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Purpose: Severe acute exacerbations of chronic obstructive pulmonary disease (AECOPD)
that require hospitalization and emergency department visits are associated with considerable
morbidity and mortality. Respiratory viral infection is an important cause of severe
AECOPD. We evaluated the incidence and prognostic factors of viral infection in severe
AECOPD.

Patients and Methods: We performed a retrospective study of 262 cases of severe
AECOPD in 192 patients who required hospitalization and emergency department visits at
a tertiary teaching hospital in Daegu, Korea. A multiplex polymerase chain reaction panel
using a nasopharyngeal swab sample was performed to detect viral infection.

Results: Viral infection was detected in 108 events (41.2%) from 96 patients. The most
common virus was rhinovirus/enterovirus (27.5%), followed by influenza virus (22.5%),
respiratory syncytial virus (13.3%), parainfluenza virus (12.5%), coronavirus (12.5%),
metapneumovirus (7.5%), and adenovirus (4.2%). Virus-positive exacerbations, compared
to virus-negative exacerbations, had a higher frequency of symptoms of rhinopharyngitis,
higher neutrophil count and C-reactive protein (CRP) level, and lower eosinophil count.
Multivariate analysis demonstrated that elevated CRP levels (odds ratio [OR], 2.76; 95%
confidence interval [CI], 1.24-6.15), symptoms of rhinopharyngitis (OR, 1.98; 95% CI,
1.03-3.78), low eosinophil count (OR, 1.74; 95% CI, 1.03-2.92), and inhaled corticosteroid
(ICS) use (OR, 1.70; 95% CI 1.04-2.80) were associated with viral infection in severe
AECOPD.

Conclusion: The incidence of viral infection in severe AECOPD was 41.2%, and the most
commonly detected virus was rhinovirus/enterovirus. Increased CRP level, symptoms of
rhinopharyngitis, low eosinophil count, and use of ICS were associated with viral infection in
severe AECOPD.

Keywords: chronic obstructive pulmonary disease, exacerbation, viral infection, multiplex
polymerase chain reaction, risk factors

Introduction

Chronic obstructive pulmonary disease (COPD) is a common, progressive disease
with persistent respiratory symptoms and airflow limitation." COPD is a major
cause of morbidity and mortality worldwide and is expected to be the third leading
cause of death in 2030.% Acute exacerbations of chronic obstructive pulmonary
disease (AECOPD) are related to increased hospital admission, morbidity, and
mortality’ and cause accelerated lung function decline.* Respiratory infections,
including bacterial and viral infections, are known to be important triggers of
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AECOPD.’> As detection of viral infection using serology
and culture has low sensitivity,® the role of viral infection
in AECOPD has been underestimated compared to that of
bacterial infection. However, with recent advances in
polymerase chain reaction (PCR) techniques, the viral
detection rate has reached 56%.” As the detection rate of
virus increases, interest in the effect of viral infection on
AECOPD has also increased. Rhinovirus, influenza virus,
and respiratory syncytial virus (RSV) are the most com-
monly identified viruses in AECOPD.® Although there
have been several studies on respiratory viruses causing
AECOPD,*’ they could not sufficiently demonstrate the
overall prevalence since viral infection has geographic and
seasonal variation.

A previous study showed that CRP level and body
temperature were associated with viral detection.'® Kwak
et al reported female sex was related with high risk of viral
infection.'' But few studies have evaluated the risk factors
of viral infection in patients with AECOPD. But Few
studies have evaluated the risk factors of viral infection
in patients with AECOPD.

Therefore, this study aimed to evaluate the prevalence
of respiratory viral infection using a highly sensitive PCR
method and investigate the risk factors for viral infection
in patients with severe AECOPD requiring hospital
admission.

Method
Study Design and Participants

We performed a retrospective study of patients with
AECOPD who
University Medical

were hospitalized at
(a 930-bed,

affiliated, tertiary referral hospital in Daegu, South

Yeungnam
Center university-
Korea) between January 2017 and December 2018.
During the study period, all COPD patients (>40 years)
admitted to the hospital who had multiplex PCR results for
viral identification were eligible for inclusion.

Exclusion criteria were as follows: (1) patients without
a multiplex PCR test performed within 24 hour of hospi-
talization and (2) patients admitted with bronchial asthma
or dyspnea of other origin (heart failure, pulmonary
edema, or pulmonary embolism).

The primary outcome was the prevalence of respiratory
viral infection in AECOPD. The secondary outcome was
the risk factors of viral infection.

