected by Ecoscreen (Erich

Jaeger GmbH, Hochberg, Germany) according to the ERS

recommendations (22). Patients breathed through a nonreb-

reathing valve that separates inhaled from exhaled air, while

wearing a nose clip. To promote the generation of aerosols

from the lower airways, patients were asked to perform three

forced expiratory reserve volume (ERV) manoeuvres down to

residual volume directly into the mouthpiece. Condensate

was frozen at a temperature of )20�C. After 10 min of tidal

breathing, the sampling tube was removed from the cooling

system and the condensate probe was thawed and poured

into a polyethylene storage tube (Expender, Hamburg, Ger-

many). The EBC was stored at )80�C.

Gelatine-filtered expired air

Patients were asked to perform two forced expirations (ERV

manoeuvres) down to residual volume into an expiratory

tube containing a gelatinized filter for aerosol capture (Sarto-

rius, Germany). Gelatine filters were dissolved in MagnaPure

lysis solution (1 ml) from the total nucleic acid extraction kit

(Roche, Penzberg, Germany) and stored at )80�C.

Nasopharyngeal swabs and throat swabs

Nasal and throat swabs were chosen for upper airway assess-

ment (23). For nasopharyngeal collection, a flexible, cotton-

tip, twisted plastic wire-shaft swab (Copan Italia, Brescia,

Italy) was passed through the nostril until resistance at the

posterior nasopharynx was encountered. For throat collec-

tion, a cotton-tipped, soft plastic-shaft swab was passed

through the mouth and rubbed over the tonsils and posterior

pharynx. The swabs were placed in viral transport media.

Samples were kept at )70�C until further processing (23).

Microbiological assessment

All samples from nasal swab, throat swab, induced sputum,

gelatine filter and EBC were tested with an internally con-

trolled multiplex PCR assay for 14 respiratory viruses:

adenovirus, enterovirus, influenza virus A and B, rhinovirus

(HRV), respiratory syncytial virus (RSV), metapneumovirus

(MPV), parechovirus, parainfluenza 1–4 (PIV1–4), corona-

virus and human bocavirus (hBoV). Multiplex PCR was per-

formed essentially as described before (15, 24). Total nucleic

acid was isolated by MagNa Pure LC (Roche). Briefly, 200 ll
of sample was isolated by using the total nucleic acid extrac-

tion kit (Roche). The purified nucleic acid was eluted in 50 ll
of elution buffer. Subsequently, cDNA was generated essen-

tially as described previously (15, 24). The final reverse

transcription reaction (50 ll) contained 1500 ng of random

hexamers, 1· CMB1 buffer [10 mM Tris–HCl (pH 8.3)

50 mM KCl, 0.1% Triton X-100], 5 mM MgCl2, 20 U of

Superscript II (Invitrogen, Paisley, UK), 120 lM of each

dNTP, 4 U of RNAsin and 40 ll of NA eluate. Sub-

sequently, the mixture was incubated at 42�C for 30 min.

Multiplex PCRs were performed on a Roche LC480 (Roche).

Typical reactions contained 10 ll of 2· Probes Master

(Roche), 900 nM of primer (each) 200 nM of probe (each)

and 5 ll of cDNA in a total volume of 20 ll. Cycling condi-

tions were as follows: 2 min at 50�C and 10 min at 95�C, fol-
lowed by 45 cycles each consisting of 15 s at 95�C and 1 min

at 60�C. Data were analysed using the LC480 software

(Roche). Colour compensation objects were created as

described in the LC480 manual. A positive control for each

virus was included in the run, as well as a negative control

(15, 24).

Statistical analysis

Statistical analysis was performed using the SPSS software

(version 16.0 for Windows; SPSS Inc, Chicago, IL, USA).

Normal distributions were examined using the Kolmogorov–

Smirnov test. Baseline characteristics between the groups

were compared using the unpaired two-tailed t-test in combi-

nation with corrections for multiple comparisons (Bonferron-

i). Between-group differences in the frequency of positive

virus identification were analysed using crosstabs and the

two-sided chi-squared test. The current sample size of 12 sub-

jects per group allowed detection of 2.5-fold difference in

positive viral detection rates between the groups at statistical

power of 0.80.

Results

The baseline characteristics of the three groups are listed in

Table 1. A total number of 525 samples were analysed by

PCR (35 subjects by five techniques at each of the three time

Turchiarelli et al. Repeated virus identification in the airways of patients with mild and severe asthma
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points). Overall, 32 of 525 patient assessments (6%) showed

a virus-positive sample (Table 2). Taking all sampling meth-

ods together, on average, 2/11 (18%) of healthy controls and

3.6/12 (30%) of mild and severe asthmatics showed any virus

positivity at a given visit (Figs 1 and 2).

Asthmatics vs controls

The microbiological findings for the three visits in mild

asthma, severe asthma and controls are shown in Fig. 1.

Among the 14 respiratory viruses examined, HRV, adenovi-

rus, RSV, parainfluenza 3&4, hBoV, influenza B and corona-

virus were detected. In contrast, all samples were negative for

enterovirus, influenza A, MPV, parechovirus and parainflu-

enza 1&2. Even though the controls showed the lowest viral

detection rates at all three visits, there were no between-

group differences in the total number of positive samples

(P = 0.34) (Fig. 1).

