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Background: The prevalence of viral infection triggering asthma exacerbation and its impact on the
symptoms and duration of exacerbation are unclear.

Methods: Asthma and healthy control subjects were recruited from the First Affiliated Hospital of
Guangzhou Medical University between February 2012 and February 2013. Nasal swabs were collected, and
respiratory viruses were detected by polymerase chain reaction (PCR). All patients completed questionnaires
and a lung function test. Some were followed up for 4 weeks, and symptom changes were evaluated via
asthma diaries.

Results: In total, 70 patients with acute asthma exacerbations were recruited. Among them, 34 patients
(48.6%) completed the 4-week follow-up study. Another 65 patients with stable asthma and 134 healthy
volunteers were also included in this study. The rate of positive viral detection via PCR in acute asthma
exacerbation patients was 34.2% (24/70), which is significantly higher than that of stable asthma (12/65;
18.5%; P=0.038) and normal control patients (18/134; 13.4%; P<0.001). Among the viral-positive subjects, the
number of viral copies was significantly higher in acute asthma exacerbation patients [(5.00+4.63) x10” copies/L]
(mean = SD) than those in stable asthma patients [(1.24+1.44) x10° copies/L; P<0.001] or in healthy controls
[(1.44£0.44) x10° copies/L; P<0.001], whose viral loads were not significantly different from one another
(P=0.774). During the 4-week follow-up period, the cough scores on days 1 and 3 were significantly higher
in the viral-positive group than in the viral-negative group (day 1: P=0.016; day 3: P=0.004). However, there
were no significant differences between these two groups for other tested symptoms, such as dyspnea and
total recovery time (P>0.05).

Conclusions: Respiratory viruses may be involved in acute asthma exacerbations, inducing more

prominent and persistent cough symptoms.
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Introduction

Acute exacerbations are the source of substantial asthma
healthcare costs, and severe asthma exacerbations may be
life threatening (1). It was reported that the average cost
for a patient with an acute exacerbation is 3.5 times higher
than that for a patient without one (2). Although multiple
factors, such as allergen exposure, infection, air pollution,
medication, and weather change, have been reported to
be involved in asthma exacerbations, viral respiratory
tract infection is considered a very common trigger (3-5).
One study detected respiratory viruses in 50% of adult
asthma patients having an acute exacerbation (3). A study of
non-hospitalized asthma exacerbations in children reported
that the presence of a viral respiratory illness was associated
with more severe asthma symptoms, but had no impact on
the recovery time (6). However, there are inconsistencies
between different study reports (7). Corne (8) reported in
a study that people with atopic asthma had more severe
and longer-lasting lower-respiratory-tract symptoms
than healthy individuals. The purpose of the current
study was to explore the prevalence and potential roles
of viral respiratory tract infection as a trigger of asthma
exacerbations using subjects from out-patient clinics.

Materials and methods
Subjects

Subjects with stable asthma or experiencing an asthma
exacerbation were recruited from the out-patient clinics and
the Emergency Department of the First Affiliated Hospital
of Guangzhou Medical University between February 2012
and February 2013. The inclusion criteria were as follows:
(I) diagnosis of asthma was confirmed with a clinical profile
and spirometry results according to the criteria described by
the Global Initiative for Asthma (GINA) guidelines (1); (II)
aged between 16 and 70 years; and (III) agreed to provide
informed consent to participate in this study. The exclusion
criteria were as follows: (I) major systemic disorders or
respiratory disorders other than asthma, such as chronic
obstructive pulmonary disease or bronchiectasis; (II) a
history of psychiatric disorders, alcoholism, drug abuse, or
persistent use of $2 blockers; and (III) other disorders that
can result in wheezing. Age-matched healthy volunteers,
who had no respiratory symptoms within the previous
4 weeks, were also recruited as members of our control
group during the same period (from February 2012 to
February 2013).

© Journal of Thoracic Disease. All rights reserved.

Liao et al. Respiratory virus and asthma exacerbation

Study design

A prospective controlled observational study was employed
to compare asthma exacerbation in viral-positive subjects
with that in viral-negative subjects. The estimated number
of subjects needed for this study was calculated by assuming
that the viral-positive rate would be 44% in subjects with
asthma exacerbation (3-5) and 18% in subjects with stable
asthma (9). With alpha set at 0.05, the estimated number of
required subjects (10) was 61 cases.