This study was conducted in accordance with the tenets
of the Declaration of Helsinki and was reviewed and

approved by the Institutional Review Board of
Yeungnam University Hospital (YUH IRB 2021-01-008).
Written informed consent was waived because of the retro-
spective study design, which is in compliance with the
institutional and national policies concerning research
approvals. Patient’s records were anonymized before ana-
lysis to maintain their confidentiality.

Data Collection and Definitions

According to the definition of AECOPD mentioned
above, three pulmonologists (JHA, JHJ, and JGJ) made
the diagnosis of COPD exacerbation. Patient electronic
medical records were reviewed by all authors, and
demographic, clinical, and spirometric data were
collected.

Laboratory findings, including complete blood counts
with differentials, blood chemistry, inflammation markers
such as C-reactive protein (CRP) and procalcitonin levels,
and multiplex PCR for respiratory virus results, were
reviewed. Nasopharyngeal swabs were obtained at admis-
sion (within 24 hour). A multiplex PCR panel (FilmArray
Respiratory Panel; BioFire Diagnostics, Inc., Salt Lake
City, UT, USA), which target 17 viruses, including adeno-
virus, coronaviruses (OC43, 229E, NL63, and HKU1),
human metapneumovirus (hMPV), human rhinovirus and
enterovirus, influenza A (including subtypes HIN1, H3N2,
and the 2009-H1N1) and B viruses, parainfluenza viruses
(1,2,3, and 4), and RSV, was used to detect respiratory
viral infections.

The diagnosis and severity of COPD was made
according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria, which defines
COPD as a post-bronchodilator forced expiratory volume
in one second (FEV)) to forced vital capacity ratio of
<0.7." AECOPD was defined according to the GOLD
guidelines as an acute worsening of respiratory symptoms
(dyspnea, increased sputum volume, and purulence) that
was beyond daily variation and needed additional
treatment.'> Frequent exacerbations were defined if
acute exacerbation occurred twice or more for 1 year.
Respiratory viral detection was defined as detection of
any respiratory virus in nasopharyngeal swab samples
by multiplex PCR. Nasopharyngeal symptoms included
the presence of increased rhinorrhea, nasal congestion, or
sore throat. Use of inhaled corticosteroid (ICS) was
defined as having been prescribed ICS for at least 3
months.
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420 patients hospitalized
with exacerbation of COPD

262 exacerbation cases of
192 patients

108 cases of positive viral
detection

224 patients excluded;
81 patients who were hospitalized for other
cause of dyspnea
143 patients with no multiplex PCR results
available

154 cases of negative viral

detection

Figure | Flowchart of participant enrollment. A total of 420 patients were hospitalized with acute exacerbation of chronic obstructive pulmonary disease. After excluding
patients who were hospitalized for other causes of dyspnea and those with no multiplex polymerase chain reaction (PCR) results available, 262 final exacerbation cases from

192 patients were enrolled in the study.

Statistical Analysis

Continuous variables are expressed as means + standard
deviation (SD),
a Student”s s t-test or Mann—Whitney U-test. Categorical

and these were compared using
variables were compared using chi-squared test or Fisher’s
exact test. Continuous data were categorized using logistic
regression analysis. Multivariable logistic regression ana-
lyses were performed to identify independent risk factors
for viral detection in patients with severe AECOPD, as
measured by the odds ratios (ORs) with 95% confidence
intervals (CIs). In all analyses, a p-value <0.05 was con-
sidered statistically significant. All statistical analyses
were performed using the SPSS software (ver. 24.0;

SPSS Inc., Chicago, IL, USA).

Results

Study Population

During the study period, 420 patients with AECOPD were
hospitalized. After application of the exclusion criteria,
262 cases from 192 patients were included (Figure 1).
Table 1 shows the baseline characteristics of the study
population. The mean patient age was 76.5+7.9 years,
and 155 (80.7%) were males. Most patients had
a smoking history (92.7%). The mean FEV, after bronch-
odilator was 69.1%, and 56 (29.7%) patients had a history
of severe AECOPD in the previous year.

Detection of Respiratory Viruses in
Severe AECOPD

In total, 108 (41.2%) out of 262 cases tested positive for
respiratory viruses, cases with multiple viral detection
were 11. The most common viruses were rhinovirus/
enterovirus  (30.1%), followed by influenza virus
(25.0%), RSV (14.8%), parainfluenza virus (13.9%), cor-
onavirus (13.9%), hMPV (8.3%), and adenovirus (4.6%)
(Table 2).

