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Abstract 

Purpose of the review 

Fungal spores are ubiquitously present in indoor and outdoor air.  A number can act as 

aeroallergens in IgE sensitized individuals and some thermotolerant fungi germinate in the 

lung where they can cause a combined allergic and infective stimulus leading to a number 

of clinical presentations characterized by evidence of lung damage.  We discuss which 

biomarkers are useful in helping to guide diagnosis, prognosis and treatment of allergic 

fungal airways disease (AFAD) and briefly review the evidence for a role of anti-fungals in 

the management of this condition. 

Recent findings 

Diagnostic biomarkers, such as specific IgEs and fungal culture, for AFAD are limited by 

sensitivity, although this may be improved with novel agents such as specific IgEs to fungal 

components and qPCR.  Total IgE and hyperoesinophilia are non-specific and do not clearly 

relate to disease activity.  High attenuation mucus and proximal bronchiectasis are specific, 

albeit insensitive markers of AFAD.   Biomarkers that predict prognosis and treatment 

response are yet to be defined. 

Summary 

This review summarises the fungi involved and the current debate regarding the 

diagnostic criteria to define fungal associated airway disease. We advocate the phasing out 

of the term allergic bronchopulmonary aspergillosis (ABPA) and the use of a more 

inclusive term such as allergic fungal airway disease (AFAD), together with a more liberal 

set of criteria based largely on IgE sensitization to thermotolerant fungi, which identifies 

those patients at risk of developing lung damage.   

KEYWORDS 
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1.0 Introduction: fungi and the lung 

Fungi can act as aeroallergens in those that are IgE sensitised and can cause a range of 

airway diseases by colonising the lung.  Allergen exposure to fungal spores, such as 

Alternaria alternata during the late summer and autumn months [1], has been associated 

with acute bronchospasm, asthma admissions and deaths [2, 3]. These fungi do not grow at 

body temperature so cannot germinate in the airway. Adverse events are therefore related 

to the level of spore exposure.  However, thermotolerant fungi such as  Aspergillus 

fumigatus can grow at body temperature, enabling them to colonise the lung.  Depending 

on the host airway response, fungal colonisation can exacerbate asthma, or cause chronic 

sinusitis, fungal bronchitis, chronic necrotizing pneumonia, fungal empyema, allergic 

alveolitis, or in people with pre-existing lung cavities, the development of a fungal ball 

(aspergilloma) (Figure 1) [4-9].  Lastly severely immunocompromised individuals can 

develop systemic infection.  This review will focus on the clinical aspects of the 

involvement of thermotolerant fungi in allergic airway disease. 

 

2.0 What is allergic fungal airway disease (AFAD)? 

Thermotolerant fungi are implicated in several different presentations of airways disease 

and there is no good term that encompasses them all (Figure 2).   Allergic 

bronchopulmonary aspergillosis (ABPA), the most common form of allergic 

bronchopulmonary mycosis (ABPM), originally described patients with asthma or cystic 

fibrosis (CF) who were IgE sensitised to A. fumigatus and presented with fleeting lung 

shadows, eosinophilic airway inflammation, and progressive lung damage with lung 

fibrosis, proximal bronchiectasis and fixed airflow obstruction [10].  A. fumigatus was 

frequently cultured from the sputum, total IgE was high and pathologically bronchocentric 

granulomatosis was found.  A set of criteria based on clinical experience were developed to 
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try and define this syndrome.  These were fleeting lung shadows, eosinophilia, evidence of 

IgE sensitisation to A. fumigatus, total IgE of >417 international units/ml (although 

1000IU/ml gives greater specificity), precipitating antibodies to A. fumigatus and proximal 

bronchiectasis.  Evidence of colonisation was not part of the major criteria even though it is 

thought to be the underlying cause of the condition [11].  It is relatively unusual for 

someone with asthma who is IgE sensitised to A. fumigatus to fulfil all these criteria. Some 

people don’t have good evidence of variable airflow obstruction and fleeting shadows are 

now unusual, due to the widespread use of high dose inhaled steroids reducing large 

airway inflammation. Total IgE may be below 417 IU/ml and precipitating antibodies to A. 

fumigatus are frequently not raised. Bronchiectasis, where present, is often not proximal 

and is a common feature of severe asthma without evidence of fungal sensitisation.  

Therefore only about 10% of people with asthma associated with IgE sensitisation to 

Aspergillus fulfil all the standard criteria for ABPA.  ABPA is, thus, considered unusual 

although sensitisation to fungi, particularly in severe asthma, is common [12, 13]. The 

diagnostic criteria for ABPA, at present, is unsatisfactory. Recently the International 

Society of Human and Animal Mycology (ISHAM) proposed a revision to this criteria [14**]. 

