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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an obstruc-
tive lung disease caused by smoking and air pollution.1,2 COPD 
patients often experience sudden aggravation of respiratory 
symptoms called acute exacerbation of COPD (AECOPD), and 
require additional treatment. AECOPD leads to deterioration 
in quality of life and substantial morbidity and mortality.3-5 A 
major cause of AECOPD is bacterial or viral infection.6-8 Bac-
terial and viral infections have regional variability, and epide-
miological characteristics should be considered during treat-
ment. However, most previous analyses of bacterial and viral 
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identification rates in AECOPD have been conducted in West-
ern countries;9-12 studies in Asia are scarce and unclear. The 
purpose of this study was to retrospectively analyze bacterial 
and viral identification rates in AECOPD in Korea based on 
epidemiological factors.

MATERIALS AND METHODS

Data recruitment
We reviewed and analyzed medical records of 736 cases of se-
vere AECOPD at Korea University Guro Hospital from January 
2011 to May 2017. We searched the electronic medical records 
database using the keywords “chronic obstructive pulmonary 
disease” and “acute exacerbation.” This study was approved 
by the Institutional Review Board of Korea University Guro Hos-
pital (approved number: KUGH16131-002).

COPD was diagnosed based on the guidelines of the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD). AE-
COPD was defined as “an acute event characterized by a wors-
ening of the patient’s respiratory symptoms that is beyond 
normal day-to-day variation and leads to a change in medica-
tion.”13,14 All patients had a previous pulmonary function test, 
and a ratio of forced expiratory volume in one second (FEV1) 
to forced vital capacity (FVC) of <70%. All patients were >40 
years old.

Patients were excluded if 1) the cause of admission was 
something other than AECOPD, such as heart failure, arrhyth-
mia, acute pulmonary edema, acute pulmonary embolism, or 
pneumothorax; 2) they had a comorbidity that can affect im-
munity, such as cancer or autoimmune disease; 3) no labora-
tory or culture test was conducted within 24 hr of hospitaliza-
tion; or 4) they exhibited mild to moderate exacerbation of 
COPD.

Laboratory tests
All cultures, antigen detection assays, and polymerase chain 
reaction (PCR) assays of blood, sputum, urine, or naso- or oro-
pharyngeal swab samples were obtained by a physician with-
in 24 hr of admission.

Bacterial cultures were performed on blood and sputum 
samples using standard techniques. Urinary antigen testing was 
performed to detect Streptococcus pneumoniae. Real-time PCR 
(RT-PCR) assays were performed using naso- or oro-pharyn-
geal swab samples to detect the following respiratory viruses: 
influenza virus, respiratory syncytial virus, parainfluenza vi-
rus, coronavirus, rhinovirus, enterovirus, adenovirus, bocavi-
rus, and metapneumovirus. A rapid antigen test was used to 
test to detect influenza. 

Pathogen identification
A bacterial pathogen was determined to be present if 1) gram-
positive or gram-negative bacteria were detected in a blood or 

sputum sample or if 2) Streptococcus pneumoniae was detect-
ed in urine by an antigen detection assay. 

A viral pathogen was determined to be present if 1) one of 
the viruses listed above was detected in a naso- or oro-pharyn-
geal swab by an RT-PCR assay or if 2) influenza virus was de-
tected by a rapid antigen test.

Statistical analysis
Data were analyzed using SPSS 20 software (IBM Corp., Ar-
monk, NY, USA). Data were presented as mean±standard de-
viation or number and percent of each group. When events 
were classified by GOLD stage or month, we used a one-way 
analysis of variance. When events were classified by in-hospi-
tal mortality, chi-square test or Fisher’s test was used for dis-
crete data, and an independent t-test or Mann-Whitney test 

Table 1. Characteristics of Patients with AECOPD Events

No. of exacerbations events/patients 736/487
Age (yr)* 72.2±9.3
Gender, no. of exacerbations events 

