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Leading causes of global deaths
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Global Burden of Disease Study 2019
• 212.3 million prevalent cases 
• 3.3 million deaths



2023년 사망원인통계 결과

COPD?



Definition of COPD exacerbations

COPD 진료지침 2024 
Am J Respir Crit Care Med. 2021 Dec 1;204(11):1251-1258.

COPD 진료지침 2024

• COPD 환자의 기본적인 호흡기증상이 매일-매일의 변동범위를 넘어서 치료약제의 추가가 필요할 정도로 급격히 악화된 상태

• 분류

• 경증 악화: 속효성 기관지확장제 치료만 필요한 경우 

• 중등증 악화: 속효성 기관지확장제와 항생제 또는 경구스테로이드 치료가 필요한 경우 

• 중증 악화: 응급실 방문이나 입원이 필요한 악화이며 급성 호흡부전을 동반할 수 있다. 

The Rome Proposal 2021

• In a patient with COPD, an exacerbation is an event characterized by dyspnea and/or cough and sputum that worsen over ≤14 days, which 
may be accompanied by tachypnea and/or tachycardia and is often associated with increased local and systemic inflammation caused by 
airway infection, pollution, or other insult to the airways



Definition of COPD exacerbations

Am J Respir Crit Care Med. 2021 Dec 1;204(11):1251-1258.



Infectious causes of AECOPD 

Int J Chron Obstruct Pulmon Dis. 2008;3(1):31-44. 
Yonsei Med J 2019 Feb;60(2):216-222

• Most exacerbations of COPD are caused by viral or bacterial infection.

736 cases of severe AECOPD at the Korea University Guro Hospital (n=487)
2011 ~ 2017



Bacteria as a cause of exacerbations 

N Engl J Med. 2008 Nov 27;359(22):2355-65. 



Acquisition of new strains of bacteria

• COPD (n=81), 1975 OPD visits, 374 exacerbations (56 months~) 

• Molecular typing of sputum isolates: H. influenzae, M. catarrhalis, S. pneumoniae, P. aeruginosa

N Engl J Med 2002;347:465-71.

Timelines and molecular typing

Number: clinic visit
Arrow: exacerbation



Acquisition of new strains of bacteria

• Pathogenic bacteria: 601 of the 1827 visits (32.9%)

• RR of AECOPD with pathogens: 1.44 

• Isolation of a new strain of a pathogen: significant 
increase in the frequency of exacerbation

N Engl J Med 2002;347:465-71.

• New strains: 81 of 270 visits (33.0 %) 

• RR of AECOPD with new bacterial strain: 2.15

• Isolation of a new strain of a pathogen: significant increase in the frequency of exacerbation



Inflammatory mechanisms in COPD

J Allergy Clin Immunol. 2016 Jul;138(1):16-27. 

Inflammatory cells
• Innate immunity: neutrophils, macrophages, eosinophils, mast cells, natural killer cells, innate lymphoid cells, dendritic cells
• Adaptive immunity: T and B lymphocytes
• Structural cells: airway and alveolar epithelial cells, endothelial cells, fibroblasts

Central role of alveolar macrophages in patients with COPD



Host lung defense

Innate immunity cells

Secreted products



Defective macrophage phagocytosis of bacteria

• Alveolar macrophages: isolated from BALF 

• Phagocytosis: assessed by fluorimetry and flow cytometry

• Receptor expression: measured by flow cytometry

Eur Respir J 2010; 35: 1039–1047 

Monocyte-derived macrophages from COPD patients showed reduced phagocytic responses to S. 
pneumoniae and H. influenzae compared with nonsmokers and smokers.

• In COPD, macrophage innate responses are suppressed, potentially leading to bacterial colonisation and more frequent exacerbations.



Impaired innate alveolar macrophage response

• Exacerbation-prone (n=29) vs non-exacerbation-prone (n=59)

• RML BAL to obtain alveolar macrophage (AM)

• AM:  incubated with respiratory pathogens

• Elicited IL-8 and TNF-α: measured by microsphere flow cytometry

Thorax. 2014 Sep;69(9):811-8. 

