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Background: Although respiratory tract infection is one of the most important factors triggering acute exacerbation of 
chronic obstructive pulmonary disease (AE-COPD), limited data are available to suggest an epidemiologic pattern of 
microbiology in South Korea.
Methods: A multicenter observational study was conducted between January 2015 and December 2018 across 
28 hospitals in South Korea. Adult patients with moderate-to-severe acute exacerbations of COPD were eligible to 
participate in the present study. The participants underwent all conventional tests to identify etiology of microbial 
pathogenesis. The primary outcome was the percentage of different microbiological pathogens causing AE-COPD. 
A comparative microbiological analysis of the patients with overlapping asthma–COPD (ACO) and pure COPD was 
performed.
Results: We included 1,186 patients with AE-COPD. Patients with pure COPD constituted 87.9% and those with ACO 
accounted for 12.1%. Nearly half of the patients used an inhaled corticosteroid-containing regimen and one-fifth used 
systemic corticosteroids. Respiratory pathogens were found in 55.3% of all such patients. Bacteria and viruses were 
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Introduction
Chronic obstructive pulmonary disease (COPD) is an im-

portant disease associated with inhalation of toxic chemicals, 
with increased risk of morbidity and mortality worldwide1-3. 
Acute exacerbation of COPD (AE-COPD) is associated with 
prolonged hospitalization and higher mortality rate4,5. Most 
cases of AE-COPD are triggered by respiratory tract infec-
tions, especially bacteria or viruses6,7. A prospective cohort 
study identified infectious etiologies in 88% of patients with 
AE-COPD8. Several studies have shown a significantly in-
creased bacterial burden during exacerbations using invasive 
procedures such as bronchoscopic sampling with protected 
specimen brushing9,10. During AE-COPD, the host immune 
system may not be able to eliminate microorganisms from 
the lower airways easily due to impaired phagocytic function 
of macrophages and neutrophils11. Therefore, an appropriate 
choice of antibiotic agent is required to reduce treatment fail-
ure or mortality12,13. As antibiotic agents are selected based on 
the local microbiologic spectrum, it is important to investigate 
the epidemiologic pattern of bacterial and viral pathogens in 
patients with AE-COPD.

Several studies have already performed etiological analysis 
of bacteria and viruses in patients with AE-COPD. Using con-
ventional sputum culture, bacterial pathogens were detected 
in approximately 30%–50% of patients with AE-COPD14,15. 
Other studies reported that viruses caused approximately 34% 
of AE-COPD events8,16. However, the epidemiological distri-
bution of respiratory pathogens varied in each study region. 
The clinical management of patients with AE-COPD in South 
Korea is limited by the lack of microbial epidemiologic data. 
Therefore, we conducted a nationwide study to identify the 
distribution patterns of respiratory pathogens in South Korean 
patients diagnosed with AE-COPD.

Materials and Methods
This study is in accordance with the guidance of strength-

ening the reporting of observational studies in epidemiology 

(STROBE) statement17. 

1. Study design, setting, and participants

The present multicenter observational study was based 
on the electronic medical records of patients diagnosed with 
AE-COPD at 28 hospitals in South Korea between January 
2015 and December 2018. The eligibility criteria for the pres-
ent study were as follows: (1) aged >40 years, (2) history of 
COPD diagnosed with compatible lung function test results 
(post-bronchodilator forced expiratory volume in 1 second 
[FEV1]/forced vital capacity <0.7) within the past 6 months), 
(3) diagnosis of moderate-to-severe AE-COPD, and (4) evalu-
ation with all conventional tests for pathogen identification to 
identify the causative agent in COPD exacerbations. The di-
agnosis of moderate-to-severe AE-COPD was determined by 
the attending physician based on the definition of the Global 
Initiative for Obstructive Lung Disease (GOLD) guidelines: an 
acute condition with worsening of respiratory symptoms such 
as cough, dyspnea, wheezing, and chest discomfort, which 
leads to treatment with antibiotics, systemic corticosteroids, or 
hospitalization18. We classified patients with asthma–COPD 
overlap (ACO) as a distinct phenotype of COPD and analyzed 
them separately19,20. ACO was defined as the coexistence of 
asthma and COPD in patients with chronic airway obstruc-
tion21. The diagnosis of asthma and COPD was based on the 
GOLD and the Global Initiative for Asthma report, respec-
tively.