Male†	 518 (70.4)
Female† 218 (29.6)

Smoking history, no. of exacerbations events
Current-smoker† 108 (14.7)
Ex-smoker† 434 (59.0)
Non-smoker† 194 (26.4)
Pack-year history* 42.7±23.7

Severity of COPD, no. of exacerbations events
GOLD I† 57 (7.7)
GOLD II† 281 (38.2)
GOLD III† 307 (41.7)
GOLD IV† 91 (12.4)

Comorbidities, no. of exacerbations events
Hypertension† 376 (51.1)
Diabetes† 172 (23.4)
Coronary artery disease† 119 (16.2)
Cerebrovascular accident† 34 (4.6)

Length of hospital stay (days)* 10.4±9.6
Mortality in hospital† 32 (4.3)
Pneumococcal vaccination† 215 (29.2)
Prior exacerbation history

Exacerbation events in previous 1 month† 52 (7.1)
Exacerbation events in previous 12 months† 263 (35.7)

Baseline spirometry after bronchodilation
FEV1 (liters)* 1.2±0.5
FEV1 (% of predicted value)* 50.2±19.2
Ratio of FEV1 to FVC (%)* 48.5±12.3

AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, 
chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; FEV1, forced expiratory volume in one second; FVC, 
forced vital capacity. 
*Data are presented as a mean±standard deviation, †Data are presented as a 
n (%).
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was used for continuous data. All p-values <0.050 were con-
sidered statistically significant.

RESULTS

Study population
The number of patients involved in the 736 events was 487, 
and the number of patients who were hospitalized more than 
twice during the study period was 117. The mean patient age 
was 72.2±9.3 years, and the mean length of hospital stay was 
10.4±9.6 days. There were 518 (70.4%) events in males and 218 
(29.6%) in females. Most (434, 59.0%) of the events occurred 
in ex-smokers; there were 108 (14.7%) events in current smok-
ers and 194 (26.4%) in non-smokers (Table 1).

Pathogen identification
Pathogens were identified in 466 (63.3%) events among 736 
events. The numbers of patients with only bacterial identifica-
tion, only viral identification, bacterial-viral co-identification, 
and no identification were 200 (27.2%), 159 (21.6%), 107 (14.5%), 
and 270 (36.7%), respectively. Among these, 113 (15.4%) events 
were identified as single pathogen, and 353 (48.0%) events 
were identified as multiple pathogens.

The most common bacterial pathogens were Pseudomonas 
aeruginosa (13.0%), Streptococcus pneumoniae (11.4%), and 
Haemophilus influenzae (5.3%), Staphylococcus aureus (4.8%), 
and Klebsiella pneumoniae (2.7%) (Fig. 1). The most common 
viral pathogens were influenza virus (12.4%), rhinovirus (9.4%), 
parainfluenza virus (5.2%), and metapneumovirus (4.9%).

Analysis according to GOLD stage
Of 736 AECOPD events, 91 (12.4%) were very severe COPD 

(stage IV, FEV1<30% of the predicted value), 307 (41.7%) were 
severe COPD (Stage III, 30%≤FEV1<50% of the predicted val-
ue), 281 (38.2%) were moderate COPD (Stage II, 50%≤FEV1< 
80% of the predicted value), and 57 (7.7%) were mild COPD 
(Stage I, 80%≤FEV1 of the predicted value).

The more advanced the COPD stage, the higher the bacterial 
identification rate tended to be (p=0.020), with P. aeruginosa 
and S. pneumoniae showing the strongest association (p= 
0.011 and p=0.048, respectively). In contrast, the viral identifi-
cation rate tended to be lower at more advanced COPD stages 
(p=0.031). Some bacteria and viruses showed no association 
between identification rate and GOLD stage (Table 2). 