Measurement

The presence of respiratory viruses in the nasal swab
samples was detected with TagMan real-time polymerase
chain reaction (PCR) (11,12) using Respiratory Viruses
Detection Kid (Guangzhou HuYanSuo Medical Technology
Co., Ltd). DNA or RNA from respiratory samples was
extracted using a QIAamp DNA Mini Kit or a QIAamp
Viral RNA Mini Kit (Qiagen Co. Ltd., Shanghai, China),
respectively, in accordance with the manufacturer’s
protocols. The viruses assessed in this study were influenza
A (FluA), influenza B (FluB), respiratory syncytial virus
(RSV), adenovirus (ADV), human parainfluenza viruses
(hPIVs), rhinoviruses (RV, including most serotypes of
human rhinovirus groups A, B, and C), enterovirus (EV),
human metapneumovirus (hMPV), human coronaviruses
(hCoV-229E, OC43, NL63, and HKU1), and human
bocavirus (hBoV). The virus detection was conducted
by special technicians in the State Key Laboratory for
Respiratory Disease, National Clinical Research Center for
Respiratory Disease.

Asthma symptom scores were assessed with an Asthma
Control Questionnaire (ACQ) (13), an Asthma Control
Test (ACT) (14), and a Mini-Asthma Quality of Life
Questionnaire (Mini-AQLQ) (15). Pulmonary function was
assessed with spirometry.

Other symptoms, such as fever, headache, myalgia,
pharyngalgia, nasal discharge, sneezing, cough, dyspnea,
and night wakening, were also recorded and evaluated with
arbitrary units from 0 (null) to 3 (severe).

The management of asthma exacerbation in each subject
was consistent with the GINA recommendations (1,16). All
of the patients were followed up for 4 weeks with an asthma
diary and peak expiratory flow (PEF) monitoring (17-19).
At the end of the 4-week follow-up, patients were re-
evaluated with viral detection and spirometry.

"This study was approved by the Ethics Committee of the
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Table 1 Baseline data of asthma patients in the stable or exacerbation

groups
Patient Exacerbation Stable P value
demographics
No. of subjects 70 65
Age (y)* 48.7+14.3 45.9+13.9 0.260
Sex (male/fe- 30/40 36/29 0.146
male)
Duration (y)** 7.0 (4.0-12.3) 7.0 (4.0-15.0) 0.636
ICS maintenance 33/37 60/5 <0.001
(yes/no)
Smoking status 0.658
(no. of cases)

Non-smoker 58 50

Ex-smoker 9 12

Smoker 3 3
ACQ™ 3.0 (0.5-3.0) 0 (0-0) <0.001
ACT** 19.0 (16.0-21.0) 24.0 (23.0-25.0) <0.001
Mini-AQLQ 4.87 6.32 <0.001
Rhinitis (number 32 25 0.394
of cases)

*, data shown as the mean + standard deviation; **, data
are shown as the mean (interquartile range); ICS, inhaled
corticosteroid; ACQ, Asthma Control Questionnaire; ACT,
Asthma Control Test; Mini-AQLQ, Mini-Asthma Quality of
Life Questionnaire.

First Affiliated Hospital of Guangzhou Medical University
[2012-30]. The research protocol was registered on the
Registry Center of Chinese Clinical Research (chictr.org,
ChiCTR-OCC-12002935). Written informed consent was
obtained for every subject involved in this study.

Statistics

Statistical analyses were performed using an Statistical
Product and Service Solutions (SPSS, IBM®) 16.0 package.
Normally distributed data were compared by #-tests and
are expressed as their mean (standard deviation, SD). The
significance of changes in paired data was analyzed by paired
t-tests. Skewed data were analyzed by Mann-Whitney U
tests or Wilcoxon signed ranks tests and are expressed as the
median (interquartile range). Two-tailed P values less than
0.05 are considered significant.
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Results
Patient demographics

A total of 70 subjects with asthma exacerbation (exacerbation
group) and 65 subjects with stable asthma (stable group)
were recruited from February 2012 to February 2013.
A total of 134 age-matched normal volunteers were
recruited as controls (normal group). In the exacerbation
group, 70 (100%) initial nasal swabs were obtained. The
average number of days after exacerbation onset before
sample collection was 5.5 (range, 3-7) days. Of the
70 exacerbation group cases, 34 (48.6%) completed the
4-week follow-up and follow-up nasal swab samples for use
in viral detection. Nasal swab samples were obtained for
viral detection in the 65 stable asthma group patients and
the 134 normal control group patients.

