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Aspergillus

• A eukaryote, belong to 
Ascomycota 

• A largely saprophytic 
filamentous fungi

• Ca. 250 spp. only 20 
known associated with 
disease in human

• Genetically closely 
related to vertebrates

• Named after 
aspergillum, a holy 
water sprinkler, by 
Michelli, a priest & 
botanist

• modern taxonomist: 
toilet bowl brush 

Rokas A. Curr Biol. 2013; 23: R187

Two side of a coin 

Benefit 
• The “cell factories”, use in 

industry: 
– Fermentation in food 

production: soya, sake

– A. niger: citric acid

• Drug: A. terreus, source of 
the cholesterol lowering 
agent lovastatin.

• Recycling environmental 
carbon & nitrogen 

Harm 
• afla toxin produced 

by A. flavus
 Turkey X disease
 Billion dollar of crop 

(food) losses
 Cancer in human 

• Diseases: 
– lethally lung 

infection – acute 
invasive aspergillosis  
& chronic debilitating 
infection)

– Other anatomic sites
– Allergy - ABPA

Page et al., Med Mycol,2015; 53:417–39Rokas A. Curr Biol. 2013; 23: R187
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Aspergillus morphology

• A beautifully made 
structure consisting of 
hyphae, head & spore

• True hyphae forming  
web called mycelium

http://www.mycology.adelaide.edu.au/Fungal_Descriptions/Hyphomycetes_(hyaline)/Aspergillus/
http://thunderhouse4-yuri.blogspot.com/2012/02/aspergillus-flavus.html

Mycelium 

Aspergillus morphology 

culture

• Colorful filamentous fungi 

• Different color, different 
species 

microscopy

• True hyphae

• Vesicle 

• Conidiophore

• sterigma

• spores

http://thunderhouse4-yuri.blogspot.com/2012/02/aspergillus-flavus.html

http://www.scind.org/269/Science/some-commercially-important-microbial-species-.html

A. flavus 
A. niger
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reproduction

• A complicated way of reproduction

• Comprising of asexual, sexual and parasexual
stages

• The important for medical mycology is the 
result of the processes which produce a very 
tiny spore that release to the air and easily 
inhale to our respiratory system. 

Gibbons & Rokas, Trends Microbiol 2013

Where it grows 

• Ubiquitous in nature

• Grow in soil (mainly)

• grow in organic  (grain, 
rice)  & inorganic 
materials (wall of 
building)

• Its spore is largely 
distributed in the air 

• Mode of dissemination 
is wind

http://www.marvistavet.com/aspergillus.pml
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How it release its spore

• No special mechanism own by the fungi to 
release the spores

• By mechanical releasing mechanism then 
distributed by the wind

• small size; easily inhaled to the respiratory 
system 

• In immunocompetent host, the inhaled spores 
are easily eliminated by ciliary activity of 
bronchial epithelium 

Rokas A. Curr Biol. 2013; 23: R187

A. fumigatus 

• Grows in soil, compost, & other inorganic 
materials

• Survive in high temperature, e.g. peak 
temperature of compost production 

• Can survive human body temperature 

• Small conidia (2 to 3 μm), easily inhale & 
reach the lowest portion of the lung

• Consider the most pathogenic  

Latge JP. CMR 1999; 12: 310–50
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How conidia reach our respiratory system 

• conidia are blown by the 
wind

• Its small size facilitates 
inhalation

• the smaller the size of 
conidia, the easier it will 
reach the alveoli

• Depends on the 
condition of the immune 
system: eliminated or 
causes disease 

http://ripassofacile.blogspot.com/2017/09/riassunto-apparato-respiratorio.html
Schaffner et al., J. Clin. Investig. 1982;69:617–31

Dagenais & Keller CMR 2009;22: 447–65

Innate immunity activity in the elimination of A. fumigatus conidia 

Pres
en

ted
 at

 R
eg

ion
al 

MMTN 15
-18

 N
ov

 20
18

. 

© C
op

yri
gh

t o
f s

pe
ak

er.
 A

ll r
igh

ts 
res

erv
ed

.

http://ripassofacile.blogspot.com/2017/09/riassunto-apparato-respiratorio.html


12/12/2018

7

Modified from Kosmidis & Denning BMJ 2014

Interaction between Aspergillus & host

The response is based on immune status

Aspergillus Pulmonary infection 

• Acute pulmonary infection 

• Chronic pulmonary infection 

• Aspergiloma
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CHRONIC PULMONARY 
CPA  

CPA: epidemiology 

• affect > 3 million people worldwide,

• ~1.2 million have had tuberculosis.

