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Case

• 48/M

• Ex-smoker (30 PY)

• 2019.03-2020.10 NTM-PD (M. kansasii) 치료

• Post-BD FEV1/FVC < 0.45, FEV1 1.10, 28.1%

• 주기적인 객담 Gram S/C, AFB S/C에서 배양된 균 없음

• Blood Aspergillus Ag/Ab (-/+), 객담 fungus C (-)
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Case

• 치료 약물
• LABA/LAMA 

• Oral mucoactive drugs

• 약물 부작용
• Azithromycin 

• 청력 저하, 이명으로 이비인후과 진료 후 단기간 OCS 사용

• Itraconazole – 이명

# Diagnosis

1) Bronchiectasis/COPD overlap
2) s/p NTM-PD (M. kansasii)
3) BPF
4) CCPA
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호흡곤란 악화
화농성 가래 증가

항생제 처방 (x3)

2021.07/10

CAT 30/33

최근 객혈
기침 가래 악화

항생제 처방 (x2)

Your plan?

Gram S/C, AFB S/C에서 배양된 균주 없음



Your plan?

1) Inhaled antibiotics

2) Long-term oral antibiotics

3) Macrolide

4) Roflumilast

5) Bronchoscopic airway clearance (B-ACT)



Contents

• Bacterial infection 
• Inhaled antibiotics

• Pseudomonas aeruginosa eradication

• Antibiotics for the management of exacerbations

• Culture vs. Microorganism interaction

• Fungal infection – Pulmonary aspergillosis

• COVID-19
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Etiology & treatment

Korea 
(n=598)

Australia 
(n=653)

Europe 
(n=2596)

India 
(n=2195)

Etiology

1st Idiopathic (41%) Idiopathic (29%) Idiopathic (42%) TB (36%)

2nd TB (20%) Post-infective (27%) Post-infective (17%) Post-infective (22%)

3rd Post-infective (20%) NTM (7%) COPD (9%) Idiopathic (21%)

4th Asthma (5%) PCD (4%) Asthma (6%) ABPA (9%)

5th NTM (4%) ABPA (4%) CTD (6%) COPD (5%)

Treatment

Long-term
antibiotics

23 (3.9) 205 (31.4) 503 (19.4) 271 (12.3)

Inhaled 
antibiotics

0 27 (4.1) 166 (6.4) 79 (3.6)

Data are presented as numbers (%).

Lee and Choi, Respirology 2021;26:619



Long-term antibiotics 

To whom? 3 or more AE

Consider long term antibiotics in patients with bronchiectasis who experience 3 
or more exacerbations per year. (A)

BTS guideline 2018



BTS guideline 2018

Sputum Gram S/C 
results are mandatory



P. aeruginosa colonization

• Inhaled colistin (IC)

• Alternative 
• inhaled gentamicin (alternative to IC)

• Azithromycin or erythromycin (alternative to IA)

• Add on
• Azithromycin or erythromycin + IA

BTS guideline 2018



Non-P. aeruginosa colonization

• AZIT or EM

• Alternative 
• inhaled gentamicin (alternative to macrolide)

• Azithromycin or erythromycin (alternative to IA)

• Doxycycline (intolerant of macrolide or when ineffective)

BTS guideline 2018



No pathogen

• Long-term macrolide



Good practice points

Macrolide

Ensure no active NTM 
infection

Hearing loss

At least one neg 
NTM culture

BTS guideline 2018



Good practice points

Inhaled AG

Avoid using if GFR 
< 30ml/min

Hearing loss

Avoid concomitant 
nephrotoxic drugs

BTS guideline 2018



Long-term inhaled Antibiotics vs. macrolide

Inhaled antibiotics Macrolide

Studies RESPIRE 1,2 (≥ 2 AE)
ORBIT 2-4 (≥ 2 AE)
AIR-Bx 1-2 
Nebulized tobramycin, ceftazidime, 
gentamicin, colistin

