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aspergillosis including simple aspergilloma
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ABSTRACT: Chronic pulmonary aspergillosis (CPA) is a condition caused by the ubiquitous

fungus Aspergillus fumigatus in non-immunocompromised individuals. Numerous underlying

conditions have been associated with CPA.

Details of the underlying conditions of 126 CPA patients attending our tertiary referral clinic

from all over the UK were extracted from the clinical notes, and the distribution of these

underlying conditions was analysed. For those with several underlying pulmonary conditions, one

was nominated as the primary condition.

Many patients presented with multiple underlying conditions, and a total of 232 underlying

conditions were identified for the 126 patients. Previous classical tuberculosis and non-

tuberculous mycobacterial infection were the most common primary underlying conditions

(15.3% and 14.9%, respectively). Others included allergic bronchopulmonary aspergillosis

(ABPA), chronic obstructive pulmonary condition (COPD) and/or emphysema, pneumothorax

and prior treated lung cancer. Some conditions were found more often as one of multiple

underlying conditions, while others were found only as secondary underlying conditions.

Tuberculosis, non-tuberculous mycobacterial infection and ABPA remain the predominant risk

factors for development of CPA, with COPD, prior pneumothorax or treated lung cancer also

relatively common among our referrals. Many patients have multiple underlying pulmonary

conditions. CPA should be considered when upper lobe cavitary or fibrotic disease and systemic

symptoms are present in those with lung disease.

KEYWORDS: Aspergilloma, chronic necrotising pulmonary aspergillosis, itraconazole, lung

carcinoma, non-tuberculous mycobacteria

M
ultiple diseases are caused by Aspergillus
fumigatus, an opportunistic pathogen and
allergenic fungus. Estimates suggest that

humans inhale several hundred spores each day
[1]. In most people these are cleared without
causing disease. However, in atopic individuals,
A. fumigatus can cause allergic bronchopulmonary
aspergillosis (ABPA). It can cause acute and sub-
acute invasive disease in immunocompromised
patients, and chronic pulmonary aspergillosis
(CPA) in non-immunocompromised patients. In
CPA, Aspergillus gradually destroys lung tissue,
resulting in the formation and expansion of
cavities. These may contain a fungal ball (asper-
gilloma) [2, 3]. If untreated, destruction can
eventually encompass an entire lobe or lung;
even with treatment, the morbidity and mortality
of CPA remains high [3, 4]. Patients require long-
term maintenance antifungal therapy to prevent
relapse and many continue to have some
disability, for example fatigue and intermittent
secondary infections of remaining pulmonary
cavities [4].

Prior pulmonary conditions are often evident in
CPA patients [4, 5]. Knowledge of the relative
frequencies of these is important for clinicians to
facilitate awareness, and for quicker disease
identification and earlier treatment. Currently,
many cases are diagnosed late in their course.
Studies following 18–24 patients have identified
multiple underlying conditions, including tuber-
culosis, emphysema, COPD, pneumothorax and
previous thoracic surgery [4, 5]. A population
estimate of CPA numbers requires a larger
experience than this. Therefore, we analysed the
underlying conditions for 126 patients with CPA,
including simple aspergillomas, attending our
referral clinic.

METHODS
Patients attending the National Aspergillosis Cen-
tre (North West Lung Centre, University Hospital
of South Manchester, Wythenshawe Hospital,
Manchester, UK) from 2002 to November 23,
2009 with physician-diagnosed CPA or simple
aspergilloma were analysed. The referral base has
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gradually widened from the Manchester area to the Northwest
of England and is currently national. The North West Lung
Centre (26,000 attendances per yr) serves 350,000 people in the
local population and 6.3 million people within the North West,
who live in a disadvantaged area with a high burden of lung
disease (e.g. standardised mortality ratio for COPD locally
is 170).

