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2-3 μm 25-37°C
100-1000/day inhaled 

4-6 hours

Infectious life cycle of Aspergillus

Finger-like branch
Acute angle 2



The main core of A. fumigatus cell wall consists of a 
polymer of β-1,3-glucan and chitin which is 
responsible for the rigidity of this structure. β-1,3-
glucan is cross-linked to α-1,3-glucan, galactomannan, 
galactosaminogalactan…, all of them covalently bound 
one to the other 

Front Microbiol. 2020 Jan 9;10:2993. 

Hyphae Conidia
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colonisation

infection

Lv Q, et al. Eur Respir Rev 2021

Colonization vs. Infection
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Espinosa V, et al. Front Micro 2016

Neutrophils
Key immune cells
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Kosmidis C, et al. Thorax 2015

CPAIPA
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Immune suppression Immune competent



When to consider IPA

7Lamoth F,e t al. Eur Respir Rev. 2022



Classical Risk factors for IPA

Herbrecht R. Ann N Y Acad Sci. 2012

ANC<500: angio-invasive
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New- ICU patients at risk for IPA

Kluge S, et al. Medical Mycology 2022

IAPA
CAPA
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IAPA
CAPA

Dewi IM, Cur Opin Micro 202110



Feys S, et al. J Fungi 202111



Risk Factor of CAPA

Castro-Fuentes CA, et al. Pathogens 202212



Radiological features of IPA/CAPA- Non-specific

Nodules with halo sign Cavity with air-crescent Extensive consolidation

Small consolidation with halo sign Wedge-shape consolidation Necrotic consolidation 13



Analysis of initial and follow-up CT findings in patients with invasive 
pulmonary aspergillosis after solid organ transplantation

Lim C, et al. Clin Radiol. 2012 

46 adult patients with SOT and meet 2008 EORTC/MSG criteria 21 survivors and 15 died of IPA
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Lamoth F,e t al. Eur Respir Rev. 2022
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Lamoth F,e t al. Eur Respir Rev. 2022
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Spec > Sens

Spec > Sens

General comparable performance in GM and PCR; BAL better than serum; suggest combine

Spec > Sens
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Criteria for IPA Clinical Radiological Mycological

EORTC/MSGERC

Donnelly JP, CID 
2020

Proven 
IPA

- -

Lung biopsy, at least 1:
• Histo/cytopathologic, or 

direct microscopic exam 
(Hyphae + tissue damage)

• Culture from sterile material 
or blood with compatible 
clinical process

Probable 
IPA

Host factors:
• Neutropenia(<500,>10d)
• Receipt of allo-SCT(+SOT)
• CS(0.3mg/kg/d*3wk in 60d)
• T-cell(+B-cell, e.g., BTKi) 

immunosuppressant in 90d 
• Hematologic malignancy
• Acute GvHD(gut, lung, liver, 

refractory to steroid)

At least 1 CT pattern
• dense, well-circumscribed 

lesion
• air-cresent
• cavity
• wedge-shape consolidation

At least 1:
• Culture or microscopic(+) in 

respiratory specimens
• BAL GM ≥ 1
• Serum GM≥ 1
• BAL GM ≥ 0.8 + serum GM ≥ 0.7
• 2X positive Aspergillus PCR

(serum or BAL)

Possible 
IPA

As above As above -
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Criteria for IPA Host factor Clinical Mycological

AspICU
algorithm

Blot SI, 
AJRCCM 
2012

Proven IPA - -

Lung biopsy, at least 1:
• Histo/cytopathologic, or 

direct microscopic exam 
(Hyphae + tissue damage)

• Culture from sterile material 
or blood with compatible 
clinical process

Putative IPA

1. Entry criterion: aspergillus in LRT culture

4a. Host risk factors
• ANC<500
• Hema/Onco s/p CT
• Prolonged steroid
• Immunosuppresants

2. CXR or CT scan
• Abnormal imaging (any 

infiltrate)
3. Compatible s/s

• Fever, pleuritic chest pain, 
dyspnea, hemoptysis, 
respiratory insufficiency

4b. BAL
• Culture (+ or ++) in BAL fluids
• Without bacteria
• Cyto: branching hyphae  

Aspergillus 
colonization

≥ 1 criterion to putative IPA not meet
19



Criteria for IPA Host factor Clinical Mycological

Modified
AspICU
algotithm
(IAPA)

Schauwvlieghe. 
Lancet Resp 
Med 2018

Proven IPA - - Identical to EORTC/MSGERC

Putative IPA
-

Clinical Criteria
• Refractory fever
• Dyspnea
• Hemoptysis
• Worsening resp.  distress
Radiological criteria
• Abnormal infiltrate