Analysis according to in-hospital mortality
Of the 736 AECOPD events, 32 (4.3%) resulted in patient death 
in the hospital. Of these 32 cases, 15 (46.9%) showed only bac-
terial pathogen identification, a higher rate than for non-mor-
tality events (p=0.010). In contrast, only one of the 32 cases 
(3.1%) was identified as viral pathogen, significantly lower 
than in non-mortality events (p=0.009). S. aureus and K. pneu-
moniae were identified more in the mortality event group 
(p=0.003 for S. aureus, p=0.009 for K. pneumoniae). The P. ae-
ruginosa identification rate was 25.0% in mortality event and 
12.5% in non-mortality event groups, although this difference 
was not statistically significant (p=0.056). Other bacteria and vi-
ruses also did not show any significant difference in identifica-
tion rates between mortality and non-mortality events (Table 3).

Analysis according to seasonal variation (monthly 
analysis)
All three bacteria showed no seasonal differences in identifi-
cation rates (all p-values >0.050), while all viruses did show sea-
sonal differences (all p-values <0.050). Influenza virus and rhi-

Fig. 1. Pathogen identification rate.
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novirus were mainly identified in the winter, parainfluenza virus 
in the summer, and metapneumovirus in the spring (Fig. 2).

Analysis according to bacterial-viral co-identification 
Of the 307 events involving bacterial infection, bacterial-viral 
co-identification was observed in 107 (34.9%). Of the 266 events 
involving viral infection, bacterial-viral co-identification was 
observed in 107 (40.2%). Of the bacteria, P. aeruginosa had the 
highest co-identification rate (58.3%); of the viruses, rhinovi-
rus had the highest co-identification rate (49.3%) (Fig. 3).

DISCUSSION

This was a large, retrospective, population-based, single cen-
ter study of bacterial and viral pathogens associated with AE-

COPD in the Republic of Korea, including epidemiological fac-
tors. Bacterial and viral infections are the most common causes 
of AECOPD.7 The bacterial identification rate in AECOPD events 
has previously been reported to be 40–60% and the viral iden-
tification rate 20–40%.9,12,15,16 Our study showed similar results, 
with a 41.7% bacterial identification rate and 36.1% viral iden-
tification rate.

The most commonly identified bacteria in previous studies 
of AECOPD have been H. influenzae, Moraxella catarrhalis, 
and S. pneumoniae.15 However, in our study, M. catarrhalis was 
identified in only 8 (1.1%) of 736 AECOPD events. Along with 
H. influenzae and S. pneumoniae, in our study, P. aeruginosa 
was identified as a major AECOPD pathogen. Previous stud-
ies have found that P. aeruginosa identification rates increase 
with GOLD stage and that higher S. pneumoniae identification 
rates are associated with comorbidity.17 Our results agree with 

Table 2. Bacterial and Viral Pathogen Identification according to GOLD Stage

All events
(n=736)

GOLD I
(n=57)

GOLD II
(n=281)

GOLD III
(n=307)

GOLD IV
(n=91)

p value

Only bacterial identification 200 (27.2) 11 (19.3) 68 (24.2) 91 (29.6) 30 (33.0) 0.020
Only viral identification 159 (21.6) 16 (28.1) 68 (24.2) 60 (19.5) 15 (16.5) 0.031
Bacterial-viral co-identification 107 (14.5) 4 (7.0) 37 (13.2) 53 (17.3) 13 (14.3) 0.112
No identification 270 (36.7) 26 (45.6) 108 (38.4) 103 (33.6) 33 (36.3) 0.141
Pseudomonas aeruginosa 96 (13.0) 4 (7.0) 29 (10.3) 47 (15.3) 16 (17.6) 0.011
Streptococcus pneumoniae 84 (11.4) 3 (5.3) 29 (10.3) 38 (12.4) 14 (15.4) 0.048
Haemophilus influenzae 39 (5.3) 5 (8.8) 15 (5.3) 17 (5.5) 2 (2.2) 0.158
Staphylococcus aureus 35 (4.8) 1 (1.8) 16 (5.7) 10 (3.3) 8 (8.8) 0.333
Klebsiella pneumoniae 20 (2.7) 1 (1.8) 10 (3.6) 8 (2.6) 1 (1.1) 0.509
Influenza virus 91 (12.4) 8 (14.0) 42 (14.9) 32 (10.4) 9 (9.9) 0.112
Rhinovirus 69 (9.4) 5 (8.8) 21 (7.5) 35 (11.4) 8 (8.8) 0.387
Parainfluenza virus 38 (5.2) 2 (3.5) 13 (4.6) 15 (4.9) 8 (8.8) 0.165
Metapneumovirus 36 (4.9) 3 (5.3) 14 (5.0) 15 (4.9) 4 (4.4) 0.832
GOLD, Global Initiative for Chronic Obstructive Lung Disease.
Data are presented as n (%).