2. Variables

All variables were ascertained from the electronic medical 
records of each hospital. Demographic data included patient’s 
age, sex, body mass index, disease duration, treatment dura-
tion, smoking history, pack-year, pneumococcal vaccination 
history, other respiratory disease history, and underlying co-
morbidities. Regarding history of other respiratory diseases, a 
history of tuberculosis, bronchiectasis, interstitial lung disease, 
chronic bronchitis, pneumonia, and sinusitis was found. We 
searched the medical records of patients with diabetes mel-

detected in 33% and 33.2%, respectively. Bacterial and viral coinfections were found in 10.9%. The most frequently 
detected bacteria were Pseudomonas aeruginosa (9.8%), and the most frequently detected virus was influenza A (10.4%). 
Multiple bacterial infections were more likely to appear in ACO than in pure COPD (8.3% vs. 3.6%, p=0.016).
Conclusion: Distinct microbiological patterns were identified in patients with moderate-to-severe AE-COPD in South 
Korea. These findings may improve evidence-based management of patients with AE-COPD and represent the basis for 
further studies investigating infectious pathogens in patients with COPD.
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litus, hypertension, liver cirrhosis, congestive heart failure, 
chronic kidney disease, cerebrovascular disease, and ad-
vanced cancer. 

Clinical data included serum eosinophilia, lung function pa-
rameters (FEV1, bronchodilator response, fractional exhaled 
nitric oxide [FeNO]), disease severity (COPD assessment 
test [CAT], modified Medical Research Council [mMRC], 
and annual exacerbation rate), GOLD group, and prescribed 
inhaled or oral medications. Eosinophilia was defined by an 
eosinophil count >5% in the blood test within 6 months before 
the event of acute exacerbation of COPD. Inhaled treatments 
included short-acting beta-agonists, long-acting beta-agonists 
(LABA), long-acting muscarinic antagonists (LAMA), inhaled 

corticosteroids (ICS), and their combinations. Oral medica-
tions included leukotriene receptor antagonists, systemic cor-
ticosteroids, and xanthine derivatives. 

Microbiological data were obtained from the results of all 
available bacterial and viral tests including sputum culture 
studies; sputum bacterial polymerase chain reaction (PCR) 
tests for Mycoplasma pneumoniae , Chlamydophila pneu-
moniae , Legionella pneumophila , and Bordetella pertussis ; 
serum antibody tests for M. pneumoniae and C. pneumoniae; 
sputum virus PCR tests; and nasal swab tests for influenza A 
and B virus antigens. We subdivided the included patients into 
six groups based on pathogen classification according to mi-
crobiological test results: (1) no pathogen detected; (2) single 

Table 1. Baseline demographic and clinical characteristics of patients with acute exacerbation of chronic respiratory 
disease

Total (n=1,186) ACO (n=144) COPD (n=1,042) p-value

Age, yr 73.78±9.22 74.85±8.91 73.63±9.26 0.137

Female sex 207 (17.5) 42 (29.2) 165 (15.8) <0.001

BMI 21.53±3.98 21.99±3.91 21.46±3.99 0.164

BMI >25 kg/m2 181 (17.7) 24 (19.0) 157 (17.5) 0.772

Disease duration, yr 7.60±6.60 9.28±6.94 7.36±6.52 0.001

Treatment duration, yr 6.98±6.48 8.18±6.29 6.82±6.49 0.019

Smoking history 0.675

   Never smoker 313 (27.1) 43 (29.9) 270 (26.7)

