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What About Post-TB Care and Follow-up

7

Long Shadow of TB

8
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Lung cancer 
risk remains 
elevated after 
TB treatment

Shiels et al. Cancer Epidemiol Biomarkers Prev 201110



Country n Cavitation Bronchiectasis Fibrosis Nodules

Poey et al. 
1997

Martinique 27 7.4% 85.2% 92.6% 48%

Long et al. 
1998

Canada 20 Not mentioned 50% 80% 55%

Bombarda et
al. 2003

Brazil 20 30% 35% 70% 55%

Lee et al.2008 Taiwan 52 34.6% 44.2% 92.3% 55.8%

Rufino et al. 
2015

Brazil 74 16% 86% Not 
mentioned

48%

Post-TB CT findings and patterns

Meghji J et al. Plos One 2016 11

Post-TB Infectious Treatment 
Complications

○ Acute- virus (influenza, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) disease 
(COVID-19)), bacterial pneumonia

○ Chronic- Chronic pulmonary aspergillosis (CPA), 
nontuberculous mycobacteria (NTM)

Hsu et al. Int J Infect Dis 2020
Tadolini et al. Eur Respir J 2020 12



Interaction of Aspergillus with host

Kosmidis et al. Thorax 2015

Immune 
Dysfunction

Immune 
Hyperactivity

Frequency of Aspergillosis

Invasive 
Aspergillosis (IA)

Chronic 
pulmonary 
aspergillosis

Allergic 
bronchopulmonary
aspergillosis 
(ABPA)

Minor Immune 
Dysfunction

(Diseased lung)

Mortality
High Low

Simple 
aspergilloma
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IPA VS CPA

Kosmidis C, et al. Thorax. 2015
14



Clinical Spectrum of Pulmonary 
Aspergillosis

Kanj et al. Respir Med 2018 15

Chronic pulmonary aspergillosis is 
found in non-immunocompromised

patients with prior or current
lung disease

Denning et al. Eur Respir J 2016
16



Underlying conditions in CPA

Smith et al. Eur Respir J 201117

Most common

Most severe
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Types of chronic pulmonary aspergillosis

Denning et al. Eur Respir J 201619

Aspergilloma
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Chronic cavitary pulmonary aspergillosis

21

Serial CXR change of CCPA
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Chronic fibrosing
pulmonary aspergillosis

23

Griffith et al. Am J Respir Crit Care Med 2007
Daley et al. Clin Infect Dis 2020

Clinical Radiologic Mycologic

The diagnosis of CPA requires a combination of
characteristics: 
1.Clinical symptoms
2.one or more cavities with or without a fungal ball 
present or nodules on thoracic imaging,
3. direct evidence of Aspergillus infection (microscopy or 
culture from biopsy) or an immunological response to
Aspergillus spp. 

exclusion of alternative diagnoses and all present for at 
least 3 months.

24



Pulmonary Aspergillosis in Taiwan-
Claims Database

Of pulmonary 
aspergillosis, 32.9% 
developed in patients 
with COPD and 26.3% 
had prior diagnosis of TB

Huang et al. J Fungi 2019 25

Clinical Dilemma In Diagnosis

26



Mycological evidence

Denning et al. Eur Respir J 2016Denning et al Eur Respi

The presence of A. fumigatus in a
bronchoscopic specimen is far more common in infection 
compared to colonisation

27

Galactomannan (GM) antigen test

Serum or Bronchoalveolar lavage (BAL)

Specimen Sensitivity (%) Specificity (%) Note
Galactomannan Serum 22.6–66.7 63.5 Cut off values differ in each 

study between 0.5 and 1.0

BAL 77.2–77.8 77–90 Cut off values differ in each 
study between 0.4 and 0.5

BAL GM possibly better than serum

Takozono et al. Front Microbiol 2018 28



Shin et al. J Infect 2014

BAL, please!

Mycological evidence
GM test (Serum)

168/334

29

Optimal Cut-off Value of BAL GM Test

Segal et al. J Clin Microbiol 2019

Proposed BAL GM cut-off value ranged from 0.4 
to 2.5

30



Cut off point 
Serum:0.7
BAL: 0.4

Izumikawa et al. Med Mycol.2012

Mycological evidence
GM test (Serum VS BAL )

31

Mycological evidence
Aspergillus Ab

Denning DW, et al. ERJ 201632



Performance of Aspergillus IgG Assay

Page et al. J Infect 2016 33

Sehgal et al. Mycoses 2018

Promising diagnostic tool??
34



Aspergillus IgM

92      75       55

177      77       68

IgG performs better than IgM

Li et al. Front Microbiol 2019 35

Taiwan Local Epidemiologic Data

Not readily available

36



Healthy 
control
(n=200)