This criteria included 1) the presence of asthma or CF, 2) evidence of specific IgE to A. 

fumigatus and total IgE >1000 IU/ml and 3) at least two of: raised IgG antibodies to A 

fumigatus, abnormal radiology consistent with ABPA and an eosinophil count in steroid 

naïve patients of >0.5x109/l.  In an accompanying diagnostic algorithm, total IgE was 

central in distinguishing between ABPA and IgE sensitisation without ABPA.  Although less 

restrictive than the previous criteria there is still no gold standard for the diagnosis of 

ABPA against which to test the specificity and sensitivity of biomarkers. Ideally the 

immunological and radiological biomarkers should be tested against a fungal-specific 

outcome measure, but there are no features of fungal disease which are sufficiently specific 
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compared to asthma without fungal sensitisation.  There is limited evidence that the 

strength of the Th2 response, denoted by high total IgE and marked eosinophilia, 

correlates with disease severity in fungal asthma nor that these markers are able to guide 

management and improve outcomes.    A similar problem occurs with the label of severe 

asthma with fungal sensitisation (SAFS) which is largely separated from ABPA by using a 

total IgE of <1000 IU/ml as a cut off [15].  A more liberal diagnostic term to describe 

allergic fungal airway disease that would favour sensitivity over specificity would be more 

clinically useful than restrictive terms such as these.  One solution is to describe anyone 

with airways disease and IgE sensitisation to colonising fungi as having ABPA, grading  

them according to the degree of fungal related lung damage and symptom control.  

However it may not be possible to re-assign such a historically well-established label 

which relates to the florid end of the spectrum of fungal airway disease. Alternatively a 

term such as allergic fungal airway disease (AFAD) could be coined, which could be divided 

into mild, moderate, and severe and the term ABPA phased out or used to describe severe 

patients.  Overall the emphasis should be on determining which biomarkers of AFAD 

predict prognosis (particularly the risk of lung damage) and treatment response. 

 

3.0 Presentation of allergic fungal airway disease. 

Variable airflow obstruction caused by airway smooth muscle (ASM) contraction is 

pathognomic of asthma [16]. However, this is just one of the five pathophysiological 

endotypes that occur in asthma as well as other airways diseases, each with distinct 

pathologies, clinical presentation and response to treatment [17].  Heterogeneity exists 

within these presentations and these endotypes can coexist within the same patient or 

occur independently [18-20].  This is also true of fungal associated disease which can be a 

complication of a number of asthma endotypes and could be regarded as an endotype in its 
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own right [21], Figure 2.  Fungal IgE sensitisation is most commonly seen in ‘classical’ early 

onset atopic eosinophilic asthma. It is likely that sensitisation occurs in childhood whereas 

in adults it is associated with more severe disease [22]. Many patients with adult onset 

asthma are non-atopic, but a proportion are atopic; a minority of whom are sensitised to 

thermotolerant fungi. Fixed airflow obstruction can be seen in patients  presenting in their 

6th decade. This may be due to subclinical fungal colonisation causing progressive loss of 

lung function.  Clinical presentations of AFAD vary, including those presenting with lobar 

collapse due to mucus impaction, withperipheral blood eosinophilia pointing towards an 

allergic cause;  and fungal pneumonitis caused by a exposure to high levels of fungal spores 

- often in the context of gardening, leading to acute respiratory illness with pneumonic 

shadowing [23]. Heavy colonisation with filamentous fungi or yeasts can lead to a fungal 

bronchitis in patients with underlying airway disease, who  present with a cough 

productive of discoloured sputum, worsening symptoms and lung function. The sputum 

shows a heavy growth of fungi and the patient has a good and relatively quick response to 

a course of triazole antifungals. This presentation can occur in the absence of fungal IgE 

sensitisation [24]. Lastly occult fungal IgE sensitisation is a common cause of a marked 

eosinophilia and can present in patients with unexplained eosinophilia.  

 

4.0 Which fungi are involved? 

The fungal kingdom could contain as many as 1.5 to 3 million species [25, 26]. There are 8-

10 phyla within the kingdom [27] and fungal pathogens have evolved independently and 

repeatedly throughout [28]. Any fungi can be allergenic; however, the most common fungal 

allergens are those present in high levels either outdoors or in an occupational or 

residential setting.  Most are mesophilic (unable to grow at body temperature, with 

optimum growth occurring at 18-22 °C) and thrive in temperate climates. Thermophilic 
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fungi can grow at body temperature, but are unable to grow below 20 °C so are not present 

in the environment and are rarely associated with human infections. Thermotolerant fungi 

grow in the environment and at body temperature and are thus associated with human 

disease, including AFAD.  

Studies looking at fungal colonisation of the airways have mainly focused on CF patients 

[29, 30] with few studies on ABPA or asthma [31]. Many have not looked for fungi other 

than A. fumigatus; an exception being our study looking at 126 subjects with moderate to 

severe asthma [32]. A good review of non-Aspergillus fungi associated with ABPM has 

recently been published [33]. More than 600 fungal species have been recovered from 

human infections, with a core 200 seen regularly. In contrast the number associated with 

the respiratory system is far lower. The two fungi regularly seen are both Ascomycota (A. 

fumigatus and Candida albicans), however, fungi from the Ascomycota, Basidiomycota and 

the group formerly referred to as the Zygomycota have all been implicated (Table 1). 