BAT (≥ 3AE) – AZIT 250mg QD
BLESS (≥ 2 AE) – ETM 400mg BID Daily
EMBRACE (≥ 1AE) – AZIT 500mg TIW

Outcomes

AE Improved
Rate ratio = 0.81(0.67-0.97)
Time to first AE (HR) = 0.83(0.69-0.99)

Severe AE – Rate ratio = 0.43(0.24-0.78)

Improved
Adjusted incidence rate ratio = 0.49(0.36-0.66)
Time to first AE (HR) = 0.46(0.34-0.61)

P. Aeruginosa – IRR, 0.36(0.18-0.72)

QoL No effect Improved QoL measured by the SGRQ (mean 
improvement 2.93 points [0.03-5.83])

FEV1 No improvement (Toward to 
deterioration) (−2.00 to 0.26%pred)

No improvement (toward to improvement)
(67 mL at 1 year, −22-112)

Laska, Lancet Respir Med. 2019;7(10):855-869.
Chalmers, Lancet Respir Med. 2019;7(10):845-854.
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Long-term inhaled Antibiotics vs. macrolide

Inhaled antibiotics Macrolide

Studies RESPIRE 1,2 (≥ 2 AE)
ORBIT 2-4 (≥ 2 AE)
AIR-Bx 1-2 
Nebulized tobramycin, ceftazidime, 
gentamicin, colistin, etc.

BAT (≥ 3AE) – AZIT 250mg QD
BLESS (≥ 2 AE) – ETM 400mg BID Daily
EMBRACE (≥ 1AE) – AZIT 500mg TIW

Outcomes

AE Improved
Rate ratio = 0.81(0.67-0.97)
Time to first AE (HR) = 0.83(0.69-0.99)

Severe AE – Rate ratio = 0.43(0.24-0.78)

Improved
Adjusted incidence rate ratio = 0.49(0.36-0.66)
Time to first AE (HR) = 0.46(0.34-0.61)

P. Aeruginosa – IRR, 0.36(0.18-0.72)

QoL No effect Improved QoL measured by the SGRQ (mean 
improvement 2.93 points [0.03-5.83])

FEV1 No improvement No improvement (toward to improvement)
(67 mL at 1 year, −22-112)

Cordeiro, CHEST 2024; 166(1):61-80
Laska, Lancet Respir Med. 2019;7(10):855-869.

Chalmers, Lancet Respir Med. 2019;7(10):845-854.

0.85 (0.75-0.96

0.80 (0.68-0.94

0.48 (0.31-0.74)

Improved QoL B(mean 2.51[0.44-4.31],
SGQR (mean improvement 3.13[0.32-5.93])



Cordeiro, CHEST 2024; 166(1):61-80



Bacterial load & inhaled antibiotics - QoL
(Aztrenonam Study - AIR-BX1 and AIR-BX2)

More than MID – 8.0 point

Sibila, AJRCCM 2019;200(1):33-41



Cordeiro, CHEST 2024; 166(1):61-80





Summary

• Proper candidates for inhaled antibiotics
• Frequent exacerbators with positive bacterial culture

• Efficacy of inhaled antibiotics 
• 15-20% reduction of AE 

• May improve QoL

• Measuring bacterial load might be helpful
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Question

•추적관찰 중에 객담에서 녹농균이 “처음” 배양되
었습니다. 녹농균 제거를 시도하겠습니까?



Eur Respir J 2017; 50: 1700629

This guideline does not address attempted eradication of chronic P. aeruginosa infection, where 
the infection has been present for many years, as this is thought unlikely to be successful.



Eur Respir J 2017; 50: 1700629



P. Aeruginosa eradication

Systemic + Inhaled antibiotics

Systemic antibiotics

40%

20%

Cordeiro, CHEST 2024; 166(1):61-80



P. aeruginosa eradication

• Eradication rate

New 
isolation

Two
Three or 

more

73% at 6 months
60% at 1 year
42% during median follow-up period of 36 months

Eur Respir J 2019; 53: 1802081

53% at 6 months
47% at 1 year

50% at 6 months
38% at 1 year

Chron Respir Dis. 2019;16:1479973119872513.