Table 3. Bacterial and Viral Pathogen Identification according to In-hospital Mortality

All events
(n = 736)

Mortality events 
in hospital (n=32)

Non-mortality events  
in hospital (n=704)

p value

Only bacterial identification 200 (27.2) 15 (46.9) 185 (26.3) 0.010
Only viral identification 159 (21.6) 1 (3.1) 158 (22.4) 0.009
Bacterial-viral co-identification 107 (14.5) 8 (25.0) 99 (14.1) 0.118
No identification 270 (36.7) 8 (25.0) 262 (37.2) 0.161
Pseudomonas aeruginosa 96 (13.0) 8 (25.0) 88 (12.5) 0.056
Streptococcus pneumoniae 84 (11.4) 2 (6.3) 82 (11.6) 0.567
Haemophilus influenzae 39 (5.3) 2 (6.3) 37 (5.3) 0.684
Staphylococcus aureus 35 (4.8) 6 (18.8) 29 (4.12) 0.003
Klebsiella pneumoniae 20 (2.7) 4 (12.5) 16 (2.27) 0.009
Influenza virus 91 (12.4) 3 (9.4) 88 (12.5) 0.787
Rhinovirus 69 (9.4) 4 (12.5) 65 (9.2) 0.530
Parainfluenza virus 38 (5.2) 1 (3.1) 37 (5.3) 1.000
Metapneumovirus 36 (4.9) 0 (0.0) 36 (5.1) 0.396
Data are presented as n (%).
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Influenza virus                    Rhinovirus                    Parainfluenza virus                    Metapneumovirus

these previous studies: we found that P. aeruginosa identifica-
tion increased as the GOLD stage increased. The correlation be-
tween S. pneumoniae identification rate and GOLD stage seems 
to be due to high comorbidity at more advanced GOLD stag-
es. The low identification rate of M. catarrhalis may be due to 
regional differences. For other reasons, M. catarrhalis may not 
be cultured better than other bacteria, so the identification 
rate may be low.

New molecular diagnostic methods, such as nucleic acid am-
plification tests, antigen detection assays, and PCR assays, 
have revealed the importance of viral infection as a cause of 
AECOPD. Meanwhile, virus has also been identified as a ma-
jor cause of exacerbation in AECOPD patients with low C-re-
active protein levels.18 Respiratory viral infections affect epi-
thelial cells in the airway and lead to microvascular dilatation, 
edema, inflammatory cell infiltration, and reduction of muco-
ciliary clearance.19 In previous studies of AECOPD, rhinovirus 
was the most commonly identified virus.9,20 In our study, influ-

enza and parainfluenza viruses along with rhinovirus had the 
highest identification rates. The high influenza identification 
rates in our study are likely due to influenza epidemics in Ko-
rea in 2014 and 2015; 51 of the 91 events with influenza virus 
identification occurred during this time. These results suggest 
that rhinovirus is the virus most commonly identified with 
AECOPD unless there is another virus outbreak. 