Species from 22 fungal genera representing 14 families have been detected so far; and 

whilst not all of them have been shown to induce allergies, due in part to a lack of reagents 

with which to test, it is highly probable that most of them would be able to cause AFAD.  

Fungal culture is still the main way in which fungal agents are identified in the clinic; 

however, culture from respiratory samples, particularly sputum, could indicate 

colonisation of the airways or an upper airway contaminant [34]. Culture is notorious for 

being insensitive and biased towards the faster growing members of the <10% of the 

fungal Kingdom able to grow on general growth media. The use of selective media 

increases the number of fungi that can be detected [35]; however, it is the use of molecular 

culture-free tests that is likely to result in the greatest leap forward in our understanding 

of the fungi associated with AFAD [36]. 
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5.0 How important is exposure in causing allergic fungal airway disease? 

Epidemiological studies have associated dampness in the home with poor respiratory 

health and new onset asthma [37]. However whether the microbial content in the home is 

responsible for this is less clear-cut. Some studies have demonstrated a relationship with 

fungal exposure, others have not [38].  A case control study found no relationship between 

increased fungal exposure (as measured by fungal culture or concentrations of ergosterol 

and (1-3,1-6) beta-D-glucan in dust) and asthma in children, although levels of fungal 

exposure were relatively low [39]. Furthermore, high levels of yeast exposure in infancy 

have been shown to be protective for later development of asthma [40]. 

Increased airborne levels of A. fumigatus  have been associated with a positive sputum 

culture, but not IgE sensitisation to A. fumigatus in asthma, despite fungal concentrations 

being within the normal range for non-complaint housing [41].  The reasons for the lack of 

a consistent message may be due to the complexity of the relationship between fungal 

exposure and health outcomes.  Intervention studies are required to determine if reducing 

exposure to thermotolerant fungi benefits respiratory health [42].  

 

6.0 Biomarkers for the diagnosis of allergic fungal airway disease (AFAD). 

Biomarkers, whether used for diagnosis or prognosis, should be related directly to a 

disease process or pattern of response to treatment and be useful in predicting, preventing 

or reversing disease outcomes.  In the context of current asthma management, where 

potent inhaled steroids have reduced the risk of severe exacerbations, the most common 

abnormalities associated with AFAD are fixed airflow obstruction and bronchiectasis. 

These develop over many years making direct links to biomarkers difficult.  In addition 

there are few aspects of response to anti-fungal agents which can be used to determine the 

value of biomarkers in guiding treatment response.  
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6.1 Specific IgE 

The most useful biomarker for the diagnosis of AFAD is the presence of specific IgE to a 

thermotolerant fungus, particularly A. fumigatus. A skin prick test (SPT) or in vitro test 

(such a ImmunoCap) are used to measure sensitisation to fungi, however, discordance 

exists between the two tests [43].  SPTs are more insensitive with only 60% of subjects 

with a positive in vitro test having a positive SPT, although intradermal testing may 

increase sensitivity [13].  Cross-reactivity with clinically benign determinants may account 

for some of the discordance [44**]. In addition, fungal extracts are not standardized and 

are of variable quality.  

Considerable cross-reactivity exists between fungal allergens even between distantly 

related genera [45].  Pencillium species are commonly cultured from sputum. However, 

positive specific IgE to P. chrysogenum without positive IgE to A. fumigatus only occurs in 

around 5% of subjects.  About 15% of patients with fungal sensitisation to thermotolerant 

yeasts (Candida albicans, Malazzesia species and Trichophyton spp) are not sensitised to A. 

fumigatus (personal observation). However the relevance of these fungi to allergic airway 

disease is uncertain although yeasts, in particular C. albicans, are almost invariably 

cultured from sputum in asthma.  A positive specific IgE to A. fumigatus is associated with 

fixed airflow obstruction and bronchiectasis when compared with non-sensitised 

asthmatics of the same severity and is considered to be clinically relevant in isolation as 

well as a criterion for ABPA [13, 46, 47].  The use of recombinant proteins of fungal 

extracts might offer a better correlation with markers of disease activity [48, 49], although 

at present only Asp F1-6 are commercially available. Differences in the geographical 

prevalence of fungal sensitisation, the extent to which it is sought and differences in 

asthma phenotypes may explain the low rates of fungal sensitisation found in Europe 

(~10% in the ENFUMOSA cohort), the lack of identification of fungal sensitisation in the 
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USA severe asthma research programme (SARP) [50-52] and the variable rates of A. 

fumigatus sensitisation found between centres found in the UK-based British Thoracic 

Society severe asthma cohort [53].  For a comprehensive fungal assessment a panel for 

skin prick testing (where available) and specific IgE consisting of A. fumigatus, P. 

chrysogenum, C. albicans, Malassezia species, Trichophyton species, A. alternata and 

Cladosporium herbarum should be undertaken.   

6.2 Total IgE 

Total IgE has been used extensively as a biomarker for AFAD, in particular to define ABPA.  