Bacterial induction of human alveolar 
macrophage IL-8 and COPD exacerbations

H. influenzae

M. catarrhalis

S. pneumoniae 

TLR2 and TLR4 ligand induction of 
human alveolar macrophage IL-8

TLR4

TLR2

• Impaired innate responses of COPD AMs to respiratory pathogens
→mediated by impaired TLR responses
→ exacerbations in COPD

Diminished TLR2 expression in exacerbation-prone donors



Vicious circle

N Engl J Med 2002;347:465-71.

• Bacterial colonization

→ increased bacterial load (chronically colonized) in stable COPD

→ greater airway inflammation and increased risk of exacerbation



Microbiome changes during AECOPD

• AERIS study: 101 patients with COPD, 584 sputum samples, over 1 year 

• lung microbiome at both stable and exacerbation time points

Thorax. 2018 May;73(5):422-430. 

Disease severity↑
• Shannon diversity↓
• Haemophilus (Proteobacteria) ↑
• Prevotella (Bacteroidetes) and Veillonella (Firmicutes) ↓

At exacerbation
• Moraxella (Proteobacteria) ↑



Host response to bacteria and susceptibility

• Exacerbation strains vs. colonization strains of H. influenzae isolated from patients 

• Bacterial strains were compared using an in vivo mouse model of airway infection

• In a mouse model, H influenzae strains associated with AECOPD induced greater airway neutrophil recruitment compared with 
colonization associated strains.

Am J Respir Crit Care Med. 2005 Jul 1;172(1):85-91.

Increased induction of airway inflammation Increased adherence to epithelial cells Increased induction of IL-8 



Seasonality of AECOPD

• Data from the prospective, 3-yr TORCH study (n=6,112)

• Northern, southern regions and the tropics

• 2-fold increase of exacerbations in the winter months in the northern and southern regions 

• No seasonal pattern in the tropics

Eur Respir J. 2012 Jan;39(1):38-45.

Contributing factors
• increased exposure to viral infections
• increased host susceptibility
• greater time spent indoors 
• reduced physical activity 
• temperature-related reduction in lung function



Common cold and AECOPD

• COPD (n=150), 1005 colds, 1493 exacerbations

• Diary cards: PEF, respiratory and coryzal symptoms, median 1,047 days

• Cold, coryzal symptoms prior to the onset of exacerbation: 84% of cases

• Exacerbation frequency in COPD is associated with an increased frequency of acquiring the common cold

Eur Respir J 2005; 26: 846–852 



Causal relationship between viral infection and AECOPD

• Experimental rhinovirus infection (n=13) vs. nonobstructed control subjects (n=13)

Am J Respir Crit Care Med Vol 183. pp 734–742, 2011

Symptom scores and lung function during experimental rhinovirus infection Virus load in nasal lavage and sputum



Causal relationship between viral infection and AECOPD

• Impaired IFN production and neutrophilic inflammation may be important mechanisms in virus-induced COPD exacerbations.

Airway inflammatory cells and soluble mediators during experimental rhino virus infection Interferon responses in BAL cells 



Mechanisms of virus-induced airway inflammation

• HRV → activation of EGFR → release mucin and IL-8 

• Expression of cytokines and chemokines↑

• Attraction of various inflammatory cells (neutrophils, T-cells, 
macrophages, dendritic cells)

• Preferentially target airway epithelial cells

• epithelial cell sloughing

• Goblet cell hyperplasia (mucus plug)

• microvascular dilatation

• oedema and immune cell infiltration

• → impaired mucociliary clearance 

• → susceptibility to bacterial infection↑

Eur Respir Rev 2019; 28: 180063



Mechanisms of virus-induced airway inflammation

• Impaired antiviral immunity in COPD: Interferon deficiency

• potential mechanism of increased susceptibility to rhinovirus infection, but remains controversial

• Disease-relevant proinflammatory cytokines by viral infection

• IL-8 (CXCL8)

• IL-6

• chemokine ligand 5 (CCL5/RANTES)

• TNF-a

• IFN-g–induced protein (IP-10/CXCL10) 

• → response is greater in patients with COPD compared with healthy controls

Ann Am Thorac Soc. 2015 Nov;12 Suppl 2:S115-32. 