As mentioned above, P. aeruginosa is frequently identified in 
severe and very severe COPD patients. This is thought to be 
related to bronchiectasis. A high prevalence of bronchiectasis 
was found in patients with moderate to severe COPD.21 Chest 
computed tomography was performed in 526 of the 736 events, 
and bronchiectasis was diagnosed in 222 events. The preva-
lences of bronchiectasis were 10.3% for GOLD stage I, 36.9% for 
stage II, 49.0% for stage III, and 54.1% for stage IV. When choos-
ing antibiotics for use in patients with severe or very severe 
AECOPD, antibiotics with antimicrobial activity against P. aeru-
ginosa should be considered.
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The prevalence of respiratory viruses is closely related to tem-
perature and humidity.22,23 Korea has four distinct seasons, 
and worldwide, viral identification in AECOPD has shown 
seasonal variation. In our study, influenza virus and rhinovirus 
were detected in the winter, metapneumovirus in the spring 
and parainfluenza virus in the summer. Our results are con-
sistent with a previous study conducted in Istanbul, in which 
metapneumovirus was prominent in the spring and parain-
fluenza virus was predominant in the summer.24 Knowledge 
of seasonal virus prevalence will help in prevention and treat-
ment of respiratory viral infections in AECOPD.

The rate of mortality due to AECOPD was higher when bac-
teria were identified. Age, comorbidity, and home oxygen use 
were higher in the mortality group than in the non-mortality 
group. Therefore, these factors (the type of infection and the 
basal condition of the patient) should be taken into consider-
ation when predicting prognosis and mortality.

When there is co-identification of bacterial and viral infec-
tion, it is not known which infection occurs first. Recent stud-
ies have shown that respiratory viral infections cause dysregu-
lation of iron homeostasis mechanisms associated with secondary 
bacterial infections.25 In addition, respiratory syncytial virus 
promotes development of P. aeruginosa biofilms in vitro and 
in vivo. On the other hand, bacterial infections in the airway can 
promote respiratory viral infection.26 When the lungs are in-
fected with P. aeruginosa, the tight junction between epitheli-
um is damaged resulting in release of lactate dehydrogenase, 
destroying the lung barrier.27,28 Of the bacteria in our study, P. 
aeruginosa was most commonly co-identified with a virus. 
Further studies on the interactions between P. aeruginosa and 
viruses are needed.

Our study has some limitations. First, it is a retrospective, sin-

gle center study. Therefore, many events were excluded through 
lack of data and exclusion criteria. For example, we evaluated 
pneumococcal vaccination, but did not find influenza vacci-
nation coverage for all patients. Thus, we could not analyze the 
effect of influenza vaccination at the time of the influenza epi-
demic. Also, chest computed tomography was performed only 
in some cases, so it was not applicable to all events. Second, 
colonization could not be distinguished in the analysis of de-
tection; in particular, it would have been advantageous if there 
had been previous or follow-up data from sputum culture. 
Third, influenza rapid antigen test was performed only in 247 
(33.6%) events. Additionally, it was mainly performed only in 
the epidemic season. We think this would have affected the 
analysis of seasonal variation. Fourth, the phenotype of COPD 
might have a major impact on pathogen identification. How-
ever, through retrospective data, it was difficult to accurately 
identify COPD phenotype. Thus, we could not analyze ac-
cording to COPD phenotype. However, this study has merits: 
it is a large study that evaluates bacterial and viral identifica-
tion rates associated with AECOPD in South Korea, and it pro-
vides information to help understand the epidemiology of 
AECOPD.

In conclusion, bacterial and viral infections are a major 
cause of AECOPD. The prevalence of identified pathogens has 
regional variability. In our study, the most commonly identi-
fied bacterium associated with AECOPD was P. aeruginosa, 
and the most commonly identified virus was influenza. M. ca-
tarrhalis showed a low identification rate, which is characteris-
tic of Korea. Viruses were shown to be prevalent in certain sea-
sons in Korea. Understanding the epidemiology of infections 
in AECOPD will help in selecting antibiotics and treatment.

Fig. 3. Bacterial-viral co-identification rate.
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