A raised total IgE is almost invariably observed in AFAD and is reduced to a modest degree 

by oral steroids and possibly antifungal agents. However, there is little evidence that 

precise levels and repeated measurements relate sufficiently closely to be of value in 

assessing disease severity or activity [54].  A high total IgE is a feature of atopic dermatitis 

due to sensitiation to Malassezia spp and other skin fungi [55] which can confound the 

interpretation of total IgE in asthma. 

6.3 Specific IgG 

Current practice measures total A. fumigatus IgG rather than precipitating antibodies.  This 

is relatively non-specific, and may represent increased environmental exposure or 

colonisation. There is no evidence it provides additional information to specific IgE in the 

diagnosis of AFAD. 

6.4 Blood and sputum eosinophil count 

The peripheral blood eosinophil count is usually raised in fungal allergy, whichis one of the 

commoner causes of hypereosinophilia. It is, however, non-specific with blood eosinophilia 

not correlating wellwith disease activity [56]. A mixed Th2/Th1-17 immune response is 

suggested by lower values of sputum eosinophils in comparison to higher values of 

neutrophils found in people with refractory asthma who were sensitised to A. fumigatus; 
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despitecomparable blood eosinophilia [46]. Thus, sputum eosinophil values do not seem of 

significance in AFAD.  

6.5 Detection of fungi in airway secretions. 

Fungal colonization (as detected by growth from airway secretion) is thought to be the 

underlying event that leads to AFAD.  

6.5.1 Culture and qPCR 

There are no guidelines for processing respiratory samples for fungal detection.  Methods using 

higher concentrations of sputa have yielded higher rates of fungal culture than methods used by 

the UK National Health Service clinical laboratories [57, 58], with lower rates from healthy subjects 

suggesting good specificity [14, 28, 32].  This technique has demonstrated a link between 

impaired lung function and higher culture rates for fungi in IgE-sensitised asthmatics, and 

shown increased fungal diversity, detecting 27 species of thermotolerant fungi  [32]. 

During a 12 month clinical trial of voriconazole in asthma, 80% of A. fumigatus IgE 

sensitised asthmatics had at least one positive fungal culture [59*].  [59*].  However fungal 

culture is not very quantitative.  Quantitative PCR (qPCR) is an alternative means to detect 

Aspergillus spp which has been used mainly for the diagnosis of invasive aspergillosis.  It is 

very sensitive and potentially more quantitative compared with culture [57, 60, 61], 

however, assays are not available for all fungi that may be clinically relevant. The extent to 

which a positive qPCR relates to a clinically relevant outcome of AFAD has not yet been 

established.  

6.5.2 Cell wall components 

Galactomannan is a carbohydrate component of the cell wall of Aspergillus spp and other 

fungi and is used as a blood test to aid in the diagnosis of invasive fungal infection in 

neutropaenic individuals [62]. Galactomannan assays of BAL samples and antibody-based 

Aspergillus assays both provide reasonable sensitivity and specificity for the diagnosis of 

invasive pulmonary aspergillosis; whereas culture has been found to be insensitive and a 
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1,3, beta-d-glucan assay non-specific [63, 64*].  There is little information on the value of 

these assays in AFAD. 

6.5.3 Cytology and immunohistology 

Fungal spores seen in sputum cytospins often represent contaminants.  Fungal elements 

are rarely seen in bronchial biopsies; even in florid situations of fungal allergic responses, 

hyphae can be difficult to detect.  Other approaches such as measurement of fungal toxins, 

enzymes or volatile organic compounds in exhaled air have potential as sensitive, specific 

and quantitative biomarkers for the presence of fungal growth in the lung, but for the 

moment they remain in the realm of research [65]. 

 

7.0 Radiological abnormalities in AFAD 

A normal high resolution CT (HRCT) scan is unusual in AFAD and a wide range of 

radiological abnormalities exist (reviewed in [14**]).  No features are absolutely specific, 

however,  high attenuation mucus has been suggested to be characteristic [66], central or 

proximal bronchiectasis was an original defining characteristic of ABPA and is a specific, 

albeit insensitive marker of AFAD.  Upper lobe fibrosis is a feature which is often apparent 

on the CXR and is commonly associated with severe fixed airflow obstruction.  HRCT 

scanning has revealed that minor degrees of bronchiectasis are common in severe asthma 

and COPD. In two series there was about a two fold increase in the rate of bronchiectasis in 

patients with AFAD compared to asthmatics of matched severity without fungal 

sensitisation [46, 47].  The extent to which the presence and pattern of bronchiectasis 

relates to the immunological criteria for AFAD is not clear.  Tree in bud shadowing and 

nodularity are under-appreciated, but are a relatively common feature of AFAD. 