Efficacy of P. aeruginosa eradication

• AE (two studies)
• mean difference −0.91 exacerbations over 12 months (95% CI −1.64 

to −0.17

• Not affecting hospitalization

• QoL 
• No data - pre- and post-eradication

• No difference in SGRQ changes between interventional and placebo 
arms (1 study)



Efficacy of eradication of first isolation of 
P. aeruginosa

Pieters, Eur Respir J 2019; 53: 1802081



Summary

• Eradication of P. aeruginosa
• Eradication rate at 1 year - 40% 

• Systemic + Inhaled antibiotics > systemic antibiotics

• Eradication of first isolation > multiple isolation

• Lower rate of AE

• May not change QoL and pulmonary function
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Antibiotics for the treatment of AE



Eur Respir J 2017; 50: 1700629



BTS guideline 2018



IV antibiotic therapy (N=90) 
bacterial load-based Tx vs. 14 days’ Tx

Bedi P, Eur Respir J. 2021;58(6):2004388.

1) aged ⩾18 years
2) bronchiectasis confirmed on chest CT

Primary outcome: Time to next AE requiring antibiotics
Rate of participants in the BLGG in whom antibiotics could be stopped early (day 8, 11)

BLGG group
88% stopped 

on day 8

Stopped on 
day 14

14-day group

Bacterial load
< 106 CFU·mL−1

Clinical 
improvement

(60%)

Clinical 
improvement

(79%)

Day 8-14 Day 21

P = 0.056

HR=1.80, 95%CI=1.16–2.80

Bacterial load was checked on days 0,7,10,14 and 21
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Sensitivity test?

BTS guideline 2018



내성균주가 배양되
었는데도 항생제를 

쓰면 좋아져요.
Negative interaction between microbes → AE

Aogáin, Nature Med 2021;27:689-699



녹농균을 죽이지 
못하는 항생제를 
써도 좋아져요. 

Aogáin, Nature Med 2021;27:689-699

Negative interaction between microbes → High AE
Negative interaction against Pseudomonas → High AE



Interaction > diversity

Aogáin, Nature Med 2021;27:689-699



Antibiotics 

Diversity

Interaction

AE After Tx

Reduced 

Positive
interaction

Stable

Increased 
antagonism

Positive
interaction



Summary

• Bacterial-load guided antibiotics might reduce unnecessary 
antibiotics

• Microbial interaction might be more important than bacterial 
abundance.
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Your plan?

1) Inhaled antibiotics

2) Long-term oral antibiotics

3) Macrolide

4) Roflumilast

5) Bronchoscopic airway clearance (B-ACT)

Fungus C, Aspergillus Ag/Ab











• 2022.11. Voriconazole과 Azithromycin 투여

• 2022.12  Azithromycin 중단



이후 AE?

• 2023년 – 1회 항생제 투여

• 2024년 – 항생제 투여 무

• 하지만…
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BE and risk of pulmonary aspergillosis

Yang, Kim, Ryu, J Pers Med. 2021;11(5):422.



Yang, Kim, Ryu, J Pers Med. 2021;11(5):422.



Genus Aspergillus

• Aspergillum

Mandell, Principles and Practice of Infectious Diseases  7th 2009 



Aspergillus species

Mandell, Principles and Practice of Infectious Diseases  7th 2009 

fumigatus                  flavus                     terreus                      niger



Pulmonary Aspergillosis

• Invasive pulmonary aspergillosis (IPA)

• Chronic forms
• Chronic necrotizing pulmonary aspergillosis, CNPA)

= (Subacute invasive pulmonary aspergillosis, SAIA)
• Simple aspergilloma
• Chronic cavitary pulmonary aspergillosis (CCPA)
• Chronic fibrosing pulmonary aspergillosis (CFPA)
• Aspergillus nodule

• Allergic forms
• Allergic bronchopulmonary aspergillosis (ABPA)



Pulmonary Aspergillosis

Terms Immune state Clinical course Radiology Pathology

Invasive PA Markedly < 1 month
Consolidation
± “halo’’ sign

Hyphae in tissue ±
angioinvasive

CNPA or SAIA Mildly 1-3 months
Cavitation, Nodules, 
abscess formation

Hyphae
(+tissue invasion)