   Current smoker 156 (13.5) 20 (13.9) 136 (13.4)

   Ex-smoker 688 (59.5) 81 (56.2) 607 (59.9)

Pack-year 27.24±28.10 29.28±34.46 26.96±27.12 0.353

Pneumococcal vaccination history 261 (22.0) 27 (18.8) 234 (22.5) 0.366

Previous respiratory disease

   Tuberculosis 377 (31.8) 41 (28.5) 336 (32.2) 0.414

   Bronchiectasis 169 (14.2) 17 (11.8) 152 (14.6) 0.443

   Interstitial lung disease 27 (2.3) 1 (0.7) 26 (2.5) 0.289

   Chronic bronchitis 192 (16.2) 43 (29.9) 149 (14.3) <0.001

   Pneumonia 615 (51.9) 75 (52.1) 540 (51.8) >0.99

   Sinusitis 44 (3.7) 5 (3.5) 39 (3.7) >0.99

Comorbidities

   Diabetes mellitus 318 (26.8) 40 (27.8) 278 (26.7) 0.858

   Hypertension 584 (49.2) 78 (54.2) 506 (48.6) 0.241

   Liver cirrhosis 23 (1.9) 6 (4.2) 17 (1.6) 0.081

   Congestive heart failure 166 (14.0) 17 (11.8) 149 (14.3) 0.496

   Chronic kidney disease 76 (6.4) 8 (5.6) 68 (6.5) 0.792

   Cerebrovascular disease 70 (5.9) 3 (2.1) 67 (6.4) 0.059

   Advanced cancer 138 (11.6) 16 (11.1) 122 (11.7) 0.944

Values are presented as the mean±standard deviation or number (%).
ACO: asthma-COPD overlap; COPD: chronic obstructive pulmonary disease; BMI: body mass index.
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bacterial infection; (3) multiple bacterial infection; (4) single 
viral infection; (5) multiple viral infection; and (6) bacterial 
and viral coinfection. 