 

8.0 The role of anti-fungals in AFAD 
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There have been a number of reviews on the management of ABPA, although the evidence 

base for most interventions is weak and recommendations are coloured by individual 

experience and prejudice [67*-69].  As colonisation of the airway is thought to be the 

underlying trigger for AFAD including ABPA it would be expected that an anti-fungal agent 

would be effective therapy and triazoles, in particular, are widely used.  However the 

evidence base for the use of these agents is limited with four small randomized controlled 

trials, two conducted in an ABPA population, two in asthmatics with fungal sensitisation 

and none in CF.  The three trials that used itraconazole reported a positive outcome, 

although these improvements in clinical end points were minor and divergent between the 

studies, whilst our study which used voriconazole demonstrated no benefit in any of the 

measured outcomes [59*, 70-72]. Itraconazole markedly increases steroid bioavailability 

and the improvement seen with this drug may well be due to a steroid enhancing effect 

rather than its anti-fungal properties [73]. Voriconazole did not eliminate the growth of A. 

fumigatus from the sputum and rates of sputum positivity returned to pre-treatment levels 

within a few months of stopping the drug.  It is possible therefore that the lack of efficacy 

was due in part to a failure to clear the fungus from the lung. Although our study found no 

overall benefit, anecdotally there were some people, particularly those with a heavy 

growth of A. fumigatus, who cleared their sputum and had improved control which was 

maintained for a prolonged period. It may be that people with heavy colonisation of their 

airways are suffering from a primarily infective process and have an immediate response 

to antifungals whereas in those with low levels of colonisation the problem is primarily 

allergic which requires only minor amounts of non-viable fungal elements to cause 

problems. These patients are more likely to respond to anti-inflammatory drugs or 

immunotherapy than attempts at fungal eradication. In this regard omalizumab would be 

expected to be beneficial although its use is often limited by the high levels of IgE seen in 
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AFAD [74]. The modest if any benefit demonstrated with triazoles in clinical trials suggests 

that these drugs should be used cautiously in patients with AFAD, although we need better 

antifungal agents before a definitive view can be taken on the role of fungal colonisation in 

short-term disease control. These studies do not however inform about the role of fungal 

colonisation in causing lung damage which would require much longer studies.  

 

9.0 Conclusion 

Fungi can cause lung disease either by acting as simple aeroallergens in IgE-sensitised 

individuals or by colonising the lung, a property largely restricted to yeasts and Aspergillus 

and Penicillium spp, particularly A. fumigatus.  Colonisation with filamentous fungi is 

associated with a number of distinct patterns of airway disease and the focus on trying to 

define ABPA, which represents the florid end of what is a spectrum of lung disease, has in 

our opinion outlived its usefulness. We recommend a more liberal definition of allergic 

fungal airway disease (AFAD), based solely on the presence of IgE sensitisation to fungi 

and evidence of fungal-related lung damage.  Management of AFAD is similar to that of 

asthma without fungal sensitisation and depends on the individual pattern of presentation. 

The emphasis should be on detecting and preventing long-term lung damage which is the 

most characteristic feature of AFAD. Antifungals may have a place in selected individuals, 

especially those with heavy colonisation (fungal bronchitis).  A priority for research is to 

standardise and improve the methods for detection of non-invasive fungal growth in the 

lung and to determine the natural history of AFAD to ascertain whether fungal colonisation 

and sensitisation are truly causal or a by-product of lung damage.   

 

Summary Points 

1. Fungi cause lung disease by acting as aeroallergens or by colonising the lung. 
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2. A more liberal term is needed to encompass the spectrum of lung disease caused by 

fungi. 

3. Antifungals are of limited effectiveness, but may be effective in those with a fungal 

bronchitis. 

4. The emphasis should be on detecting and preventing long-term lung damage. 

 



 16 

10.0 References 

1. Pulimood TB, Corden JM, Bryden C et al. Epidemic asthma and the role of the fungal 

mold Alternaria alternata. J Allergy Clin Immunol. 2007;120(3):610-7. 

2. Black PN, Udy AA, Brodie SM. Sensitivity to fungal allergens is a risk factor for life-

threatening asthma. Allergy. 2000;55(5):501-4. 

3. Denning DW, O'Driscoll BR, Hogaboam CM et al. The link between fungi and severe 

asthma: a summary of the evidence. Eur Respir J. 2006;27(3):615-26. 

4. Knutsen AP, Bush RK, Demain JG et al. Fungi and allergic lower respiratory tract 

diseases. J Allergy Clin Immunol. 2012;129(2):280-91; quiz 292-3. 

5. Hamilos DL. Host-microbial interactions in patients with chronic rhinosinusitis. J 

Allergy Clin Immunol. 2014;133(3):640-53 e4. 

6. Hayes GE, Denning DW. Frequency, diagnosis and management of fungal respiratory 

infections. Curr Opin in Pulm Med. 2013;19(3):259-65 

7. Chotirmall SH, Al-Alawi M, Mirkovic B et al. Aspergillus-associated airway disease, 

inflammation, and the innate immune response. Biomed Res Int. 2013;2013:723129. 

8. Muniappan A, Tapias LF, Butala P et al. Surgical therapy of pulmonary aspergillomas: a 

30-year North American experience. Ann Thorac Surg. 2014;97(2):432-8. 

9. Selman M, Lacasse Y, Pardo A, Cormier Y. Hypersensitivity pneumonitis caused by 

fungi. Proc Am Thorac Soc. 2010;7(3):229-36. 