Respiratory viruses in AECOPD

Am J Respir Crit Care Med. 2001 Nov 1;164(9):1618-23.

†Colds, Increased nasal congestion and/or increased rhinorrhea.

• 83 patients with COPD, 321 exacerbations, 168 nasal aspirates

• Respiratory virus infections: more severe and frequent exacerbations

Viral AECOPDs are associated with delayed recovery than colonizer



Interactions between bacterial and viral infection

• COPD (n=39), 56 exacerbations, 69.6% of bacterial pathogen, 19.6% of rhinovirus

• In exacerbations with both cold symptoms and a bacterial pathogen vs. bacterial pathogen alone

• greater fall of FEV1

• higher symptom count

• higher bacterial loads

CHEST 2006; 129:317–324

-20.3%

-3.63%-3.13%

• Bacterial and viral pathogens interact to cause additional rises in inflammatory markers and greater exacerbation severity



HRV infection during naturally occurring AECOPD
• Higher viral prevalence and load at exacerbation

Eur Respir J 2014; 44: 87–96

a) Prevalence of HRV in stable COPD and at exacerbation (53.3% vs. 17.2%, p<0.001)
b) HRV load in stable COPD and at exacerbation 

• Higher viral load in patients with cold symptoms or sore throats



HRV infection during naturally occurring AECOPD

• Frequent exacerbators were more likely to experience HRV infection

• Number of exacerbations per year

• 3.01 (HRV positive) vs. 2.51 (HRV negative) (p=0.038)

N Engl J Med 2002;347:465-71.

a) Higer number of exacerbations per year in patients with HRV 
b) Association between the number of exacerbations per year and the HRV load

Changes in the load of HRV and typical bacteria during AECOPD and recovery
a) negative for bacteria at exacerbation (n=11) → 73% (8/11) by day 14
b) positive for bacteria at exacerbation (n=10)

• Secondary bacterial infection is common after HRV infection.



Mechanisms of viral-bacterial coinfection

• Viral impairment of macrophage response to bacteria 

→ neutrophil recruitment and bacterial clearance ↓

Thorax. 2008 Jun;63(6):519-25. 
PLoS Pathog. 2012;8(10):e1002969. 

RV infection promotes bacterial persistence and decreases 
neutrophil infiltration to subsequent bacterial challenge in vivo.

• Animal models: effects of RV on subsequent infection with NTHi

• Delayed bacterial clearance in RV/NTHi

• → suppressed chemokine levels and neutrophil recruitment



Mechanisms of viral-bacterial coinfection

• Upregulation of adhesion molecules in the bronchial epithelium

• RV-16 infection→ expression of fibronectin, platelet-activating factor receptor, carcinoembryonic antigen-related cell adhesion molecule ↑

• Compared with rhinovirus-uninfected control cells, the adhesion of S. aureus, S. pneumoniae, and H. influenzae increased significantly in 
rhinovirus-infected nasal epithelial cells.

Laryngoscope. 2009 Jul;119(7):1406-11. 

(A) Fn
(B) PAR-r
(C) CEACAM

(A) S. aureus
(B) S. pneumoniae
(C) H. influenzae

Confocal microscopy of primary human nasal epithelial cells



Bacterial airway microbiome after rhinovirus AECOPD

• In the subjects with COPD

• ↑ proteobacterial sequences on Day 15 after rhinovirus infection

• ↓ Firmicutes and Bacteroidetes phyla

N Engl J Med 2002;347:465-71.