3. Study outcomes

The primary outcome was to identify different microbiologi-

Table 2. Clinical parameters and pharmacologic management of patients with COPD 

Total (n=1,186) ACO (n=144) COPD (n=1,042) p-value

Serum eosinophilia* 108 (9.1) 17 (11.8) 91 (8.7) 0.295

Lung function

   FEV1, L 1.19±0.54 1.18±0.53 1.20±0.54 0.804

   FEV1, % 49.46±21.08 50.29±18.62 49.32±21.46 0.631

   Bronchodilator response positivity 168 (14.4) 55 (38.5) 113 (11.0) <0.001

   Fractional exhaled nitric oxide 9.88±16.74 29.07±25.66 8.31±14.83 <0.001

Disease severity

   Baseline condition in COPD†

      COPD assessment test 22.52±9.81 23.21±5.65 22.28±10.88 0.597

      Modified medical research council 2.25±0.88 2.51±0.87 2.21±0.88 0.014

      Moderate exacerbation per year 0.59±1.27 1.01±1.22 0.53±1.26 <0.001

      Severe exacerbation per year 0.97±1.29 1.24±1.24 0.93±1.29 0.008

   GOLD group 

      A 63 (5.3) 4 (2.8) 59 (5.7) 0.212

      B 140 (11.8) 10 (6.9) 130 (12.5) 0.073

      C 40 (3.4) 6 (4.2) 34 (3.3) 0.751

      D 224 (18.9) 49 (34.0) 175 (16.8) <0.001

      Unknown 719 (60.6) 75 (52.1) 644 (61.8) 0.032

Inhaled treatment

   SABA 392 (33.1) 47 (32.6) 345 (33.2) 0.974

   LABA 41 (3.5) 10 (6.9) 31 (3.0) 0.028

   LAMA 172 (14.5) 26 (18.1) 146 (14.0) 0.244

   LAMA/LABA 193 (16.3) 12 (8.3) 181 (17.4) 0.008

   ICS-containing regimens 565 (47.6) 115 (79.9) 450 (43.2) <0.001

      ICS 36 (3.0) 17 (11.8) 19 (1.8) <0.001

      ICS/LABA 185 (15.6) 55 (38.2) 130 (12.5) <0.001

      ICS/LAMA/LABA 355 (29.9) 48 (33.3) 307 (29.5) 0.393

   No inhaler 264 (22.3) 9 (6.2) 255 (24.5) <0.001

Oral medication

   Leukotriene receptor antagonist 216 (18.2) 76 (52.8) 140 (13.5) <0.001

   Systemic corticosteroid 238 (20.1) 41 (28.5) 197 (18.9) 0.010

   Xanthine derivative 365 (30.9) 47 (32.6) 318 (30.6) 0.690

Values are presented as number (%) or mean±standard deviation unless otherwise indicated.
*Serum eosinophilia was defined as an eosinophil count >5% in the blood test within 6 months before the event of acute exacerbation of 
COPD. †Data involving COPD assessment test score or modified Medical Research Council score were available for 477 patients. Data related 
to exacerbation history were available for 1,008 patients.
COPD: chronic obstructive pulmonary disease; ACO: asthma-COPD overlap; FEV1: forced expiratory volume in one second; GOLD: Global 
Initiative for Obstructive Lung Disease; SABA: short-acting beta-agonist; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic an-
tagonist; ICS: inhaled corticosteroid.
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cal pathogens causing AE-COPD. Microbiologic pathogens 
were evaluated at the individual bacterial or viral species and 
pathogen class levels. 

4. Statistical methods

Descriptive analyses were used for baseline characteristics 
and clinical features of the participants. Categorical variables 
are summarized as percentages, while continuous variables 
are summarized as means and standard deviations. For com-
parative analyses, we used Pearson’s chi-square test or Fisher’s 
exact test for categorical variables and Student’s t-test for con-
tinuous variables. Statistical significance was set at p<0.05. All 
analyses were performed using R software: a language and 
environment for statistical computing, version 3.6.1 (R Core 
Team [2019], Vienna, Austria).

5. Ethics

The study protocol was approved by the Institutional Re-
view Board Committee of each hospital (Seoul National Uni-
versity Seoul Metropolitan Government (SNU-SMG) Bora-
mae Medical Center IRB No. 30-2019-109). All the patients 
in the current study provided written informed consent for 
participation. 

Results
We evaluated 1,186 patients with AE-COPD, including 1,042 

(87.9%) met the criteria for pure COPD and 144 (12.1%) met 
the criteria for ACO. 

1. Baseline characteristics

The mean age of the patients with AE-COPD was 74 years, 

and approximately 82.5% of them were male (Table 1). The 
mean duration of COPD was 7.6 years, and the mean dura-
tion for COPD treatment was 7.0 years. Among the patients, 
13.5% were currently smokers and 78.0% were not vaccinated 
for pneumococcus. We found that some patients had expe-
rienced infectious respiratory disease before the current AE-
COPD event: pneumonia (51.9%) and tuberculosis (31.8%). 
Bronchiectasis and interstitial lung disease were found in 
14.2% and 2.3% of patients, respectively. We found at least one 
comorbid disease in 68.1% of the patients. Patients diagnosed 
with ACO were mostly female, had a longer disease or treat-
ment duration, and a higher rate of chronic bronchitis com-
pared with patients without ACO.