At least 1:
• Positive culture in BALF
• GM in BAL ≥ 1
• GM in serum ≥ 0.5

IAPA
Verweij PE, et 
al. ICM 2020

Proven IAPA -
• Histo/cytopathologic, or direct microscopic
• Culture or PCR + from tissue

Probable IAPA -

CXR or CT image
• Pulmonary infiltrates

At least 1:
Serum GM > 0.5 or BAL GM ≥ 1.0 
BAL culture(+)

• Cavitating infiltrates 
(without other causes)

Positive culture in tracheal aspirate or sputum

Aspergillus 
tracheobronchitis

-
Bronchoscopic examination
- Airway plaque,     
- pseudomembrane, ulcer

At least 1:
Serum GM > 0.5 or BAL GM ≥ 1.0 
Culture + in BAL, tracheal aspirate or sputum
Positive direct microscopic 20



Criteria for IPA Host factor Clinical Mycological

Modified
AspICU
algotithm
(IAPA)

Schauwvlieghe. 
Lancet Resp 
Med 2018

Proven IPA - - Identical to EORTC/MSGERC

Putative IPA
-

Clinical Criteria
• Refractory fever
• Dyspnea
• Hemoptysis
• Worsening resp.  distress
Radiological criteria
• Abnormal infiltrate

At least 1:
• Positive culture in BALF
• GM in BAL ≥ 1
• GM in serum ≥ 0.5

BM-AspICU
Hamam, et al. 
AIC 2021

(Entry:
Cul + or
Clinical + or
Radio +)

Proven IAPA - Identical to EORTC/MSGERC

Probable IPA

≥ 1 EORTC host 
factor (strong)

≥ 1 Abnormal image
(any infiltrate) 

≥ 1 Mycological • BAL GM ≥ 1
• Serum GM≥ 1
• BAL GM ≥ 0.8 + serum 

GM ≥ 0.7
• 2X positive Aspergillus 

PCR (serum or BAL)

≥ 1 Other host 
factor (weak)

≥ 1 Abnormal image 
(any infiltrate)

≥ 1 Clinical sign 

≥ 2 Mycological

Colonization, 
possible IPA, 
no IPA

≥ 1 criterion to putative IPA not meet
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Criteria for CAPA Clinical Radiological Mycological

ECMM/ISHAM

Koehler P, et al. 
Lancet Inf Dis 
2021

Proven CAPA - -
• Histo/cytopathologic, or direct 

microscopic in tissue
• Culture or PCR + from tissue

Probable CAPA
(pulmonary)

• Refractory fever
• Pleural rub
• Chest pain
• Haemoptysis

CXR or CT
• Pulmonary infiltrates
• Cavity

At least 1
• Microscopic(+) in BALF (hyphae)
• Positive culture in BALF
• Serum GM > 0.5 or BAL GM ≥ 1
• Positive PCR in serum x2 or BAL x1

or Serum & BAL x1 (CT <36)

Probable CAPA
(tracheobro)

Bronchoscopic exam
Airway plaque, pseudomembrane, ulceration, 

nodule

At least 1
• Microscopic(+) in BALF (hyphae)
• Positive culture in BALF
• Serum GM > 0.5 or BAL GM ≥ 1
• Positive PCR in BAL x1

Possible CAPA
Identical to probable 

CAPA
Identical to probable 

CAPA

At least 1
• Microscopic(+) in NBL (hyphae)
• Positive culture in NBL
• NBL GM > 4.5 x1 or >1.2 x2
• NBL GM > 1.2 + PCR+ in NBL

COVID-19
ICU

ARDS
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Epidemiology of IA in critically ill patients

• IA in general ICU
• 0.3~5.8% of general ICU population

Meersseman W, et al. AJRCCM 2004
Taccone FS, et al. Crit Care 2015

Garnacho-Montero  J, et al. Crit Care 2005

• Influenza associated invasive aspergillosis (IAPA)
• 16-23% of critically ill influenza

Am. J. Respir. Crit. Care Med.2017, 196, 524–527.

Intensive Care Med. 2012, 38, 1761–1768.