The demographic data from the stable and exacerbation
asthma groups are shown in 7able 1. In the exacerbation
group, the ACQ and ACT scores were higher (all P<0.001)
and the rate of inhaled corticosteroid (ICS) maintenance
therapy was lower than those in the stable group (47.1%
vs. 92.3%, P<0.001). There were no significant differences
in the duration of asthma history, smoking status, or
comorbidity of rhinitis between the stable and exacerbation
groups (all P>0.05).

Results of respiratory virus detection

The presence of respiratory viruses in the patient samples
was detected by PCR (Table 2). The viral-positive rate of
samples from the exacerbation group was 34.2% (24/70),
which is significantly higher than that for samples from the
stable asthma group (12/65; 18.5%; P=0.038) or from the
normal control group (18/134; 13.4%; P<0.001). There was
no significant difference between the viral-positive rates
of the stable and control groups (P=0.279). Of the tested
viruses, the most common viral yields were HCoV (eight
cases), Flu A (six cases), RSV (five cases), RV (four cases),
and hPIV (three cases). In the exacerbation group, samples
from six cases (8.5%) were positive for more than one virus,
according to the PCR results. No human metapneumovirus
or human bocavirus was detected in our samples.

Among the viral-positive subjects, the viral load (number
of viral copies) was significantly higher in the acute asthma
exacerbation group [(5.00+4.63) x10” copies/L] (Mean +SD)
than in the stable asthma group [(1.24+1.44) x10° copies/L;
P<0.001] or in the healthy control group [(1.44+0.44) x10°
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Table 2 Respiratory viruses detected in study subjects by PCR

Virus Exacerbation Stable Control
(n=70) (n=65) (n=134)
FIuA 3 1 8
FluB 2 0 1
hPIV 1 1 0
RSV 4 2 0
ADV 0 2 0
RV 4 1 8
hCoV 4 2 0
hMP 0 0 0
hBOV 0 0 0
EV 0 1 0
Co-infection 6 2 1
Total 24 12 18

FIuA, influenza A; FluB, influenza B; hPIV, human parainflu-
enza virus, RSV, respiratory syncytial virus; ADV, adenovirus;
RV, rhinovirus; hCoV, human coronaviruses; hMP, human
metapneumovirus; hBoV, human bocavirus; EV, enterovirus;
Co-infection, more than one virus detected; PCR, polymer-
ase chain reaction.

copies/L; P<0.001]. However, there was not a significant
difference between the viral loads of the stable asthma and
healthy control groups (P=0.774).

Clinical characteristics of asthina exacerbation

No significant differences were found between the virus-
positive and virus-negative subjects within the asthma
exacerbation group (all P>0.05) for their severity of
exacerbation, ACT score, ACQ score, mini-AQLQ score,
general symptoms score, upper respiratory tract symptoms
score, and lower respiratory tract symptoms score, although
the smoking rate was higher in the viral-positive subgroup
(12%; 3/25) than in the viral-negative subgroup (0%; 0/45;
P=0.042), (Table 3).

Effect of being viral positive on asthma convalescence

The dynamic symptom changes during the observation period
are shown in Figure 1. In comparison with the viral-negative
subgroup, the cough score in the viral-positive subgroup
of asthma exacerbation was significantly higher on days
1, 3, and 14 {[day 1: 2 [1, 3] [median (interquartile range)] vs.
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Table 3 Comparison of clinical characteristics in asthma

exacerbation patients between viral-positive and viral-negative

subsets

Characteristics Positive Negative P value
(n=24) (n=45)

Sex (male/female) 8/17 16/18 0.490

Age (y) 47.9 49.2 0.731

Duration (y)* 6.0 (0.25-40) 9.0 (0.30-40) 0.155

ICS maintenance (yes/no) 14/10 19/26 0.269

Severity of exacerbation 20/4 41/4 0.443

(mild/moderate)