Distribution of bacterial phyla at each time point after rhinovirus inoculation.
(A) In the control subjects
(B) In subjects with COPD

• Within the Proteobacteria phylum

• 21% increase in the relative abundance of a 
Haemophilus species 

• 9.5% rise in the relative abundance of 
Neisseriaceae

• Rhinovirus infection in COPD alters the respiratory microbiome and may precipitate secondary bacterial infections



Clinical significance of pathogens during AECOPD

• 1,186 AECOPD at 28 hospitals in South Korea, 2015 ~ 2018 

• Bacteria 22.1%, viruses 22.5%, both 10.9%

• P. aeruginosa 17.8%, M. pneumoniae 11.2%, S. pneumoniae 9.0%, influenza A virus 19.0%, rhinovirus 15.8%, RSV 6.4%

Tuberc Respir Dis (Seoul). 2025 Apr;88(2):292-302.

Bacterial infection

Viral infection 



Clinical significance of pathogens during AECOPD

• Potentially drug-resistant (PDR): P. aeruginosa, MRSA, and S. maltophilia

• PDR pathogens: hospital stays (15.9 days vs. 12.4 days, p=0.018)↑, ICU admission (15.9% vs. 9.5%, p=0.030)↑



Respiratory infections during AECOPD in the ICU

• Single-centre cohort study, 2015–2021, ICU for severe AECOPD

• Bacterial cause: 39.9%

Int J Chron Obstruct Pulmon Dis. 2024 Feb 27;19:555-565.

IMV: 139 (29.4%) 
ICU mortality: 47 (9.9%)
Hospital mortality: 67 (14.2%)

KM survival curves at 90 days according to the type of respiratory infection



Comorbidities and microbiologic findings

• 1,186 AECOPD at 28 hospitals in South Korea, 2015 ~ 2018 

• Causative pathogens 55.1%, bacteria 32.1%, viruses 33.2%, co-infections 10.3%

• Bacterial infections and co-infections: more prevalent pulmonary comorbidities

• Bacterial pathogens: higher rate of extrapulmonary comorbidities

Int J Chron Obstruct Pulmon Dis. 2022 Apr 20;17:855-867. 



Comorbidities and microbiologic findings

• As the number of comorbidities increased, the risk of bacterial infection increased considerably. 

• AECOPD patients with comorbidities were more likely to experience infection-related exacerbations compared to those without 
comorbidities. 

Int J Chron Obstruct Pulmon Dis. 2022 Apr 20;17:855-867. 



P. aeruginosa in AECOPD

• 736 cases of AECOPD, Korea University Guro Hospital, 2011 ~ 2017

• P. aeruginosa

• frequently identified in severe and very severe COPD patients

• associated with in-hospital mortality 

Yonsei Med J 2019 Feb;60(2):216-222 



P. aeruginosa in hospitalized AECOPD

• 494 AECOPD admission, National Taiwan University Hospital,  2000 ~ 2004

Respirology (2007) 12, 81–87 



Molecular mechanisms of AECOPD with P. aeruginosa

Proc Natl Acad Sci U S A. 2016 Feb 9;113(6):1642-7. 



Microorganisms resistant to conventional antimicrobials

• Severe AECOPD (hospitalized), 2009 ~ 2015

Respir Res. 2018 Jun 15;19(1):119. 



Microorganisms resistant to conventional antimicrobials

• Mortality rates were comparable at 30-days, one year and 3 years

• Longer hospital stays in patients with MDRO



MDR bacteria in patients with severe AECOPD

• ICU admitted AECOPD and MV for >48 hr (n=857), 1996 ~ 2001

• MDR bacteria: MRSA, CRPA, A. baumannii, S. maltophilia, ESBL–producing GNB 

• MDR: 69 (8%), no MDR bacteria: 191 (22%), no bacteria: 597 (69%)

Crit Care Med 2006; 34:2959–2966

Risk factors for MDR bacteria



Mortality of COPD Patients with MDR P. aeruginosa

• Hospitalized AECOPD, 2000–2005

• MDRP: absence of susceptibility to three or more antibiotic families (beta-lactams, quinolones, carbapenems  and aminoglycosides)

• Overall crude mortality of patients (p = 0.01)

• With MDRP: 12% at 1 month, 32% at 1 year, 60% at 2 years

• Without MDRP:  8% at 1 month, 18% at 1 year, 28% at 2 years

• In hospitalized AECOPD patients, acute exacerbation with MDRP in sputum was associated with higher mortality.