TB-related group
All

(n=1042)
TB contacts

(n=326)
Active TB
(n=524)

Old TB
(n=192) p value*

Age 54.7±11.8 51.8±20.0 38.2±16.9 56.1±18.4 63.2±16.4 <0.001
<45 42 (21.0) 387 (37.1) 201 (61.7) 155 (29.6) 31 (16.2) <0.001
45-65 123 (61.5) 351 (33.7) 107 (32.8) 184 (35.1) 60 (31.3)
>65 35 (17.5) 304 (29.2) 18 (5.5) 185 (35.3) 101 (52.6)

Body mass index NA 22.2±3.55 23.2±3.7 21.7±3.27 21.5±3.7 <0.001
<18 NA 103 (9.9) 17 (5.2) 57 (10.9) 29 (15.1) <0.001
18-25 NA 740 (71.0) 229 (70.3) 389 (74.2) 122 (63.5)
>25 NA 199 (19.1) 80 (24.5) 78 (14.9) 41 (21.4)

Male: female (n) 100:100 611:431 161:165 329:195 121:71 <0.001
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TB-related group
All

(n=1042)
TB contacts

(n=326)
Active TB
(n=524)

Old TB
(n=192) p value*

Underlying diseases
Diabetes mellitus 149 (14.3) 7 (2.2) 93 (17.8) 49 (25.5) <0.001
ESRD 21 (2.0) 1 (0.3) 10 (1.9) 10 (5.2) <0.001
Malignancy 95 (9.1) 4 (1.2) 69 (13.2) 22 (11.5) <0.001
Autoimmune disease 24 (2.3) 0 21 (4.0) 3 (1.6) <0.001
Hypertension 210 (20.2) 14 (4.3) 117 (22.3) 79 (41.2) <0.001

Rural residence 90 (8.6) 20 (6.1) 48 (9.2) 22 (11.5) 0.095
Smoking 368 (35.3) 63 (19.3) 220 (42.0) 85 (44.3) <0.001

Current smoker 186 (17.9) 39 (12.0) 101 (19.3) 46 (24.0) <0.001
Ever smoker 182 (17.5) 24 (7.4) 119 (22.7) 39 (20.3)
Never smoker 674 (64.7) 263 (80.7) 304 (58.0) 107 (55.7)
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Healthy 
control
(n=200)

TB-related group
All

(n=1042)
TB contacts

(n=326)
Active TB
(n=524)

Old TB
(n=192) p value*

Chest CT available NA 507 (48.7) 6 (1.8) 360 (68.7) 141 (73.4) <0.001

Chest image findings

Cavitation NA 86 (8.3) 0 54 (10.3) 32 (16.7) <0.001

Fibro-nodule NA 483 (46.4) 15 (4.6) 337 (64.3) 131 (68.2) <0.001

Consolidation NA 165 (15.8) 4 (1.2) 132 (25.2) 29 (15.1) <0.001

Infiltrates NA 375 (36.0) 23 (7.1) 280 (53.4) 72 (37.5) <0.001

39

Healthy 
control
(n=200)

TB-related group
All

(n=1042)
TB contacts

(n=326)
Active TB
(n=524)

Old TB
(n=192) p value*

A. fumigatus IgG
Titer (mgA/L) 28.6±27.4 26.6±27.9 28.4±27.6 22.6±20.2 34.4±41.5 <0.001

Titer >50 mgA/L 30 (15.0±2.5) 136 (13.1±1.0) 56 (17.2±2.1) 48 (9.2±1.3) 32 (16.7±2.7) <0.001

Titer >40 mgA/L 44 (22.0±2.9) 195 (18.7±1.2) 75 (23.0±2.3) 76 (14.5±1.5) 44 (22.9±3.0) 0.002

Titer >27 mgA/L 66 (33.0±3.3) 345 (33.1±1.5) 123 (37.7±2.7) 139 (26.5±1.9) 83 (43.2±3.6) <0.001

Titer >20 mgA/L 95 (47.5±3.5) 476 (45.7±1.5) 153 (46.9±2.8) 216 (41.2±2.2) 107 (55.7±3.6) 0.002

A. niger IgG titer (mgA/L) 20.3±21.3 19.5±18.9 21.3±22.0 17.9±16.3 20.7±19.4 0.023

40



Independent factors associated with A. fumigatus-specific 
IgG positivity in logistic regression