Difference of Variables Between Groups
with Positive and Negative Viral
Detection in Severe AECOPD

Comparison between the two groups showed no difference
in age, sex, smoking status, vital signs on admission,
FEV,, severity of COPD, and clinical outcome (Table 3).
Nasopharyngeal symptoms were more prevalent in the
virus-positive exacerbation group than in the virus-
negative group. The use of ICS was more common in the
virus-positive exacerbation group than in the virus-
negative exacerbation group. In laboratory tests, mean
neutrophil counts and CRP levels were significantly higher
and eosinophil count was significantly lower in the virus-
positive exacerbation group than those in the virus-
negative exacerbation group (Table 4).

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

1267

Dove:


https://www.dovepress.com
https://www.dovepress.com

Jang et al

Dove

Table | Characteristics of Enrolled Patients

Table 2 Respiratory Viruses lIdentified in Severe Chronic

Obstructive Pulmonary Disease Exacerbation Events

Variables Number of Patients
(N=192)
Age (years) 76.5+7.9
Sex, n (%)
Male 155 (80.7)
Female 37 (19.3)
Body mass index (kg/m?) 21.5£4.5
Smoking, n (%)
Current smoker 56 (29.2)
Ex-smoker 122 (63.5)
Never smoker 13 (7.3)
Comorbidities, n(%)
Coronary artery disease 18 (9.4)
Heart failure 17 (8.9)
Chronic kidney disease 10 (5.2)
Cerebrovascular disease 18 (9.4)
Diabetes mellitus 31 (l6.1)
Hypertension 67 (34.9)
Spirometry after bronchodilator
FvC 69.1+16.2
FEVI 49.3£18.8
Ratio of FEVI to FVC 47.5£13.3
Maintenance inhaler medication
LAMA 24 (12.5)
LAMA+LABA 53 (27.6)
LAMA+LABA+ICS 58 (30.2)
ICS+LABA 26 (13.5)
No use 31 (l6.1)
History of acute exacerbation in the | 56 (29.7)
last year

Note: Data are presented as means * standard deviations or numbers (percentages).
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV, forced
expiratory volume in one second; FVC, forced vital capacity; LAMA, long-acting
muscarinic antagonist; LABA, long-acting B, agonist; ICS, inhaled corticosteroid.

Factors Associated with Viral Detection
in Severe AECOPD

To clarify the factors associated with viral detection in severe
AECOPD cases, we investigated several variables including
age, sex, nasopharyngeal symptoms, use of ICS, eosinophil
count, CRP level, and absolute neutrophil count (Table 5).
The univariable analysis revealed that nasopharyngeal symp-
toms, use of ICS, eosinophil count <100/uL, and CRP level
>0.5mg/dL were significantly associated with viral detection.
In the multivariable logistic analysis, nasopharyngeal symp-
toms (OR, 1.98; 95% CI, 1.03-3.78; p = 0.019), use of ICS
(OR, 1.69; 95% CI, 1.01-2.84; p = 0.036), eosinophil count
<100/uL (OR, 1.74; 95% CI, 1.03-2.92; p = 0.018), and CRP

Pathogen No. of Virus Positive Events
(N=108)
Rhino/enterovirus 33 (30.1)
Influenza 27 (25.0)
Influenza A 18 (16.7)
Flu A/HI 0 (0)
Flu A/H1-2009 7 (6.5)
Flu A/H3 12 (11.1)
Influenza B 10 (9.3)
Parainfluenza 15 (13.9)
Parainfluenza | 6 (5.6)
Parainfluenza 2 0 (0)
Parainfluenza 3 5 (4.6)
Parainfluenza 4 4 (3.7)
Coronavirus 15 (13.9)
Coronavirus 229E 3(28)
Coronavirus HKUI 1 (0.9)
Coronavirus OC43 7 (6.5)
Coronavirus NL63 4 (3.7)
Metapneumovirus 9 (8.3)
Respiratory syncytial 16 (14.8)
virus
Adenovirus 5 (4.6)
Multiple virus infection 11 (10.2)

Note: Data are presented as numbers (percentages).

level >0.5 (OR, 2.76; 95% CI, 1.24-6.15; p = 0.009) were
found to be associated with viral detection in severe
AECOPD. This association was consistently maintained
after adjusting for COPD severity and frequent exacerbation
(Supplementary Table 1).