Infection. 2009 Feb;37(1):16-9.



Routine use of antipseudomonal antibiotic

• 437 ICU patients with AECOPD (retrospective), 2009 ~ 2017

• Antibiotics active against P. aeruginosa (PAA): 271 patients (62%)

• Piperacillin/Tazobactam(81%), Meropenem(9%), Ciprofloxacin(6%), Ceftazidime(4%)

• Antibiotics with no antipseudomonal activity (PAI): 166 patients (38%)

• Ampicillin/Sulbactam (80%), Ceftriaxone (11%) Moxifloxacin (9%)

J Crit Care. 2021 Oct;65:49-55.

Positive microbiology samples: 24.5%
P. aeruginosa: in 3.7%



Routine use of antipseudomonal antibiotic

• 30-day ICU mortality (p=0.113): 20.4% (PAI) vs. 29.3% (PAA)

J Crit Care. 2021 Oct;65:49-55.

• Empiric use of antipseudomonal antibiotics:  no associated 
with ICU survival



Respiratory viral infections on mortality

• National prospective study in Canada (46 hospitals)

• Hospitalized AECOPD during winter seasons (2011–2015)

• Nasopharyngeal swabs for diagnosis of viral infection

• Primary outcomes: 30-day mortality and ICU admissions 

• Viral infection

• admission to ICU (OR 1.5, 95% CI 1.2–1.9)↑

• need for MV (OR 1.9, 95% CI 1.4–2.5)↑

• mortality (OR 1.1, 95% CI 0.8–1.4)→

Influenza Other Respir Viruses. 2022 Nov;16(6):1172-1182.

3931
1122

696

145



Air pollution and viral infection in severe AECOPD

• AECOPD at 28 hospitals in South Korea

• Viral pathogens: 36.7% (270 of 735)

J Korean Med Sci. 2023 Mar 6;38(9):e68.

Category

A B C D

Description Good Moderate Unhealthy Very unhealthy

Value 0–50 51–100 101–250 251–500

PM10, µg/m3 0–30 31–80 81–150 151–600

PM2.5, µg/m3 0–15 16–50 51–100 101–500

O3, ppm 0–0.030 0.031–0.090 0.091–0.150 0.150–0.600

NO2, ppm 0–0.030 0.031–0.060 0.061–0.200 0.201–2

SO2, ppm 0–0.020 0.021–0.050 0.051–0.150 0.151–1

CO, ppm 0–2 2.01–9 9.01–15 15.01–50

Supplementary Table 1. Relationship between CAI value and each air pollutant

• Air pollution may exacerbate COPD by making patients vulnerable to viral infections



Antibiotics without obvious infection signs in AECOPD

• RCT in China

• Hospitalized AECOPD (n=816), 10/2018 ~ 12/2019 

• Antibiotic group (n=406) : moxifloxacin 400 mg/day IV for 7 days 

• Nonantibiotic group (n=410): placebo for 7 days

Front Pharmacol. 2024 May 10;15:1380939.



Antibiotics without obvious infection signs in AECOPD

• Who may benefit from antibiotics

• >62.5 years of age

• CRP >12.56 mg/L

• Sputum viscosity >III without obvious signs of infection 

Front Pharmacol. 2024 May 10;15:1380939.