Variables Crude OR 95% CI p value Adjusted OR 95% CI p value
Age

<45 (Ref)
45-65 0.59 0.43-0.80 <0.001 0.56 0.41-0.78 <0.001
>65 0.64 0.47-0.88 0.006 0.63 0.44-092 0.014

TB status
Close contacts (Ref)

Active TB

Old TB

0.60

1.26

0.44-0.80

0.87-1.81

<0.001

0.22

0.69

1.59

0.50-0.95

1.05-2.42

0.025

0.030
End-stage renal disease 0.21 0.05-0.90 0.035 0.19 0.04-0.85 0.029

Pulmonary cavitation 1.51 0.96-2.36 0.073 1.73 1.07-2.80 0.025

Female sex 1.49 1.14-1.93 0.003 1.49 1.14-1.95 0.004

) Higher

diseasedi
Higher

x

y

Female sexFemale sex
Higher

xFemale sexFemale sexFemale sex
Higher

g

Pulmonar

g

P l
Lower
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Independent factors associated with A. fumigatus-specific 
IgG positivity in logistic regression (cut-off level at 50 mgA/L)

Variables Crude OR 95% CI p value Adjusted 
OR*

95% CI p value

Age

<45 (Ref)
45-65 0.46 0.29-0.71 <0.001 0.49 0.31-0.77 0.002
>65 0.59 0.38-0.92 0.019 0.65 0.39-1.08 0.098

TB status

Close contacts (Ref)

Active TB

Old TB

0.50

1.03

0.33-0.75

0.64-1.65

<0.001

0.920

0.63

1.38

0.40-0.98

0.80-2.37

0.041

0.247
Female sex 1.69 1.17-2.43 0.005 1.63 1.12-2.35 0.010
Cancer 0.29 0.10-0.79 0.016 0.39 0.14-1.09 0.073

Rural residency 1.59 0.91-2.79 0.106 1.69 0.95-3.02 0.075Rural resid
Higher

Rural resi

Lower

42



Proportion of Aspergillus fumigatus IgG positivity under 
different cut-off values among different TB status

43

Proportion of Aspergillus fumigatus IgG positivity under 
different cut-off values among different age groups
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Proportion of Aspergillus fumigatus IgG positivity under different 
cut-off values among patients with/without cavitation
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Proportion of Aspergillus fumigatus IgG positivity under 
different cut-off values among male/female
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Proportion of Aspergillus fumigatus IgG positivity under 
different cut-off values among ESRD/non-ESRD

47

Spearman correlation coefficient: 0.942

48



TB 
status

Age
/sex

Comorbidit
y

Timing of 
sampling IgG 
related to 
CPA 
diagnosis

Interval 
between 
CPA and 
end of TB 
treatment 

A. fum / 
A. nig IgG 
(mgA/L)

Symptom Mycologic
evidence

Type 
of 
CPA

Imaging findings

Case 1 Activ
e TB

65/
M

Rheumatoi
d arthritis

15 months 
before CPA 
diagnosis

6 months 48.9/37.6 Cough, 
sputum

BAL: A. niger CCPA Left upper lung cavitation 
with wall thickening

Case 2 Old 
TB

45/
M

NPC, HTN 10 months 
under CPA 
treatment 

3.5 years 46.1/32.8
*

Cough, 
sputum,
fever

Positive BAL  
(5.74) and 
serum (1.53) 
GM antigen

CCPA Diffuse Cavities, nodules 
with bronchiectasis, 
fibrosis and emphysema 
over bilateral lung   

Case 3 Old 
TB

71/F DM Before CPA 
treatment

3 years 156.4/82.
7

Cough, 
sputum, 
hemoptys
is

Positive BAL 
GM antigen 
(1.21)

CCPA Multiple cavities over 
RUL, right middle lobe 
collapse, fibrosis with 
bronchiectasis over 
bilateral lung

Case 4 Old 
TB

67/
M

DM, HTN Before CPA 
treatment

11 years 85.3/45.3 Cough, 
sputum, 
dyspnea

Positive 
serum GM 
antigen 
(1.06)

CFPA Extensive fibrosis with 
diffuse bronchiectasis 
over bilateral lung

Case 5 Old 
TB

80/
M

DM, HTN Before CPA 
treatment

>20 years 134.0/97.
0

Cough, 
sputum, 
dyspnea, 
hemoptys
is

Positive BAL 
GM antigen 
(5.43)
BAL: A. 
terreus

CCPA Cavitation, bronchiectasis

49

The Incidence Rate of CPA in Taiwan TB 
Patients

○ Median follow-up for 2.5 years and only one (0.2%) 
developed CPA during follow-up (71 events per 
100,000 person-years)