2. Clinical features

The patients’ baseline clinical features before the AE-COPD 
event were evaluated (Table 2). Serum eosinophilia (>5%) 
within the past 6 months was detected in 9.1% of the patients. 
The mean value of FEV1 was 1.19 L (49.5%). The bronchodila-
tor response was identified in 14% of the patients. The mean 
FeNO level was 10 ppb. In the evaluation of COPD severity, 
the mean CAT score was 22.5 and the mean mMRC score 
was 2.25. The rates of moderate and severe exacerbation were 
0.59% and 0.97% per year, respectively. Among the total of pa-
tients, 467 (39.4%) with the information on symptom scores 
(CAT or mMRC) and a history of exacerbation were classified 
into GOLD groups. Based on GOLD group classification, ap-
proximately 80% had a history of exacerbation: 140 patients 
(30.0%) in group B and 224 patients (48.0%) in group D. 
Among patients without a history of exacerbation, 63 (13.5%) 
were classified into group A and 40 (8.6%) into group C. Pa-
tients diagnosed with ACO showed a higher positivity rate 
of bronchodilator response, a higher level of FeNO, a higher 
mMRC score, a higher rate of moderate and severe exacerba-
tion, and constituted a higher proportion of GOLD D.

Table 3. Classification of respiratory pathogens in patients with acute exacerbation of chronic obstructive pulmonary 
disease

Total (n=1,186) ACO (n=144) COPD (n=1,042) p-value

Bacterial class 

   No bacteria detected 805 (67.9) 91 (63.2) 714 (68.5) 0.235

   Single bacteria detected 343 (28.9) 43 (29.9) 300 (28.8) 0.867

   Multiple bacteria detected 38 (3.2) 10 (6.9) 28 (2.7) 0.014

Virus class 

   No virus detected 792 (66.8) 88 (61.1) 704 (67.6) 0.148

   Single virus detected 361 (30.4) 50 (34.7) 311 (29.8) 0.273

   Multiple virus detected 33 (2.8) 6 (4.2) 27 (2.6) 0.420

Values are presented as number (%).
ACO: asthma-COPD overlap; COPD: chronic obstructive pulmonary disease.
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Inhaled pharmacological treatment for stable COPD was 
prescribed for 77.7% of the included patients (Table 2). ICS-
containing regimens including ICS, ICS/LABA, and ICS/
LABA/LAMA were prescribed to 47.6% of patients. The most 
commonly used inhaler was ICS/LABA/LAMA (29.9%). 
LAMA/LABA and LAMA were used in 16.3% and 14.5% of 
patients, respectively. Systemic corticosteroids were used in 
20.1% of patients before the AE-COPD event. More patients 
with ACO were treated with inhaled therapy compared with 
those manifesting pure COPD. ICS-containing regimens and 
LABA and oral medications such as systemic corticosteroids 
and leukotriene receptor antagonists were more likely pre-
scribed for patients diagnosed with ACO. Patients with pure 
COPD were more likely to undergo LAMA/LABA.

3. Microbiologic analysis

Microbiological evaluation revealed the presence of respira-
tory pathogens in 55.1% of the patients diagnosed with AE-
COPD (Table 3). Bacteria were found in 33%, including single 
bacteria detected in 28.8% and multiple bacteria in 4.2%. 
Viruses were found in 33.2% of cases, including a single virus 
detected in 30.4% and multiple viruses in 2.8%. Among them, 
bacterial and viral coinfections were found in 10.3% (Figure 1). 

Bacteriologic and virologic analyses revealed 15 species 
of bacteria and 10 species of viruses (Table 4). The most fre-
quently detected bacteria were Pseudomonas aeruginosa 

(9.8%), followed by Mycoplasma pneumoniae (6.2%), Strep-
tococcus pneumoniae (5.0%), and Klebsiella pneumoniae 
(4.3%). Influenza A (10.4%) was the most frequently detected 
virus, followed by rhinovirus (8.7%), respiratory syncytial virus 
(RSV; 3.5%), and influenza B (3.3%).