J. Formos. Med. Assoc. 2017, 116, 660–670

• COVID-19 associated invasive aspergillosis (CAPA)
• 5~25% of ICU-admitted COVID-19 patients
• 15.3% (11/72) in ICU-admitted COVID-19 in VGHTPE in 2021

Delliere S, et al. CMI, 2021
Gangneux JP, et al. , Lancet Resp Med, 2021

Huang JR et al. JCMA 2022
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Epidemiology of invasive aspergillosis in critically ill patients: 
clinical presentation, underlying conditions, and outcomes

Taccone FS, et al. Crit Care 2015

563 Asp. culture+  patients from 30 ICUs in 8 countries Proven IA (17%) vs. putative IA (36%) vs. colonization (47%)

Site affected: lung 548; sinus 11; abdomen 11, brain 10, skin 9, endovascular 8

21%

33%

62%

proven

putative

colonize

25%

45%

70%
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Coronavirus Disease 2019-Associated Pulmonary 
Aspergillosis in Mechanically Ventilated Patients

Permpalung N, et al. Clin Infect Dis. 2022

396 COVID-19 cases in US, 39 with CAPA Probable CAPA: Serum GM > 0.5, BAL GM ≥ 1, cul+ in BALF

Possible CAPA: BAL GM:0.5~ 1, BDG >80, cul + in ETA

60D Mortality: 50% extubation

Life support Discharge

26

10%



Defining COVID-19 associated pulmonary 
aspergillosis: systematic review and meta-analysis

Prevalence

ICU ICU+IMV

10% 11%
Kariyawasam RM, et al. CMI 2022

41 studies, 3297 COVID-19 patients in ICU 313 (9.5%) diagnosed with CAPA Mortality rate: 59.2%

OR: 2.16 (0.95-5.00)

Anti-fungal marginally reduce mortality
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COVID-19-associated pulmonary aspergillosis is associated 
with increased in-hospital mortality and prolonged SARS-
CoV-2 viral shedding

Huang JR, Feng JY, et al. JCMA 2022

2021/5~2021/8

45% 55% 13%87%

overall

With MV

CAPA

15.3%

Survival rate

VGHTPE
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MOA of Anti-fungal therapy

Kathiravan M, et al. Bioorg Med Chem. 2012

Candin, Amp BAzolesFlucytosin
29



Treatment of IPA- IDSA 2016

Patterson TF, et al. CID 2016

Evaluate treatment 
response after 1 week
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Antifungal resistance in less common fungal species

Perlin DS, et al. Lancet Infect Dis. 2017 Dec;17(12):e383-e392.





Adjunctive Measures for IA

• Reduces doses of immunosuppressive agents if feasible

• Colony-stimulating factors may be considered in neutropenic patients

• Granulocyte transfusions can be considered in refractory IA

• Secondary prophylaxis should be considered if immunosuppression is 
needed in successfully treated IPA
• Posaconazole (high quality evidence)
• Voriconazole (moderate quality evidence)

33



Treatment of CAPA-ECMM/ISHAM 2020

• Voriconazole
• Narrow therapeutic window
• Drug-drug interaction
• Possible interaction with RDV

(not fully understood)

• Optimal treatment duration 
unknown: 6-12 weeks

• No drugs are licensed for 
prophylaxis

Koehler P, et al. Lancet Inf Dis 202134



Antifungal prophylaxis for prevention of CAPA in critically 
ill patients: an observational study

Hatzl S, et al. Crit Care 2021

Single center observational study in Austria 132 COVID-19 in ICU, 57% with posaconazole prophylaxis

1/75 CAPA

1.3%*
9/57 CAPA

15.7%

CAPA+

CAPA-

Survival vs. CAPA Survival vs. AF

Inconclusive, RCTs required
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Consideration of PK/PD in anti-fungal

Jenks JD, et al. J Fungi 201836TDM: twice in the frist week



Laverdiere M, et al. Can J Infect Dis Med Microbiol 2014 

Paxlovid
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IDST recommendation for CAPA- 2023

39Wu HY, et al. JMII 2023



IDST recommendation for CAPA- 2023

40Wu HY, et al. JMII 2023



The Take Away…..
• Invasive pulmonary aspergillosis should be considered in ICU patients with 

specific risk factors
• Not only in patients with neutropenia
• Other host factors: COPD, cirrhosis, prolonged corticosteroid, influenza, COVID-19

• Pathophysiology of CAPA remains uncertain
• Airway epithelium damage following SARS-CoV-2 infection
• Corticosteroid, immunotherapy, immune dysfunction further increase the risk

• Diagnosis of IPA is based on host factors/clinical factors/mycology evidences
• Colonization is possible 
• Keep aspergillus tracheobronchitis in mind

• Galactomannan and Asp. PCR are not perfect diagnostic tools
• Combination may improve sensitivity and specificity
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The Take Away…..

• Treatment of choices is voriconazole for CAPA and IPA
• Alternative choices: isavuconazole and amphotericin B
• Treatment duration 6-12 weeks, depends on immune characteristics
• Consider prophylaxis after IPA treatment if immune suppression required

• Serum level of voriconazole/Posaconazole is highly variable
• Drug-drug interaction, critical illness, renal/hepatic dysfunction
• TDM is required in voriconazole and Posaconazole
• TDM twice in the first week, 
• Further TDM should be considered when

• Addition of interacting drug
• Unstable renal/liver function
• Treatment failure
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