10. Hinson KF, Moon AJ, Plummer NS. Broncho-pulmonary aspergillosis; a review and a 

report of eight new cases. Thorax. 1952;7(4):317-33. 

11. Agarwal R. Allergic bronchopulmonary aspergillosis. Chest. 2009;135(3):805-26. 

12. O'Driscoll BR, Hopkinson LC, Denning DW. Mold sensitization is common amongst 

patients with severe asthma requiring multiple hospital admissions. BMC Pulm Med. 

2005;5:4. 



 17 

13. Agarwal R, Maskey D, Aggarwal AN et al. Diagnostic performance of various tests and 

criteria employed in allergic bronchopulmonary aspergillosis: a latent class analysis. PLoS 

One. 2013;8(4):e61105. 

14**. Agarwal R, Chakrabarti A, Shah A et al. Allergic bronchopulmonary aspergillosis: 

review of literature and proposal of new diagnostic and classification criteria. Clin Exp 

Allergy. 2013;43(8):850-73.  

Comprehensive review of ABPA focusing on the rationale for the current criteria for ABPA and 

suggesting a new more liberal basis for diagnosis. 

15. Hogan C, Denning DW. Allergic bronchopulmonary aspergillosis and related allergic 

syndromes. Semin Respir Crit Care Med. 2011;32(6):682-92. 

16. Hargreave FE, Nair P. The definition and diagnosis of asthma. Clin Exp Allergy. 

2009;39(11):1652-8. 

17. Pavord ID, Wardlaw AJ. The A to E of airway disease. Clin Exp Allergy. 2010;40(1):62-

7. 

18. Haldar P, Pavord ID, Shaw DE et al. Cluster analysis and clinical asthma phenotypes. 

Am J Respir Crit Care Med. 2008;178(3):218-24. 

19. Gonem S, Raj V, Wardlaw AJ et al. Phenotyping airways disease: an A to E approach. 

Clin Exp Allergy. 2012;42(12):1664-83. 

20. Blakey JD, Wardlaw AJ. What is severe asthma? Clin Exp Allergy. 2012;42(5):617-24. 

21. Lotvall J, Akdis CA, Bacharier LB et al. Asthma endotypes: a new approach to 

classification of disease entities within the asthma syndrome. J Allergy Clin Immunol. 

2011;127(2):355-60. 

22. Vicencio AG, Santiago MT, Tsirilakis K et al. Fungal sensitization in childhood 

persistent asthma is associated with disease severity. Pediatr Pulmonol. 2014;49(1):8-14. 

23. Russell K, Broadbridge C, Murray S, Waghorn D, Mahoney A. Gardening can seriously 

damage your health. Lancet. 2008;371(9629):2056. 



 18 

24. Baxter CG, Dunn G, Jones AM et al. Novel immunologic classification of aspergillosis in 

adult cystic fibrosis. J Allergy Clin Immunol. 2013;132(3):560-6 e10. 

25. Hawksworth DL. The magnitude of fungal diversity: the 1.5 million species estimate 

revisited. Mycol Res. 2001;105:1422-32. 

26. Hawksworth DL. Global species numbers of fungi: are tropical studies and molecular 

approaches contributing to a more robust estimate? Biodivers Conserv. 2012;21(9):2425-33. 

27. James TY, Kauff F, Schoch CL et al. Reconstructing the early evolution of Fungi using a 

six-gene phylogeny. Nature. 2006;443(7113):818-22. 

28. Heitman J. Microbial Pathogens in the Fungal Kingdom. Fungal Biol Rev. 

2011;25(1):48-60. 

29. Bakare N, Rickerts V, Bargon J, Just-Nubling G. Prevalence of Aspergillus fumigatus and 

other fungal species in the sputum of adult patients with cystic fibrosis. Mycoses. 2003;46(1-

2):19-23. 

30. Sudfeld CR, Dasenbrook EC, Merz WG et al. Prevalence and risk factors for recovery of 

filamentous fungi in individuals with cystic fibrosis. J Cyst Fibros. 2010;9(2):110-6. 

31. Vlahakis NE, Aksamit TR. Diagnosis and treatment of allergic bronchopulmonary 

aspergillosis. Mayo Clin Proc. 2001;76(9):930-8. 

32. Agbetile J, Fairs A, Desai D et al. Isolation of filamentous fungi from sputum in asthma 

is associated with reduced post-bronchodilator FEV1. Clin Exp Allergy. 2012;42(5):782–91. 

33. Chowdhary A, Agarwal K, Kathuria S et al. Allergic bronchopulmonary mycosis due to 

fungi other than Aspergillus: a global overview. Crit Rev Microbiol. 2014;40(1):30-48. 

34. Sercombe JK, Green BJ, Tovey ER. Recovery of germinating fungal conidia from the 

nasal cavity after environmental exposure. Aerobiologia. 2006;22(4):295-304. 