Discussion
The present study identified the distribution and pattern of 

respiratory pathogens in Korean patients diagnosed with AE-
COPD. The majority of the included patients were classified 
into group D. Nearly half of the patients used ICS-containing 
regimens, while 20% used systemic corticosteroids, which 
may increase the risk of respiratory infection. Among the total 
of included patients with AE-COPD, 55.3% were attributed to 
infectious pathogens. The most frequently detected bacterium 
was P. aeruginosa , while the most frequently detected virus 
was influenza A, which is consistent with previous reports8,22. 
A higher rate of multiple bacterial infections was found in 
patients with ACO who were more exposed to inhaled or sys-
temic corticosteroids, experienced prolonged morbidity and 
had more chronic bronchitis. There was no significant differ-
ence in the detected bacterial or viral species between ACO 
and pure COPD patients, except for S. pneumoniae. 

Acquisition of newly introduced bacteria is considered one 
of the major pathogeneses of AE-COPD. Previous studies 
reported bacterial involvement in AE-COPD, and the most 
frequently reported bacterial species were Haemophilus in-
fluenzae, S. pneumoniae, and Moraxella catarrhalis 7. Similar 
results were also reported in an Eastern study8. However, our 
study showed that H. influenzae and M. catarrhalis are not 
frequently cultured. P. aeruginosa  is the major respiratory 
pathogen detected during AE-COPD. The preponderance of 
P. aeruginosa is presumed to be due to the relatively higher 
proportion of patients with advanced COPD, use of systemic 
corticosteroids, and previous hospitalization23,24. Similarly, a 
tertiary hospital in South Korea reported that P. aeruginosa is 
a major respiratory pathogen in AE-COPD25. In addition, the 
epidemiology of infection in South Korea is characterized by 
gram-negative bacteria, including P. aeruginosa , which has 
been reported relatively high in patients with community-
acquired pneumonia26. Based on domestic bacterial patterns, 
P. aeruginosa  is considered a prevalent causative pathogen 
when managing moderate-to-severe AE-COPD in South Ko-
rea.

Interestingly, multiple bacterial colonies were more identi-
fied in ACO patients. In general, fewer bacterial exacerbations 
have been reported in asthma compared with COPD27. There-
fore, less bacterial detection may be expected during acute 
exacerbation in ACO than in COPD. However, ACO needs 
to be understood as one of different phenotypes of COPD20. 
Patients with ACO can be classified as a subgroup of COPD 
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patients who benefits from ICS use. Indeed, exposure to ICS 
leads to increased airway bacterial burden and pneumonia 
risk in COPD, although ICS use is paradoxically associated 
with a lower risk of AE-COPD28-30. In addition, patients with 
ACO included in our study had a longer duration of COPD 
and more chronic bronchitis, both of which were associated 
with airway bacterial positivity. A longer exposure to or a high-
er severity of airway inflammation is correlated with a higher 
bacterial colonization31,32. 

Respiratory viruses are important infectious pathogens that 
trigger AE-COPD. AE-COPD caused by respiratory viruses 
was more severe and associated with prolonged recovery33,34. 
In our study, the prevalence of respiratory viruses was 33.2% 
in patients with AE-COPD. In our study, the most commonly 
detected virus was influenza A. Although several studies have 
reported that rhinovirus is the most frequently detected virus 
during AE-COPD, it is known that the influenza virus is more 
common in severe AE-COPD7,35. Rhinovirus was the second 

Table 4. Analysis of bacterial and viral species in patients with acute exacerbation of chronic obstructive pulmonary 
disease