CCPA Non-compromised At least 3 months
Cavities ≥ 1
± fungal ball

Hyphae
(- tissue invasion)

CFPA Non-compromised At least 3 months
Fibrotic destruction 

≥ 2
Fibrotic destruction

Simple aspergilloma Non-compromised At least 3 months
Single cavity 
+ fungal ball

Hyphae in cavity

Smith et al. Eur Respir J 2011;37:865-72



Pathologic diagnosis

Hyphal tissue invasion 

(+)

Level of invasiveness

Anigoinvasive

IPA

Localized

CNPA

Hyphal tissue invasion  

(-)

Clinical status

Unstable

CCPA/CFPA

Stable

CCPA SA

1 cavity≥ 2 cavity



Chronic Pulmonary Aspergillosis (CPA)

Radiologic findings

Symptoms
Serological or 

microbiological 
evidenceCavity Aspergilloma

Progression over  
at least 3months

Simple 
aspergilloma

1 1 No minor or none
Yes

CCPA ≥ 1
≥ 1 

(irregular material)
Yes Significant Yes

CFPA
Severe fibrotic destruction 

of ≥ 2 lobes
Yes

Significant
With major loss of 

lung function
Yes

Aspergillus nodule
One or more nodules 
which may or may not 

cavitate 
- -

Only
histologically 
diagnosed

SAIA
Cavitation, progressive 

consolidation with “abscess 
formation”

Over 1-3 months Significant
Yes

(Aspergillus Ag+)



Single aspergilloma

CNPA

CCPA

Aspergillus 

nodule(s)*

CFPA

Pulmonary Aspergillosis

Denning et al.  Eur Respir J 2016; 47: 45-68
*One or more nodules which may or may not cavitate.   

Only histologically diagnosed.
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Susceptibility to COVID-19

• Susceptibility to COVID-19
• 1.22-fold increased OR (95% confidence interval = 1.01–1.45)

COVID-19 
cohort

(n = 8,070)

Age-, sex- and 
residence 
matched 

population
(n = 121,050)

1.6% 1.4%

Ther Adv Respir Dis. 2021;15:1753466621995043



Short-term outcome

Choi, Lee, Ther Adv Respir Dis. 2021;15:1753466621995043



COVID-19 → Bronchiectasis development?

• CT analysis (n=114) 
• About 25% had BE after severe COVID-19 pneumonia

• Bilateral lower lobe predominance

7% 24%Severe COVID-19 
pneumonia

Han, Fan, Radiology 2021;299:E177-E186



Han, Fan, Radiology 2021;299:E177-E186



Reversible?

• Of 41 COVID-19 survivors after ARDS
• 68% (n=28) had traction bronchiectasis

• Disappeared in 75% (n=21) / Attenuated in 25% (n=7)

Hu, Liu, Frontiers in Medicine 2021;8:739857



Long-term effect of COVID-19 in BE

Unpublished data (submitted)



Severe AE

Unpublished data (submitted)



Long-term mortality

Unpublished data (submitted)



Summary

• Proper candidates for inhaled antibiotics
• Frequent exacerbators with positive bacterial culture

• Efficacy of inhaled antibiotics 
• 15-20% reduction of AE 

• May improve QoL

• Measuring bacterial load might be helpful



Summary

• Eradication of P. aeruginosa
• Eradication rate at 1 year - 40% 

• Systemic + Inhaled antibiotics > systemic antibiotics

• Eradication of first isolation > multiple isolation

• Lower rate of AE

• May not change QoL and pulmonary function



Summary

• Pulmonary aspergillosis – underrecognized comorbidity of BE

• Bronchiectasis
• is associated with increased susceptibility and severity to COVID-19 

• About ¼ can develop BE after severe COVID-19 pneumonia

• COVID-19 related BE can be reversible 

• COVID-19 has negative impact on long-term outcomes in patients 
with bronchiectasis
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