35. Pashley CH. Fungal Culture and Sensitisation in Asthma, Cystic Fibrosis and Chronic 

Obstructive Pulmonary Disorder: What Does It Tell Us? Mycopathologia. 2014. 



 19 

36. van Woerden HC, Gregory C, Brown R et al. Differences in fungi present in induced 

sputum samples from asthma patients and non-atopic controls: a community based case 

control study. BMC Infect Dis. 2013;13. 

37. Norback D, Zock JP, Plana E et al. Mould and dampness in dwelling places, and onset of 

asthma: the population-based cohort ECRHS. Occup Environ Medicine. 2013;70(5):325-31. 

38. Sharpe RA, Bearman N, Thornton CR et al. Indoor fungal diversity and asthma: A meta-

analysis and systematic review of risk factors. J Allergy Clin Immunol. 2014. 

Doi:10.1016/j.jaci2014.07.002 

39. Choi H, Byrne S, Larsen LS et al. Residential culturable fungi, (1-3, 1-6)-beta-d-glucan, 

and ergosterol concentrations in dust are not associated with asthma, rhinitis, or eczema 

diagnoses in children. Indoor air. 2014;24(2):158-70. 

40. Behbod B, Sordillo JE, Hoffman EB et al. Asthma & Allergy Development: Contrasting 

Influences of Yeasts & Other Fungal Exposures. Clin Exp Allergy. 2014. Doi: 

10.1111/cea.12401. 

41. Fairs A, Agbetile J, Bourne M et al. Isolation of Aspergillus fumigatus from sputum is 

associated with elevated airborne levels in homes of patients with asthma. Indoor air. 

2013;23(4):275-84. 

42. Sharpe R, Thornton CR, Osborne NJ. Modifiable factors governing indoor fungal 

diversity and risk of asthma. Clin Exp Allergy. 2014;44(5):631-41. 

43. O'Driscoll BR, Powell G, Chew F et al. Comparison of skin prick tests with specific 

serum immunoglobulin E in the diagnosis of fungal sensitization in patients with severe 

asthma. Clin Exp Allergy. 2009;39(11):1677-83. 

44**. Crameri R, Garbani M, Rhyner C, Huitema C. Fungi: the neglected allergenic sources. 

Allergy. 2014;69(2):176-85.  

Recent review from an expert in the field describing the state of the art in what is known about 

fungal allergens. 



 20 

45. Crameri R. The problem of cross-reactivity in the diagnosis of fungal allergy. Clin Exp 

Allergy. 2011;41(3):302-4. 

46. Fairs A, Agbetile J, Hargadon B et al. IgE sensitization to Aspergillus fumigatus is 

associated with reduced lung function in asthma. Am J Respir Crit Care Med. 

2010;182(11):1362-8. 

47. Menzies D, Holmes L, McCumesky G et al. Aspergillus sensitization is associated with 

airflow limitation and bronchiectasis in severe asthma. Allergy. 2011;66(5):679-85. 

48. Crameri R. Immunoglobulin E-binding autoantigens: biochemical characterization and 

clinical relevance. Clin Exp Allergy. 2012;42(3):343-51. 

49. Kurup VP, Banerjee B, Hemmann S et al. Selected recombinant Aspergillus fumigatus 

allergens bind specifically to IgE in ABPA. Clin Exp Allergy. 2000;30(7):988-93. 

50. The ENFUMOSA cross-sectional European multicentre study of the clinical phenotype 

of chronic severe asthma. European Network for Understanding Mechanisms of Severe 

Asthma. Eur Respir J. 2003;22(3):470-7. 

51. Moore WC, Bleecker ER, Curran-Everett D et al. Characterization of the severe asthma 

phenotype by the National Heart, Lung, and Blood Institute's Severe Asthma Research 

Program. J Allergy Clin Immunol. 2007;119(2):405-13. 

52. Kennedy JL, Heymann PW, Platts-Mills TA. The role of allergy in severe asthma. Clin 

Exp Allergy. 2012;42(5):659-69. 

53. Heaney LG, Brightling CE, Menzies-Gow A et al. Refractory asthma in the UK: cross-

sectional findings from a UK multicentre registry. Thorax. 2010;65(9):787-94. 

54. Ricketti AJ, Greenberger PA, Patterson R. Serum IgE as an important aid in 

management of allergic bronchopulmonary aspergillosis. J Allergy Clin Immunol. 

1984;74(1):68-71. 



 21 

55. Glatz M, Buchner M, von Bartenwerffer W et al. Malassezia spp.-specific 

Immunoglobulin E Level is a Marker for Severity of Atopic Dermatitis in Adults. Acta Derm 

Venereol. 2014. Doi: 10.2340/00015555-1864. 

56. Agarwal R, Khan A, Aggarwal AN, et al. Clinical relevance of peripheral blood 

eosinophil count in allergic bronchopulmonary aspergillosis. J Infect Public Health. 2011;4(5-

6):235-43. 

57. Fraczek MG, Kirwan MB, Moore CB et al. Volume dependency for culture of fungi from 

respiratory secretions and increased sensitivity of Aspergillus quantitative PCR. Mycoses. 