Discussion
In our study, we analyzed the prevalence of viral infections
and risk factors associated with viral infection in a large
number of patients with severe AECOPD who required
hospitalization. The main findings of this study were as
follows: (1) The overall prevalence of viral infection was
41.2%; (2) the most commonly detected viral pathogen
was rhinovirus/enterovirus; (3) the nasopharyngeal symp-
toms, use of ICS, low eosinophil count, and elevated CRP
levels were associated with viral detection.

The prevalence of viral infection was 41.2% in our
study. The rate of viral detection varies depending on the
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Table 3 Comparison of Clinical Data Between Virus-Positive Acute Exacerbation
(AECOPD) and Virus-Negative AECOPD Groups

of Chronic Obstructive Pulmonary Disease

Variables All Respiratory Virus - Positive Respiratory Virus — Negative P-value
Events Events Events
(N=262) (108) (154)
Age 75.4£7.5 76.3£7.9 76.5%7.2 0.804
Male, n (%) 220 (84.0) | 89 (82.4) 131 (85.1) 0.564
Current smoker, n (%) 73 (27.9) 26 (24.1) 47 (30.5) 0.252
Body mass index (Kg/m?) 21.3+4.2 21.1£3.4 21.41+4.6 0.619
Symptoms at admission 0.483
Duration of symptom prior to 4.2+3.4 4.4+3.3 4.1£3.5
admission
Nasopharyngeal symptoms 52 (19.8) 29 (26.9) 23 (14.9) 0.017
Increased cough 69 (26.9) 29 (284) 40 (26.0) 0.874
Increased sputum production 67 (25.6) 34 (27.6) 33 (214) 0.066
Dyspnea 237 (90.5) | 100 (97.7) 137 (89.0) 0.21
ICS use 118 (45) 57 (52.8) 61 (39.6) 0.035
Frequent exacerbation 45 (17.2) 14 (13.0) 31 (20.1) 0.130
Vital sign on admission
Systolic blood pressure 127.1+£24.3 | 127.3£26.7 127.0+22.5 0.921
Diastolic blood pressure 78.2%15.6 | 77.6x16.7 78.6+14.9 0.596
Mean blood pressure 110.8+20.7 | 110.7£22.8 110.9+19.1 0.955
Heart rate 95.2421.5 | 95.5%23.1 94.9+20.4 0.829
Respiration rate 21.8+4.0 22.0+5.3 21.7+2.8 0.543
Body temperature 37.4+0.8 37.5+0.8 37.3+0.8 0.104
Spirometry after bronchodilator
FVC (% of predicted value) 69.1x16.2 68.0%17.1 68.2£15.5 0.890
FEVI (% of predicted value) 49.3+188 | 48.0+19.5 47.3+18.0 0.761
Ratio of FEVI to FVC (%) 47.5%133 | 47.1£14.0 46.2+13.7 0.617
Severity of COPD, n (%) 0.499
GOLD | 16(6.2) 8(7.5) 8(5.2)
GOLD 2 91(35) 38(35.8) 53(44.2)
GOLD 3 106(40.8) 38(35.8) 68(44.2)
GOLD 4 47(18.1) 22(20.8) 25(16.2)
Bacterial infection 56 (21.4) 22 (23.1) 34 (22.1) 0.740
Outcomes
Hospital stay, day 11.4+8.2 11.7+9.4 11.247.3 0.610
ICU admission 20 6 (5.6) 14 (9.1) 0.289
In hospital death 13 (5.0) 6 (5.6) 7 (4.5) 0.711
Readmission in 3 months 68 (25.5) 22 (28.0) 46 (29.9) 0.084

Note: Data are presented as means * standard deviations or numbers (percentages).
Abbreviations: ICS, inhaled corticosteroid; FEV, forced expiratory volume in one second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung

Disease; ICU, intensive care unit.

diagnostic method used. Previous studies using serology or
viral culture reported that the prevalence of viral infection
was 9% in patients with AECOPD.® However, the advent

of PCR has improved the detection rate of viral infection.