○ 285 TB patients two years after anti-TB treatment in 
Uganda for CPA surveillance and revealed 14 (4.9%) 
developed CPA with an incidence rate of 2,456 per 
100,000 person-years.-> 26% had CXR visible 
cavitation

50



The Role of IgG in CPA Diagnosis

51

Symptoms
Image 

Takozono T, et al. Front Microbiol 2018

52Denning et al. Emerg Infect Dis 2018

Clinical 
suspicion is 
the first step



Nontuberculous Mycobacterium Lung 
Disease

53

A serial of review articles in Taiwan, 2020

Supported by Taiwan Society of Pulmonary and Critical Care Medicine 
54



What is NTM

○ Mycobacterial species other than the 
Mycobacterium tuberculosis complex (M. bovis, M. africanum, M. microti, M. 

canetti, M.  caprae, M. pinnipedii, M suricattae and M. mungi) and those organisms causing 
leprosy (M. leprae and M. lepromatosis)

55

Chien JY et al. Emerg Infect Dis 2014 

Nontuberculous mycobacterium(NTM) lung disease: an emerging 
disease entity

Chien et al. Emerg Infect Dis 2014 56



Country NTM species N Prior TB
Chen LC et al. 
2020

Taiwan M. chimaera 28 6 (21.4)

Koh WJ et al. 
2011

Korea M. abscessus 145 77 (53.1%)

Costa A et al. 
2013

Brazil MAC, M. abscessus, 
M. kansasii

29 22 (75.8%)

Pan SW et al. 
2017

Taiwan MAC 126 23 (18%)

Prior TB is an important underlying 
cause of NTM

Pan et al. Clin Infect Dis 2017
Chen et al. J Infect 2020
Koh et al. Am J Respir Crit Care Med 2011 
Costa et al. PLoS Negl Trop Dis 2013

57

Clinical and Microbiologic Criteria for Diagnosis of Nontuberculous Mycobacterial Pulmonary Disease

Clinical Pulmonary or Systemic Symptoms

Radiologic Nodular or cavitary opacities on chest radiograph, or a high-resolution computed tomography scan that shows 
bronchiectasis with multiple small nodules

And Appropriate exclusion of other diagnoses

Microbiologic 1. Positive culture results from at least two separate expectorated sputum samples. If the results are nondiagnostic, 
consider repeat sputum AFB smears and cultures
or
2. Positive culture results from at least one bronchial wash or lavage
or
3. Transbronchial or other lung biopsy with mycobacterial histologic features (granulomatous inflammation or AFB) and 
positive culture for NTM or biopsy showing mycobacterial histologic features (granulomatous inflammation or AFB) and 
one or more sputum or bronchial washings that are culture positive for NTM

Griffith et al. Am J Respir Crit Care Med 2007
Daley et al. Clin Infect Dis 2020

Clinical Radiologic Microbiologic

58



59

Lee MR et al. Emerg Infect Dis 2015

Clinical Characteristics of Patients with a Single 
Isolation of NTM

Characteristic Total

(n=202)

MAC

(n=70)

M. che-abs

(n=40)

M. kansasii

(n=21)

M. fortuitum

(n=71)

Age: median [range] 70 [13 – 99] 71 [32-93] 70 [48– 89] 71 [45 – 99] 68 [13 – 93]

Male 120 (59%) 47 (67.1%) 21 (53%) 16 (76%) 36 (51%)

Number of sputum samples within one year 7.8 ± 3.5 8 ± 3.54 7.8 ± 3.8 7.4 ± 3.2 7.6 ± 3.3

Microbiology follow-up period, months 12.0 14.9 12.7 14.2 8.1

Clinical follow-up period, months 26.2 28.8 26.9 24.8 23.7

Presence of subsequent positive culture 44 (22%) 19 (27%) 8 (20%) 5 (24%) 12 (17%)

Diagnosed as NTM pulmonary disease 8 (4%) 6 (9%) 1 (3%) 1 (5%) 0

Lee MR et al. Clin Microbiol infect 2015

44/202 (22%) single NTM isolation had subsequent 
cultures of same NTM species
Only 8/202 (4%) developed NTM-LD

Lee et al. Clin Microbiol Infect 2015 60



61

NTM-PD -> CT
Haworth CS et al. Thorax 2017

Identification of NTM species

○ Commercial nucleic acid probes
○ PCR restriction-enzyme analysis (PRA)
○ Gene sequencing
○ MALDI-TOF
○ Line probe assay