2014;57(2):69-78. 

58. Pashley CH, Fairs A, Morley JP et al. Routine processing procedures for isolating 

filamentous fungi from respiratory sputum samples may underestimate fungal prevalence. 

Med Mycol. 2012;50(4):433-8. 

59*. Agbetile J, Bourne M, Fairs A et al. Effectiveness of voriconazole in Aspergillus 

fumigatus associated asthma (EVITA3 study). J Allergy Clin Immunol. 2014;134(1):33-9.  

Only randomized controlled trial of voriconazole in asthma with fungal sensitization. The 

outcome was negative. 

60. Lass-Florl C, Follett SA, Moody A, Denning DW. Detection of Aspergillus in lung and 

other tissue samples using the MycAssay Aspergillus real-time PCR kit. Can J Microbiol. 

2011;57(9):765-8. 

61. Johnson GL, Bibby DF, Wong S et al. A MIQE-compliant real-time PCR assay for 

Aspergillus detection. PLoS One. 2012;7(7):e40022. 

62. Hoenigl M, Salzer HJ, Raggam RB et al. Impact of galactomannan testing on the 

prevalence of invasive aspergillosis in patients with hematological malignancies. Med Mycol. 

2012;50(3):266-9. 



 22 

63. Wiederhold NP, Najvar LK, Bocanegra R et al. Interlaboratory and interstudy 

reproducibility of a novel lateral-flow device and influence of antifungal therapy on detection 

of invasive pulmonary aspergillosis. J Clin Microbiol. 2013;51(2):459-65. 

64*. Prattes J, Flick H, Pruller F et al. Novel Tests for Diagnosis of Invasive Aspergillosis in 

Patients with Underlying Respiratory Diseases. Am J Respir Crit Care Med. 2014.   

Careful analysis of the sensitivity and specificity of the various methods for detecting fungi in the 

lung. 

65. Chambers ST, Scott-Thomas A, Epton M. Developments in novel breath tests for 

bacterial and fungal pulmonary infection. Curr Opin Pulm Med. 2012;18(3):228-32. 

66. Agarwal R, Khan A, Gupta D et al. An alternate method of classifying allergic 

bronchopulmonary aspergillosis based on high-attenuation mucus. PLoS One. 

2010;5(12):e15346. 

67*. Denning DW, Pashley C, Hartl D et al. Fungal allergy in asthma-state of the art and 

research needs. Clin Transl Allergy. 2014;4:14.   

A nice review of the priorities for research in the field of AFAD. 

68. Bains SN, Judson MA. Allergic bronchopulmonary aspergillosis. Clin Chest Med. 

2012;33(2):265-81. 

69. Mahdavinia M, Grammer LC. Management of allergic bronchopulmonary aspergillosis: 

a review and update. Ther Adv Respir Dis. 2012;6(3):173-87. 

70. Stevens DA, Schwartz HJ, Lee JY et al. A randomized trial of itraconazole in allergic 

bronchopulmonary aspergillosis. N Engl J Med. 2000;342(11):756-62. 

71. Wark PA, Hensley MJ, Saltos N et al. Anti-inflammatory effect of itraconazole in stable 

allergic bronchopulmonary aspergillosis: a randomized controlled trial. J Allergy Clin 

Immunol. 2003;111(5):952-7. 



 23 

72. Denning DW, O'Driscoll BR, Powell G et al. Randomized controlled trial of oral 

antifungal treatment for severe asthma with fungal sensitization: The Fungal Asthma 

Sensitization Trial (FAST) study. Am J Respir Crit Care Med. 2009;179(1):11-8. 

73. Raaska K, Niemi M, Neuvonen M et al. Plasma concentrations of inhaled budesonide 

and its effects on plasma cortisol are increased by the cytochrome P4503A4 inhibitor 

itraconazole. Clin Pharmacol Ther. 2002;72(4):362-9. 

74. Moss RB. The use of biological agents for the treatment of fungal asthma and allergic 

bronchopulmonary aspergillosis. Ann N Y Acad Sci. 2012;1272:49-57. 

75. Tillie-Leblond L, Tonnel A-B. Allergic bronchopulmonary aspergillosis. Allergy. 

2005;60:1004-13. 

76. Bafadhel M, McKenna S, Agbetile J et al. Aspergillus fumigatus during stable state and 

exacerbations of chronic obstructive pulmonary disease. Eur Respir J. 2014;43(1):64-71. 

77. Middleton PG, Chen SCA, Meyer W. Fungal infections and treatment in cystic fibrosis. 

Curr Opin Pulm Med. 2013;19(6):670-5. 

78. Nagano Y, Elborn JS, Miller BC et al. Comparison of techniques to examine the diversity 

of fungi in adult patients with cystic fibrosis. Med Mycol. 2010;48(1):166-76. 

79. Hibbett DS, Binder M, Bischoff JF, Blackwell M, Cannon PF, Eriksson OE, et al. A higher-

level phylogenetic classification of the Fungi. Mycol Res. 2007;111:509-47. 

 