Kherad et al reported that viral detection was observed in
approximately half of patients with AECOPD." The rates
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Table 4 Comparison of Laboratory Findings Between Virus-Positive and Virus-Negative Events
Variables All Events | Respiratory Virus — Positive Respiratory Virus — Negative P-value
(N=262) Events Events
(108) (154)

Complete blood count (normal

range)
White blood cells, x10%/L) 11.5%5.1 12.3+6.2 11.0+4.2 0.063
>10 152 (58.3) 63 (58.3) 89 (58.6) 0.930
Neutrophil count, x10%/L 8.9+44 9.6+4.8 84142 0.036
(1.8-6.3)
>4.8, n (%) 207 (79.3) 92 (85.2) 115 (75.2) 0.049
Eosinophil count,/uL (50-500) 163.2+212.2 | 124.80%171.6 190.1+233.4 0.010
>100, n (%) 120 (45.8) 40 (37) 80 (51.8) 0.017
Eosinophil percent 1.7£2.4 1.3+2.0 2.0£2.5 0.032
>2%, n (%) 71 (37.2) 22 (20.6) 49 (31.8) 0.044

Blood chemistry (normal range)
Albumin, g/dL (3.5-5) 3.5+0.8 3.5£0.5 3.5%0.9 0.763
Creatinine 1.1£0.7 1.1+0.8 1.0+0.7 0.157

Infection markers (normal range)
C-reactive protein, mg/dL (0-0.5) | 7.5+10.2 9.2%13.1 6.4+7.5 0.043
>0.5, n (%) 220 (84.3) 98 (91.6) 122 (79.2) 0.007
Procalcitonin, ng/mL (0-0.5) 0.6x1.6 0.6x1.5 0.6x1.6 0.88

Note: Data are presented as means * standard deviations or numbers (percentages).

Table 5 Factors Associated with Viral Detection in Severe Chronic Obstructive Pulmonary Disease Exacerbation Based on

Multivariable Logistic Regression Analysis

Univariable Multivariable Model®

OR (95% CI) P value OR (95% CI) P value
Age >70 0.89 (0.47-1.7) 0.732 0.878 (0.43-1.80) 0.723
Female, sex 1.22 (0.63-2.36) 0.564 1.40 (0.68-2.87) 0.357
Nasopharyngeal symptoms 2.09 (1.13-3.87) 0.019 1.98 (1.03-3.78) 0.040
Use of ICS 1.70 (1.04-2.80) 0.036 1.69 (1.01-2.84) 0.047
Eosinophil<100/uL 1.84 (1.12-3.04) 0.018 1.74 (1.03-2.92) 0.038
CRP>0.5 mg/dL 2.86 (1.302-6.27) 0.009 2.76 (1.24-6.15) 0.013
ANC>4.8, x10%/L 1.90 (0.997-3.622) 0.051 1.41 (0.71-2.80) 0.332

Note: *Adjusted for age, sex, rhinopharyngitis symptom, ICS use, eosinophil count, CRP level, ANC.
Abbreviations: ANC, absolute neutrophil count; Cl, confidence interval; CRP, C-reactive protein; ICS, inhaled corticosteroid; OR, odds ratio.

of viral detection by PCR in AECOPD patients are vari-
able. Previous studies have reported a detection rate of
37-51% in patients hospitalized with AECOPD,'*'¢
which is consistent with our results. The viral detection
rate in some studies performed in Asia was relatively low,
22.1% and 28.1%.""*'7 These differences might be caused
by several factors, such as geographic differences, influ-
enza vaccination rate, seasonal variation of the study

period, difference of PCR techniques, or the timing and
method of sampling.'"'”-'® This study was conducted over
2 years, and we collected a relatively large number of
nasopharyngeal samples within 24 hour of hospitalization.
These points might explain the higher prevalence of viral
detection in our study than that in other Asian studies.

A systemic review analyzing 24 studies on viral infec-
tions in AECOPD reported that human rhinovirus,
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influenza virus, RSV, and coronaviruses were the most

commonly detected viruses,'® which was consistent with

our results, except for parainfluenza virus. In our study,

rhinovirus/enterovirus was the most commonly detected

with  the
11,13,15,19 . .

result. In the case of influenza virus, our result

virus, which was consistent previous
showed a higher detection rate compared to that in pre-
vious studies'"'*?° but was consistent with those of sev-
eral studies.'”*' As the influenza virus detection rate could
be related to seasonal variation and vaccine usage, differ-
ences between studies in the detection rate of this virus is
inevitable. The incidence of RSV infection was consistent
with those of several studies.'”** RSV is an important
pathogen of respiratory infection in elderly and high-risk
adults” and is commonly detected in patients with
AECOPD.'® hMPV is a virus that is not commonly asso-
ciated with AECOPD.'® However, Hamelin et al reported
that hMPV is associated with COPD exacerbation.”* Our
results also support the role of hMPV in AECOPD.