Total (n=1,186) ACO (n=144) COPD (n=1,042) p-value

Bacteria

   Mycoplasma pneumoniae* 73 (6.2) 9 (6.3) 64 (6.1) 0.703

   Chlamydophila pneumoniae* 18 (1.5) 2 (1.4) 16 (1.5) 0.970

   Legionella pneumophila PCR 5 (0.4) 0 5 (0.5) 0.815

   Bordetella pertussis PCR 2 (0.2) 0 2 (0.2) >0.99

   Haemophilus influenzae culture 22 (1.9) 2 (1.4) 20 (1.9) 0.910

   Streptococcus pneumoniae culture 59 (5.0) 14 (9.7) 45 (4.3) 0.010

   Moraxella catarrhalis culture 10 (0.8) 2 (1.4) 8 (0.8) 0.782

   Pseudomonas aeruginosa culture 116 (9.8) 13 (9.0) 103 (9.9) 0.860

   Klebsiella pneumoniae culture 51 (4.3) 5 (3.5) 46 (4.4) 0.761

   Escherichia coli culture 28 (2.4) 7 (4.9) 21 (2.0) 0.070

   MSSA culture 5 (0.4) 1 (0.7) 4 (0.4) >0.99

   MRSA culture 27 (2.3) 7 (4.9) 20 (1.9) 0.055

   Haemophilus parainfluenzae culture 0 0 0 -

   Stenotrophomonas maltophilia culture 4 (0.3) 1 (0.7) 3 (0.3) 0.983

   Group B beta hemolytic Streptococcus culture 1 (0.1) 0 1 (0.1) >0.99

   Group A beta hemolytic Streptococcus culture 2 (0.2) 0 2 (0.2) >0.99

Virus

   Rhinovirus PCR 103 (8.7) 14 (9.7) 89 (8.5) 0.821

   Adenovirus PCR 13 (1.1) 1 (0.7) 12 (1.2) 0.923

   Influenza A† 124 (10.5) 21 (14.6) 103 (9.9) 0.577

   Influenza B† 39 (3.3) 2 (1.4) 37 (3.6) 0.132

   RSV PCR 42 (3.5) 7 (4.9) 35 (3.4) 0.501

   Parainfluenza PCR 38 (3.2) 8 (5.6) 30 (2.9) 0.163

   Coronavirus PCR 38 (3.2) 2 (1.4) 36 (3.5) 0.265

   Metapneumovirus PCR 36 (3) 6 (4.2) 30 (2.9) 0.570

   Enterovirus PCR 3 (0.3) 1 (0.7) 2 (0.2) 0.560

   Bocavirus PCR 3 (0.3) 0 3 (0.3) >0.99

Values are presented as number (%).
*Bacteria were detected in respiratory specimens via polymerase chain reaction or in serum via immunoglobulin M measurement. †Virus was 
detected in respiratory specimen using immunofluorescence assay or polymerase chain reaction.
ACO: asthma-COPD overlap; COPD: chronic obstructive pulmonary disease; PCR: polymerase chain reaction; MSSA: methicillin-sensitive 
Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; RSV: respiratory syncytial virus.
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most commonly detected virus in our study. RSV represents 
an important pathogen in AE-COPD, and accounted for 11.4% 
of hospitalizations for COPD36. RSV was the third most com-
monly detected virus in our study. Further studies are needed 
to evaluate the mechanism underlying aggravation of airway 
inflammation by respiratory viruses leading to AE-COPD. 

This study has several limitations. First, our observational 
study was conducted cross-sectionally without evaluating 
the treatment for AE-COPD and clinical outcomes according 
to microbiologic patterns. However, it is speculated that our 
patients received standard treatment for AE-COPD by pul-
monologists in university hospitals. Second, considering the 
high symptom scores and frequent exacerbation histories in 
our study patients, the proportion of patients without inhaled 
therapy or pneumococcal vaccination was relatively high. Ad-
ditional studies are needed to investigate adherence to current 
guidelines for management of stable COPD. Third, compared 
with the general COPD population, the study population ap-
peared to use systemic corticosteroids more frequently before 
an AE-COPD event. Information on the reason for systemic 
corticosteroid use in patients with COPD was not available.

In conclusion, distinct microbiological patterns were identi-
fied in patients with moderate-to-severe AE-COPD at 28 med-
ical centers in South Korea. More than half of AE-COPDs were 
caused by infectious pathogens with similar rates of bacterial 
and viral detection. The most frequently detected bacteria and 
viruses were P. aeruginosa and Influenza A. Multiple bacterial 
colonization was more frequently found in ACO compared 
with pure COPD.
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