Comparison between sampling techniques

The total virus identification by the different sampling tech-

niques is shown in Table 2. The highest viral detection rates

came from samples obtained from induced sputum and

throat swabs, whereas gelatine-filtered expired air, EBC and

nasal swabs were the three sampling techniques yielded the

least positive samples. However, the fractions of positive

samples were not significantly different between the five sam-

pling methods (P = 0.20). The identified viruses were not

consistent between induced sputum and throat swabs in 21

among 22 positive cases.

Repeatability of viral detection over time

As shown in Fig. 1, the virus distribution showed a large var-

iability between 0, 6 and 12 weeks of follow-up. RSV and

parainfluenza-4 were only detected during one visit, whereas

adenovirus, rhinovirus and hBoV were detected in the patient

populations at all three visits. However, none of the patients

showed evidence of persistent infections by the same virus

(Fig. 2).

Discussion

This study shows that repeated, luminal sampling of the air-

ways identifies the presence of respiratory viruses in patients

with clinically stable asthma as well as healthy controls. Ade-

novirus, rhinovirus, RSV, PIV 3&4, influenza B virus, coro-

navirus, hBoV were identified, whereas enterovirus, influenza

A MPV, parechovirus and parainfluenza 1–2 remained unde-

tected. Notably, positive viral identification rates did not

significantly differ between patients with mild and severe

asthma and healthy controls, nor did infections persist during

the 12-week follow-up period. These findings suggest that

clinically stable asthma is not characterized by elevated or

persistent viral presence in the intraluminal airways.

To our knowledge, this is the first study addressing the

longitudinal persistence of viral presence in asthma, by

repeated sampling of the nasopharynx, induced sputum and

exhaled air using a pentaplex PCR for 14 respiratory viruses.

Table 2 Viral identification (number and % of samples) as obtained

from any time points (0, 6 and 12 weeks)

0 weeks (%) 6 weeks (%) 12 weeks (%)

IS 4 (11) 4 (11) 4 (11)

EBC 2 (5.7) 1 (2.8) 2 (5.7)

GF 1 (2.8) 0 (0) 1 (2.8)

NS 1 (2.8) 2 (5.7) 0 (0)

TS 3 (8.6) 3 (8.6) 4 (11)

IS, induced sputum; EBC, exhaled breath condensate; GF, filtered

expired air by gelatinized filter; NS, nasopharyngeal swab; TS,

throat swab.

Controls Mild asthma Severe asthma Visit 1
Negative
HRV
Adeno
RSV
PIV-4
(h)BoV

Visit 2
Negative
HRV
Adeno
(h)BoV
Inf. B
Corona

Visit 3
Negative
HRV
Adeno
(h)BoV
PIV-3

90.9%

81.8%

72.7%

9.1%

16.7%

75%

25%

50%

16.7%

66.7%

8.3% 8.3%

8.3%

8.3%

8.3%

8.3%

8.3%

16.7%

8.3%

8.3%

8.3%

8.3%

8.3%

8.3%

8.3%

8.3%

58.4%

8.3%

66.7%

75%

9.1%

9.1%

9.1%

18.2%

Figure 1 Viral identification rates as obtained by any of the five sam-

pling techniques at baseline (upper panel), 6 weeks (middle panel)

and 12 weeks (lower panel) in the healthy controls (left panel), mild

asthmatics (middle panel) and severe asthmatics (right panel).
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Our results extend the cross-sectional findings by Harju et al.

(13) who observed no significant differences in the presence

of four respiratory viruses (rhinovirus, enterovirus, RSV and

adenovirus) in induced sputum between clinically stable asth-

matics and controls. Nevertheless, when examining bronchial

tissue, it has been reported that rhinovirus is more frequently

detected in clinically stable asthmatics as compared to con-

trols (12). This discrepancy may be attributed to differences

in viral presence between airway tissue and intraluminal sam-

ples. The latter is supported by a recent cross-sectional study

examining 13 respiratory viruses in bronchoalveolar lavage

also showing similar detection rates between asymptomatic

asthmatic children and controls (25). Taken together, the

present data suggest that respiratory viruses are not more

prevalent in the intraluminal airways of asthmatics as com-

pared to controls.

The currently observed overall viral detection rate of 6%

is considerably lower than the rates reported by invasive

techniques such as bronchoalveolar lavage or bronchial biop-

sies (12, 25). However, when collectively examining all sam-
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0 WEEK 6 WEEKS 12 WEEKS

Corona [IS]   

HRV [NS]  PIV - 3 [IS]  

(h) BoV [IS]  

HRV [IS] 

Adeno [IS] 

Adeno [TS] 

HRV [IS] 

HRV [EBC] [TS] 