Biomarkers for bacteria or virus

• Bacterial Exacerbations 

• SPIROMICS (n = 1,544) and COPDGene (n = 602) cohorts

• 3,471 total exacerbations (1,044 severe)

Am J Respir Crit Care Med. 2017 Feb 15;195(4):473-481. 
Chest. 2010 Apr;137(4):812-22. 

• AUC of serum IP-10 alone for detecting a HRV infection at exacerbation

(A) IP-10, AUC = 0.78 (0.65-0.91)

(B) Coryzal symptoms, AUC = 0.66 (0.51-0.82) 

(C) IP-10 + coryzal symptoms, AUC = 0.80 (0.66-0.94) 

• Serum IP-10 as a biomarker of HRV Infection at AECOPD

• No biomarker for bacterial exacerbation



Antibiotics

• Antibiotics, when indicated, can shorten recovery time, reduce the risk of early relapse, treatment failure, and hospitalization duration. 

COPD. 2020 Jun;17(3):311-317. 

COPD 급성악화 환자에서 3가지 주요증상: 호흡곤란 악화, 가래양의 증가, 화농성 객담의 증가
Type I (호흡곤란↑ + 가래 양↑ + 가래 농도↑): 항생제 권장
Type II (두 가지 이상): 특히 화농성 객담이 포함되면 항생제 투여 권장
Type III (한 가지 증상): 항생제 권장하지 않음



Antibiotics

• Meta-analysis (6 observational studies)

• Sputum purulence: green or yellow sputum by visual assessment of color

• Purulent sputum: higher probability of positive bacterial culture results than mucoid sputum (RR = 2.14, 95%CI [1.25, 3.67], p=0.006)

COPD. 2020 Jun;17(3):311-317. 



Predictors of failure without antibiotics

• Mild to moderate AECOPD (n=310), 2007 ~ 2010

• Multicenter, double blind RCT: AMX/clavulanate 500/125 mg tid for 8 days vs. placebo (n=152)

• Analysis of placebo group to assess the predictors of failure without antibiotics

Chest. 2013 Nov;144(5):1571-1577.

• Among the Anthonisen criteria, only an increase in sputum 
purulence is a significant predictor of failure without antibiotics. 



Predictors of failure without antibiotics

• Predictive value for clinical failure (P=0.033) 

• Anthonisen criteria: AUROC 0.708 (0.616-0.801) 

• CRP> 40 mg/L: AUROC 0.842 (0.760-0.924) 

• The use of a point-of-care CRP test significantly increases the predictive accuracy of failure. 

Chest. 2013 Nov;144(5):1571-1577.



CRP-guided antibiotics in hospitalized AECOPD

• Multicenter RCT, hospitalised AECOPD, 2011 ~ 2015

• Antibiotic treatment: AMX/CLV (625mg, tid for 7 days)

• GOLD strategy (n=119): sputum purulence in combination with increased dyspnoea and/or increased sputum volume

• CRP strategy (n=101): CRP ⩾50 mg/L

• Fewer antibiotics in the CRP group compared to the GOLD group (31.7% versus 46.2%, p=0.028)

• Similar 30-day treatment failure rate, time to next exacerbation, and length of stay

Eur Respir J. 2019 May 23;53(5):1802014.



Summary

• Exacerbation of COPD: increased local and systemic inflammation caused by airway infection (mostly virus or bacteria)

• Bacterial exacerbation

• Acquisition of new bacterial strain, impaired innate alveolar macrophage response, host response to bacteria

• As the number of comorbidities increased, the risk of bacterial infection increased  

• P. aeruginosa and MDRO: poorer outcomes

• Empiric use of antipseudomonal antibiotics: low evidence

• Viral exacerbation

• Frequent exacerbators: more HRV infection

• Secondary bacterial infection is common after viral infection

• Bacterial coinfection

• greater fall of FEV1

• higher symptom count

• higher bacterial loads

• Antibiotics use in AECOPD

• Purulent sputum: higher probability of positive bacterial culture

• Purulent sputum and CRP: predictors of failure without antibiotics
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