Smoking (yes/no) 3/22 0/45 0.042

Rhinitis (no. of cases) 11 21 0.830

ACT* 18.52+3.15 17.82+3.70 0.428

ACQ*™ 2.04+1.08 2.12+0.93 0.755

Mini-AQLQ** 491+0.92 4.86+0.86 0.833

Systemic symptom 0 (0-6) 0(0-3) 0.150

scores*

Upper airway symptom 2 (0-4) 1 (0-6) 0.067

scores®

Lower airway symptom 4 (2-9) 5(1-9) 0.590

scores*

*, data shown as the median (interquartile range); **, data
are shown as the mean + standard deviation; ICS, inhaled
corticosteroid; ACQ, Asthma Control Questionnaire; ACT,
Asthma Control Test; Mini-AQLQ, Mini-Asthma Quality of
Life Questionnaire.

1[1,1]; day 3: 2 [1, 2] ws. 1 [1, 1]; day 14: 1 [0, 1] zs. 0 [0, O];
P=0.016; P=0.004, and P<0.05, respectively}. However, no
statistically significant differences were observed on any other
days during the observation period. However, there were no
significant differences in the other evaluated symptoms, such
as dyspnea and total time for recovery (P>0.05) between
these two subgroups. The total convalescence time was
similar in each of the two subgroups {viral positive group:
9.5 days (range, 9-12 days) [median (interquartile range)] vs.
viral-negative group: 8.5 days (range, 6-15 days); P>0.05}.
Of the 70 patients with asthma exacerbation, 34 (48.6%)
completed a 4-week follow-up. The lung function recovery
after exacerbation of these subjects is shown in Tuble 4.
There was no difference in the recovery of lung function
between the viral-positive and viral-negative subgroups.
Although PEF monitoring was meant to be included in this
study, only 62% (21/34) of the subjects actually performed
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Figure 1 Comparison of symptoms during recovery from virus-associated acute asthma exacerbation or non-virus acute asthma exacerbation.

The cough scores of patients with (A) virus-associated acute asthma exacerbation (virus AE) or (B) non-virus acute asthma exacerbation

(non-virus AE). The dyspnea scores of patients with (C) virus AE or (D) non-virus AE. e, mild outliers; *, extreme outliers.

PEF monitoring, and of those who did perform the PEF
monitoring, poor compliance with the protocol was
common. Because of this, we were unable to include PEF

data in our analyses.

Discussion

Although many studies have investigated the connection

between viruses and asthma, few studies have focused on the

© Journal of Thoracic Disease. All rights reserved.

impact of respiratory viruses on the recovery from asthma
exacerbation. Here, we investigated the potential impacts
of respiratory viral infection on asthma symptoms and
recovery by comparing the dynamic changes in symptoms
and lung function during the observation period between
groups of asthma exacerbation patients that were respiratory
virus positive (viral positive) or virus negative. Additionally,
this study describes the prevalence of respiratory viral

infection as a cause of acute exacerbation of asthma in the
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Table 4 Comparison of the lung function recovery after acute

asthma exacerbation between the virus-positive and virus-negative

subgroups.
Lung function Positive Negative P value
(n=8) (n=26)

FEV, (day 0)* 1.84+0.67 1.81+0.86 0.51
FEV, (day 28)* 2.10+0.79 2.03+0.73 0.55
AFEV, (L)* 0.43+0.37 0.23+0.41 0.48
FVC (day 0) 2.83+0.94 2.71+£1.13 0.74
FVC (day 28)* 2.86+1.15 2.92+0.85 0.30

*, data are shown as the mean =+ standard deviation; FEV,,
forced expiratory volume in one second; AFEV,, the change
of FEV, from the baseline during recovery; FVC, forced vital
capacity.

local area of Guangzhou, which is in the southern part of
China. The positive rate of respiratory viral detection for
our subjects was 34.2%, which is similar to previous reports
in the literature (4).

For this type of study, the use of reliable methodology
for detecting respiratory viruses is crucial. Previous reports
indicate that the PCR method can be used to detect common
respiratory viruses with both good sensitivity and good
specificity (11-12,20), and they recommend it as the first choice
for clinical diagnosis. Therefore, we used PCR for respiratory
virus detection in this study. Although we had originally
planned to include the detection of convalescence antibodies
and virus culture in our study protocol, we failed to acquire
convalescent blood samples from the majority of patients
owing to a low compliance rate for the follow-up clinical visit
4 weeks after exacerbation. Additionally, virus culture is well
known for its low yield rate and is not recommended as a
routine method for clinical detection (21,22).