Symptoms and inflammatory markers can be used to
predict viral infection. Nasopharyngeal symptoms (such as
nasal congestion, increased rhinorrhea, sore throat) and
fever are frequently present in patients with viral infection
leading to COPD exacerbation.'®!31%:202225 I our study,
patients with viral infection had a higher frequency of
nasopharyngeal symptoms than those without viral infec-
tion, indicating that nasopharyngeal symptoms might have
a predictive value for viral infection.

CRP is an acute-phase systemic inflammatory biomar-
ker that is associated with AECOPD.?® The relationship
between CRP level and viral infection remains unclear.
Some studies did not show an association between CRP
levels and viral infection.!'>!>2! However, Clark et al stu-
died the relationship between serum CRP level and the
rate of detection of virus and bacteria, and reported that
CRP level was associated with viral detection,lo which
was consistent with our results.

The interesting points of this present study were the
association of viral detection with use of ICS and eosino-
phil count. The GOLD guideline recommend the use of
ICS in combination with bronchodilators for patients with
a history of asthma, blood eosinophil count >300 cells/uL,
and severe or frequent AECOPD despite long-acting
bronchodilator therapy.”” However, the ICS use is asso-
ciated with an increased risk of pneumonia and pulmonary
tuberculosis infection.”® " Until now, the relationship
between the use of ICS and risk of viral infection remains
unclear. The “Toward a Revolution in COPD Health

(TORCH)” study showed that the ICS use increased the
risk of upper respiratory tract infection as well as
pneumonia.>’ Thomas et al reported that usage of gluco-
corticosteroids increases viral replication in the respiratory
tract in vitro and in vivo.’? In our data, the use of ICS
increased the risk of severe COPD exacerbation, suggest-
ing that ICS use is associated with viral infection. Further
prospective studies should be performed to evaluate the
association between ICS use and viral infection.

Previous studies reported that blood eosinophilia was

D*3* and is

associated with an increased risk of AECOP
a predictive biomarker of response to inhaled or systemic
corticosteroid.>> Until now, no clear relationship between
eosinophil count and respiratory viral infection has been
established. MacDonald et al reported that low eosinophil
Drake et al

showed the antiviral effects of eosinophils in vivo and

counts were associated with infection.>

in vitro, and their results suggested that eosinophils
enhance viral clearance and contribute to innate immune
responses.’’ However, there is no clear evidence of an
association between eosinophil count and viral infection
in a clinical study. Although our results showed that low
eosinophil count was associated with viral infection,
a prospective randomized controlled study will be required
to confirm this.

Poor prognosis of AECOPD includes readmission to
hospital and in-hospital mortality. Recent study reported
comorbidities (heart failure, renal failure, depression, and
alcohol use), previous exacerbation and hospitalization,
and longer duration of admission were associated with
risk factors for readmission.>® Although one study showed
frequency of AECOPD is related to the frequency of the
common cold,* the relationship between the viral infec-
tion and poor prognosis in AECOPD is unclear. Previous
studies showed that there was no difference in hospital
days, in hospital death, and readmission,“’”’40 which is
consistent with our result. Further evaluation about impact
of viral infection on poor prognosis of AECOPD will be
warranted.

Our First,
a retrospective and single-center study; thus, our data

study has some limitations. it was
were not representative of the Korean population.
Furthermore, we enrolled only patients who underwent
PCR test among severe AECOPD patients requiring hos-
pitalization, so there may be some selection bias. Second,
influenza virus infection is associated with vaccination, but
we did not evaluate the vaccination status because of our

retrospective study design. Third, bacterial infection is
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a potential confounding factor in this study because CRP
levels can be elevated in bacterial infection associated
AECOPD. However, since there was no difference in
bacterial infection rate between the virus positive exacer-
bation group and the virus negative exacerbation group,
we carefully speculate the effect of bacterial infection on
CRP level in our study could be insignificant. Finally,
because the PCR method cannot discriminate between
active and latent viral infections, viral detection did not
confirm whether AECOPD was due to an active viral
infection.

Conclusion

Viral infection was common among patients with severe
AECOPD. The commonly detected viruses were rhino-
virus and influenza. Our study showed the risk factors
associated with viral detection in patients with severe
AECOPD. To confirm these findings, further studies are
needed.

Abbreviations

AECOPD, acute exacerbations of chronic obstructive
pulmonary disease; CI, confidence interval; COPD,
chronic obstructive pulmonary disease; CRP, C-reactive
protein; FEV,, forced expiratory volume in one second,
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