Figure 2 Viral identification in individual subjects in the control (upper panel), mild asthma (middle panel) and severe asthma (lower panel)

groups at three different time points (0, 6 and 12 weeks).
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pling techniques for each subject, 30% of the asthmatics

showed virus positivity at a given visit (Figs 1 and 2). Hence,

different detection rates between studies are likely to be

because of technical, temporal and/or biological factors, as

invasive methods are sampling different locations of the

respiratory tract where viral presence may differ from regions

sampled by noninvasive methods (13). Although some studies

concluded that nasal washes are slightly more sensitive in

viral detection than swabs (26), others have reported that

their sensitivity is equal in adults (27). We chose the latter,

because nasal swabs are easier to carry out than nasal washes

and are causing less discomfort. We observed particularly

low detection rate in the gelatine-filtered expired air and the

EBC, which was not unexpected (28). Even though the sam-

pling rates did not differ significantly between the five tech-

niques in the present study, our results suggest that induced

sputum may represent a better option in this respect. This fits

in with previous studies using induced sputum for viral detec-

tion (13, 29) and suggests there is a discrepancy between

upper and intrapulmonary airway sampling with regard to

the detection of respiratory viruses in asthma and controls.

We made large efforts for adequate selection of subjects

and to use optimized methodology. First, the patients were

carefully selected based on the latest asthma guidelines (1).

On top of this, we added objective criteria to confirm or

exclude variable airways obstruction in patients and con-

trols, respectively. Furthermore, the distinction between mild

and severe asthma was based on objective and quantitative

criteria, including medication usage (17). We were careful to

exclude patients who had symptoms of respiratory infections

in the past 4 weeks. This timing may not totally exclude the

possibility of a recent viral illness, because experimental

infections have shown that viruses can occasionally persist

in the lower airways for more than 4 weeks (30). Finally,

we cannot exclude a medication bias, particularly regarding

the dose of inhaled steroids, between the groups. However,

this difference was inevitable when selecting mild and severe

asthma.

Second, our microbiological findings were obtained by the

pentaplex PCR, which is able to yield results in qualitative

manner. This pentaplex approach is increasingly applied to

routine practice of molecular diagnostics for the respiratory

viruses, showing an almost complete concordance between

the multiplex PCR and the corresponding single-target PCR

(15). Although crossing point (CP) values could give some

indication of high or low viral loads, the assay is essentially

qualitative and does not allow statements about replicative

properties of the virus in the airways of asthmatic patients

and healthy controls. The implicit limitation of our approach

is that we did not test for the presence of other nonviral

respiratory pathogens that have been linked to the persistence

and severity of asthma. This was beyond the objective of the

present study. Finally, the current sample size provided a

power of 0.80 to detect differences of 2.5-fold between the

groups. We reasoned that clinical or pathophysiological rele-

vance could only be obtained at >2-fold differences in viral

detection rates between the groups. That is why we accepted

a 2.5-fold difference with 12 subjects per group. Rather than

expanding the sample size, and thereby increasing the statisti-

cal power, we chose to sample each subject at three subse-

quent time points. Therefore, the present sample size does

not suffice to detect smaller differences in virus detection

rates between the groups. This should be taken into account

when designing future studies.

How can these results be interpreted? Regardless of the

sampling techniques used in the present study, it appears that

the identification of viruses in the airways of patients with

clinically stable asthma does not exceed those in normal con-

trols. Neither was there a difference between severe and mild

asthma. This suggests that pre-existing inflammation and/or

impaired innate immune defence do not enhance viral pres-

ence in the airways in asthma (31). However, by using 6-week

sampling windows, we cannot exclude the possibility that

pre-existing cytokine profiles or airway inflammation in

asthma may still impede viral clearance in asthma (32). Nev-

ertheless, none of the samples showed consistent presence of

viruses in individual subjects between 0, 6 and 12 weeks. The

variability of virus strains over time extends previous findings

in infants (33) and illustrates that series of infections rather

than persistent infections occur both in asthmatic and in

healthy adults. Taken together, our findings argue against the

hypothesis that the maintenance and severity of asthma are

driven by persistent virus infections.

The actual viruses that were detected in our study are of

clinical interest. Obviously, the viral spectrum is influenced

by seasonal variation (34). Nevertheless, the detection of boc-

avirus was surprising, because this has been reported mainly

in paediatric patients with respiratory diseases, but rarely in

adults (35, 36). This may suggest a link between host charac-

teristics or medication usage and the presence of bocavirus

virus in the airways in asthmatics. This needs to be confirmed

by larger prospective studies in asthmatics and controls. Fur-

thermore, we cannot exclude that the presence of atopy with

or without exposure to relevant allergens may have affected

our results. However, this question was beyond the scope of

the present study. Finally, it cannot be excluded that other

microbes than respiratory viruses are influencing the mainte-

nance and course of asthma, because a recent study based on

culture independent, PCR techniques provided evidence sug-

gestive of differential bacterial presence in bronchial brush-

ings and bronchoalveolar lavage between clinically stable

asthmatics and controls (36).

In conclusion, the present study shows that patients with

clinically stable asthma and healthy controls have similar

detection rates of respiratory viruses in samples from naso-

pharynx, sputum and exhaled air. Our data indicate that viral

presence in the airways of stable asthmatics varies over time

rather than being persistent. These findings suggest that the

maintenance and chronicity of asthma is not linked to persis-

tent viral presence in the airways.
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