(Denning – LIFE)
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THE MAIN CAUSE: A. FUMIGATUS

Other: A. flavus & A. niger, A. terreus

http://www.life-worldwide.org/assets/uploads/images/
https://www.inspq.qc.ca/node/484
http://medicinembbs.blogspot.com/2013/02/microscopic-morphology-of-aspergillus.html

A. flavus 

A. fumigatus 

A. niger

Kosmidis &  Denning. Thorax 2015;70:270–277
Maghrabi & Denning. Curr Fungal Infect Rep 2017; 11:242–251

Chronic Pulmonary Aspergillosis 

• long-term pulmonary aspergillosis, a slowly 
progresive & destructive disease, with never 
been improvement 

• individuals with a relatively normal immune 
system with  chronic pulmonary  disease

• from simple aspergilloma to chronic 

cavitary pulmonary aspergillosis (CCPA)

• ca. 5% are silent &  have no pulmonary disorder

Maghrabi & Denning. Curr Fungal Infect Rep 2017; 11:242–251
Godet et al. Respiration 2014;88:162–174
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Aspergilloma 

• Saprophytic fungi, 
that grow in the 
existing cavity causes 
by other diseases, 
mostly PTB

• Aspergillus is the
common cause . 

Latge JP. CMR 1999; 12: 310–50
http://pennstatehershey.adam.com/content.aspx?productId=112&pid=28&gid=000130

Aspergilloma – fungus ball

• The fungus grow as mass of hyphae embeded 
in protein-matrix , a connection with air way 
will stimulates formation of Aspergillus head 
ultimately produces sporulation 

• Usually symptomless, but the common 
symptom if any is hemophtysis that can be 
fatal

Latge JP. CMR 1999; 12: 310–50
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Denning et al. EJR Express 2015

Types 

CPA: pathogenesis 

• underlying condition that accomodates cavity 
formation or causes tissue damaged

• a fertile site for the grow of Aspergillus 

• Aspergillus destroyes lung tissues by invasion, 
production of protelytic enzymes, toxins and 
other metabolites that make things worse

Izumikawa et al. J Infect Chemother 2014
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CPA: underlying condition 

• Use of alcohol, tobacco abuse, suffer diabetes:
deterioration in local or systemic defenses against 
infection 

• bronchopulmonary disease – presence of cavity: 

– active PTB/ residual PTB

– bronchial dilatation, 

– Sarcoidosis

– COPD

– Surgically treated lung cancer

• prolonged use of low-dose oral or inhaled corticosteroids 

• absence of or presence of very little vascular invasion
Camuset et al., Chest 2017; 131: 1435-41
Smith & Denning. Eur. Respir. J. 2011; 37, 865–72.

Izumikawa et al. J Infect Chemother 2014

CNPA, chronic necrotizing pulmonary aspergilosis; CCPA, chronic cavitary pulmonary aspergilosis; SA, simple pulmonary aspergilloma  
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CONCLUSION:

o CPA almost always associated with chronic pulmonary 
disorders.

o persons with pre-existing chronic pathologic process in the 
lung are at risk of suffering from CPA

Smith  & Denning. Eur Respir J 2011;37:865–72

Clinical presentation 

• Aspergiloma

• Chronic cavitary pulmonary aspergillosis (CCPA)

• Chronic fibrosing pulmonary aspergillosis (CFPA)

• Sub acute invasive aspergillosis (SAIA)

• Aspergillus nodule 

• Pleural thickening 

Hayes & Novak-Frazer. J. Fungi. 2016

Muldoon et al. BMC Pulmonary Med. 2016; 16:123 
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CPA: Signs & symptoms

• Pulmonary disease that most of the time 
could not differ from other pulmonary 
infection 

• need other diagnostic information: 

– Imaging: cavity, nodule, pleural thickening  

– mycology investigations:  culture, serology 
(precipitin test)

Muldoon et al. BMC Pulmonary Med. 2016; 16:123 

Symptoms of patients with chronic aspergilosis 

modified from Izumikawa et al. J Infect Chemother 2014
Hedayati et al. Eur J Clin Microbiol Infect Dis. 2015; 34:1759–1765
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Godet et al. Respiration 2014;88:162–174

CPA: Diagnosis

• Symptoms lasting > 3 months, usually are 
weight loss, fatigue, cough, hemoptysis & 
breathlessness

• CX-rays showing cavities ≥ 1 or nodules (early)

• Often misdiagnose as recurrent TB

Godet et al. Respiration 2014;88:162–174 
Maghrabi & Denning. Curr Fungal Infect Rep 2017; 11:242–251
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CPA diagnosis: Laboratory investigation

• Sputum

– Direct: branched hyphae

– culture: positive rate ~ 25% 

– PCR: more sensitive 

• Key diagnostic: precipitin test to detect Ab-IgG 
anti Aspergillus) in serum/other body fluid

• Biopsy: 

– Conventional mycology (direct & culture) 

– histopathology

Godet et al. Respiration 2014;88:162–174 
Maghrabi & Denning. Curr Fungal Infect Rep 2017; 11:242–251

CPA diagnosis: Laboratory 
investigation

• Obtaining sputum: 

– Sometimes difficult 

– Induced sputum 

• if obtain sputum is difficult, may be 
bronchoscopy needed to get BAL 

• Investigation of acid fast bacilli is also 
important in addition of looking for 
Aspergillus (differential diagnosis)

Langridge et al. BMC Pulm Med. 2016;16(1):23., 
Richardson & Denning. J Infect Secur.2016;72(2):240–9.
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Conclusion: method of diagnosis 

Hayes & Novak-Frazer. J. Fungi. 2016 

CPA: treatment

• No codified treatment yet

• Bronchial artery embolization for hemoptysis

• Surgery: impairment of respiratory function or 
severity of comorbid does not allow surgery 
plus high morbidity & mortality. 