Huang et al. J Formosa Med Assoc 2020 62



Huang et al. J Formosa Med Assoc 2020

Significance of NTM 
varies with species

63

Northern Taiwan: MAC 

Southern Taiwan: M. 
abscessus complex and 
MAC 

Lee et al. J Formosa Med Assoc 202064



Feng et al. J Formosa Med Assoc 202065

66



MAC-LD

12 months of daily 
azithromycin, 
ethambutol, 
rifampin and 2 
months of amikacin

Pan et al. J Formosa Med Assoc 2020 67

68



M. kansasii
○ High Virulence
○ Clinical presentations resembling pulmonary TB

An emerging 
disease entity in 
Southern Taiwan?

Huang et al. J Formosa Med Assoc 2020 69

Lan et al. J Formos Med Assoc 202070



Therapies
Items Indications Benefits

Education Knowledge about disease, Self-care technique, Pharmacological 

treatment , Non-pharmacological treatment ,Smoking cessation,

Hospice care

All patients Improve self-management

Airway Clearance 

Therapy

Active cycle of breathing techniques (ACBT), Autogenic drainage (AD) 

,Forced expiration technique (FET), Mmanual techniques (MTs),

Postural drainage (PD),Positive expiratory pressure (PEP), Oscillating 

positive expiratory pressure (OPEP),High frequency chest wall 

oscillation (HFCWO)

- Copious secretions

- Respiratory infection 

with retained 

secretions

- Acute atelectasis

- Increase amount of sputum 

expectorated

- Improve symptoms (cough, dyspnea

- Improve HRQL

- Decrease RV, FRC, and TLC

Exercise training Bike, Treadmill, Walking, Swimming, Resistance training (with hand 

weights or bands)

- Poor exercise capacity

- Poor HRQL

- Persistent dyspnea

- Improve exercise capacity

- Improve HRQL

- Improve symptoms (dyspnea, fatigue)

- Decrease acute exacerbation

Inspiratory 

muscle training

Inspiratory muscle training device Low maximal inspiratory 

pressure and maximal 

expiratory pressure

- Increase respiratory muscle strength

- Improve exercise capacity

- Improve HRQL

- Decrease dyspnea

Nutrition High-calorie intake/ High protein content, Fruits and vegetables,

Vitamin and mineral supplements, Oral nutritional supplements

Malnutrition (BMI< <20 

kg/m², serum albumin <3.5 

g/dL)

Increased muscle strength and HRQL (with 

pulmonary rehabilitation program)

Lan et al. J Formos Med Assoc 202071

Surgical Management of NTM-LD

Surgical indication
Complicated cases (a failed sputum culture conversion after 6 months of 
therapy)
Significant symptoms (hemoptysis, persisting bronchiectasis)
Localized disease (destroyed lung)
Cavitary lesions (regardless of achieving negative sputum conversion in 
response to antimicrobial therapy)
Suspicion of cancer

Tseng et al. J Formos Med Assoc 202072



Indication

Pre-op 
assessment and 
preparation

Surgery

Post-op follow-
up and 
management

Tseng et al. J Formos Med Assoc 202073

Shu et al. J Formos Med Assoc 2020 74



Mechanisms Dysfunction 
type

Disease 
representative

Population size, 
general

Population size, 
Taiwan

Association with 
NTM-LD

Immunosuppression Immune
deficiency in 
lung

Inhaled
corticosteroids

Common drug Common drug OR = 1.86-2.74

Systemic 
immune 
deficiency

Anti-TNF-α
therapy

Not uncommon;
approximately 
0.4%

Not uncommon OR= 2.19

Shu et al. J Formos Med Assoc 2020

Identify correctable and manageable factors associated with 
NTM-LD

75

Shu et al. J Formos Med Assoc 202076



MAC subspecies

105 MAC isolates from MAC-LD 
patients 
35 (33%) M. intracellulare
41 (39%) M. avium
16 (15%) M. chimaera
13 (12%) other species

Risk of disease progression 
lower with M. chimaera

Pan, Shu et al. Clin Microbiol Infect 2020
77

Subspecies of M. 
abscessus complex are 
associated with different 
clinical outcome

Cheng et al. Clin Microbiol Infect 2012
Koh et al. Am J Respir Crit Care Med 2011 78



From subspecies to drug 
susceptibility to clinical outcome

Huang et al. J Formos Med Assoc 2020 79

Post-TB/NTM/Aspergillus Colonization

One year/Five year  survival rate: 
83% and 61%

Naito et al. Respir Invest 2018 80



Thanks for Your Attention!

81