Other important factors in the asthma exacerbation
induced by respiratory viruses are the identity and number
of viral species involved. A variety of viruses might be
involved in the exacerbation of asthma. Several reports
showing that viral infection is an important trigger for
asthma exacerbation (3-5,23) included only five or six viral
species. Here, we aimed to include as many respiratory
viruses as possible; we detected 13 different viral species
in our samples. In agreement with previous reports,
the most commonly detected viruses in our study were
influenza A, influenza B, human parainfluenza virus, RSV,
human coronavirus, and rhinovirus (4). Although human
metapneumovirus has been commonly detected during
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asthma exacerbation in children (24), we failed to find any
human metapneumovirus in our cohort of subjects.

It remains controversial whether positive PCR results
always represent true respiratory viral infections or if they
could result from a bystander virus. To address this issue,
we included stable asthma and healthy subjects as control
groups in our study. Although respiratory viruses were
detected by PCR in approximately 10-15% of the stable
asthma and healthy subjects, the viral-positive rate was
significantly higher in the asthma exacerbation group and
there was no significant difference in this rate between the
stable asthma and healthy control groups. These results are
similar to those reported by Corne ez /. (8). Furthermore,
our results using the quantitative PCR method show that
the viral load (viral copy number) was significantly higher
in the exacerbation group than in the stable group. Further
studies are still needed to establish a cut-off value for
discriminating between true infection and bystander viruses.

Asthma patients are predisposed to infections with
respiratory viruses because the epithelia damage caused by
uncontrolled asthma makes them more susceptible to these
infections (25). The use of ICS can restore intact epithelia
and reduce the incidence of respiratory viral infections (26).
One report indicates that a lack of ICS maintenance therapy
is a risk factor for respiratory infection in asthma patients (25),
which is consistent with the results of our study.
Additionally, smoking has been shown as another important
risk for susceptibility to respiratory viral infections (25),
especially for rhinovirus infection (26), which is also
consistent with our results.

The impact of viral infection on asthma exacerbation
remains an important issue. Interestingly, there have
been reports that viral infections interact with allergen
exposure in triggering asthma exacerbation (23). Duff er
al. (27) reported that the co-existence of high IgE levels
and rhinovirus infection increased the risk of asthma
exacerbation with an odds ratio of 10.8. Allergen exposure
may increase the expression of intercellular adhesion
molecule-1, which is the cell surface receptor for rhinovirus
and facilitates its entry (28,29). However, rhinovirus
infection has been shown to promote airway hypersensitivity
and eosinophil, neutrophil, and lymphocyte inflammation
in an ovalbumin-sensitized mouse model (30). A study by
Message et al. (31) found that rhinovirus infection in an
asthma patient increased both his asthma symptoms and
airway eosinophil inflammation. However, in our study,
which agrees with a similar report from Hongkong (6),
there were no significant differences between the viral-positive
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and viral-negative asthma exacerbation subgroups in
their overall asthma severity, CAT score, or respiratory
symptoms at the first visit during acute exacerbation.
The reasons for this discrepancy are unclear, but could
include the differences in our study populations. In our
study, we only included asthma exacerbations that could
be managed in out-patient clinics, so we did not include
hospitalized patients. Whether or not respiratory viral
infection is more important in asthma exacerbations that
require hospitalization or in children still remains unknown.
However, our study found that cough symptoms were more
prominent and persistent in the viral-positive subgroup than
in the viral-negative subgroup, indicating that respiratory
viral infection does have an impact on asthma exacerbation.
Further investigations on the potential role of respiratory
viral infection on asthma exacerbation should be conducted
with larger sample sizes, on patients with severe asthma
exacerbations, and on patients prone to infections with
respiratory viruses, such as children or the elderly.

Conclusions

Respiratory viruses were detected in 34% of the asthma
patients experiencing an acute exacerbation. The patients
infected with these viruses had more prominent and
persistent cough symptoms, suggesting that respiratory
viruses are involved in the acute exacerbation of asthma.
The potential effects of respiratory viral infection on severe
asthma exacerbations and on asthma in children or in the
elderly deserve further study.
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