• Antifungal: 

– Itraconazole, voriconazole (older)

– Posaconazole, isavuconazole (newer)
Glimp & Bayer Arch Intern Med 1983; 143:303– 308; 
Park & Jheon Eur J Cardio Thorac Surg 2002;21:918–23 
Regnard et al. Ann Thorac Surg 2000; 69:898–903  
Patterson et al., IDSA guideline CID 2016:63 
Agarwal et al. Mycoses. 2013;56(5):559–70. 
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CPA treatment 

• Voriconazole is the first line for Aspergillosis 
therapy, but the obstacle is expensive & has 
many side effects 

• Itraconozole is preferred since for financial 
reason is more affordable 

• Isavuconazole: no published data yet

Glimp & Bayer Arch Intern Med 1983; 143:303– 308; 
Park & Jheon Eur J Cardio Thorac Surg 2002;21:918–23 
Regnard et al. Ann Thorac Surg 2000; 69:898–903  
Patterson et al., IDSA guideline CID 2016:63 
Agarwal et al. Mycoses. 2013;56(5):559–70.

Itraconazole

• The best choice, but long term use is challenging, 

• widely use for the treatment of aspergillosis,

• but difficult to absorb; with high fat meal & 
carbonated drinks

• antagonist to many drugs esp. with anti TB 
rifampicin

• Liver function monitoring 

• relapse is also complicates treatment 

Alastruey-Izquierdo A et al. Respiration 2018;96:159–170
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Case 

• A 60 yo lady with CCPA, post TB, hemopthisis
diagnosis was established based on clinical, 
laboratory (precipitin pos, Aspergillus 
isolated), CXR showed multiple cavity & 
bronchiectasy

• treated with 400 mg itraconazole/day for 6 
months, clinically patient getting better, but  

• Relaps after we stop the treatment

Wahyuningsih et al AFWG 2017 

Patient with underlying 
condition & infection  

Antibiotic 

No 
response

Response

Continue 
AB

Clinical 
information

Imaging 
Lab. result: 

mycology, TB 
(neg), IGg pos.

AF treatment: itraconazole, 
voriconazole
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Prognosis 

• CPA is often diagnosed late leads to improper 
treatment

• progresses toward worsening in line with 
pulmonary tissue destruction 

• Mortality rate is ca. 15-30%  in the first six 
months after diagnosis.

• Large volume hemoptysis is life threatening 

• What we can do is to halt the progressive lung 
tissue destruction  

Kosmidis & Denning . Thorax 2015;70:270–7
Kosmidis & Muldoon. Med Mycol. 2017; 55: 63–8 

TB in Asia 

• Asian countries, known for the high number of 
TB patients & the most is PTB. 

• India (27%), China (9%), Indonesia (8%), the 
Philippines (6%), Pakistan (5%), Bangladesh 
(4%)

• Damage lung tissue due to PTB is the  fertile 
ground for the grow of Aspergillus

• PTB is known to be the most important 
underlying disease for CPA

Global TB report, WHO 2018
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CPA in Asia 

• the high number of PTB's prevalence in Asia, 
makes us think that the prevalence of CPA is 
also high

• In resource limited setting: often 
misdiagnosed as recurrent TB 

• Often the laboratory result of  acid fast bacilli 
is negative but continue treated as PTB

Kosmidis & Denning . Thorax 2015;70:270–7
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CPA in Asia: India  

India is one of Asian countries with high TB prevalence, an important underlying 
factor for the development of CPA. 

Agarwal et al., PLoS ONE 2014; 9(12): e114745. 
doi:10.1371/journal.pone. 0114745

CPA in Asia: Indonesia

• Jakarta & surrounding cities: 

– 56 patients with TB (32 male, age range: 17-78 years), 10 
patients (17.9%) met criteria for CPA.

• Manado (Celebes): 

– 72 patients post TB, 25 (34.7 %) proven as CPA

Setianingrum et al., Poster, ISHAM meeting – Amsterdam 2018
Kurniawan et al., free paper Petri meeting, Bandung Oct 2018
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Conclusion 

• CPA is debilitated infection of the lung, which 
never show any clinical improvement 

• Underlying condition is important in the 
development of CPA

• In Asia, PTB is an important underlying disease

• Since PTB prevalence in Asia is high, there 
should be more attention to CPA

• Improvement alertness of doctors & 
laboratory skill

Thank you
MMTN Taipei November 15-18, 2018

Early morning in Jayapura, Papua, Indonesia 
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