CPA was defined as non-immunocompromised patients with
the presence of: 1) at least one pulmonary cavity on thoracic
imaging; 2) positive anti-aspergillus immunoglobulin G anti-
bodies (precipitins) in blood, cultures or biopsy implicating
Aspergillus spp; and 3) either symptoms (usually weight
loss, fatigue, cough, haemoptysis and breathlessness) for
.3 months, with slowly progressive destruction of the lung
with or without one or more fungal ball in a cavity (chronic
cavitary pulmonary aspergillosis (CCPA), or chronic fibrosing
pulmonary aspergillosis (CFPA)), or a fungal ball in a cavity
without evidence of progression and few or no symptoms
(simple aspergillomas) (table 1) [4, 6]. Immunocompromised
patients (i.e. those with rheumatoid arthritis receiving oral
prednisolone .7.5 mg?day-1 or other immunosuppression, or
HIV infection with CD4 count ,200 cells?mL-1) were excluded.
Therefore, we did not include patients with sub-acute invasive
aspergillosis (SAIA), also known as chronic necrotising
pulmonary aspergillosis. Patients who presented with acute
invasive aspergillosis and who went on to develop CPA
because of incomplete resolution of invasive disease were also
excluded. There were three such patients. Details of the
underlying conditions were extracted from the notes of
patients, and the frequency of these conditions was analysed.
The underlying conditions were documented as fully as
possible using details from the referring physician and, in

the case of chronic obstructive pulmonary disease (COPD)
and/or emphysema, both radiologically by computed tomo-
graphy of the thorax and by pulmonary function tests. Where
many underlying conditions were present simultaneously, a
clinical decision was made (D.W. Denning) as to which was the
earliest and/or predominant factor in the development of
CPA. This was termed the primary underlying condition.

RESULTS
Patient demographics are shown in table 2. Most patients were
white (89.7%), and the mean age at analysis was 59 yrs 8 months
(n5109), although there was a wide age range (27 yrs 2 months
to 86 yrs 8 months). Most patients presented with CCPA
(88.9%). Figure 1 shows four radiological examples of CCPA.

A total of 232 underlying conditions were identified for the 126
CPA cases analysed. For each case, one primary underlying
condition was identified. The frequency of each disease as an
underlying condition and as a primary underlying condition is
listed in table 3.

Previous tuberculosis (either classical or atypical) was the most
commonly identified primary underlying condition (38 (30.2%)
out of 126 cases). The relative ratio of non-tuberculous myco-
bacterial infection (14.9%) to classical tuberculosis (15.3%) was
much higher than nationally reported figures. The second
common, primary underlying condition was ABPA (15 (11.9%)
out of 126 cases). Other less common primary underlying
conditions included COPD and/or emphysema (12 (9.5%) out
of 126 cases), a history of pneumothorax (12 (9.5%) out of 126),
prior treated lung cancer (12 (9.5%) out of 126), pneumonia (10
(7.9%) out of 126), rheumatoid arthritis without immunocom-
promise (four (3.2%) out of 126) and severe asthma with fungal
sensitisation (SAFS; two (1.6%) out of 126).

TABLE 1 Glossary of terms

Term Definition

Aspergilloma An approximately spherical shadow with surrounding air, also called a fungal ball, in a pulmonary cavity, with serological or

microbiological evidence that Aspergillus spp. is present in the material. This is a radiological or morphological description,

not a disease descriptor

Simple aspergilloma Single pulmonary cavity containing a fungal ball, with serological or microbiological evidence implicating Aspergillus spp. in a

non-immunocompromised patient with minor or no symptoms and no radiological progression over at least 3 months of observation

Chronic cavitary pulmonary

aspergillosis

One or more pulmonary cavities which may or may not contain a fungal ball, with serological or microbiological evidence implicating

Aspergillus spp. in a non-immunocompromised patient (or one whose immunocompromising condition has remitted or is trivial) with

significant pulmonary or systemic symptoms and overt radiological progression (new cavities, increasing pericavity infiltrates or

increasing fibrosis) over at least 3 months of observation. If biopsy of the affected area is performed, it demonstrates hyphae with

surrounding chronic inflammation and fibrosis but not tissue invasion

Chronic fibrosing pulmonary

aspergillosis

Severe fibrotic destruction of at least two lobes of lung complicating chronic cavitary pulmonary aspergillosis leading to a major loss

of lung function. Usually the fibrosis is in the form of consolidation, but it may be large cavities with surrounding fibrosis. Severe

fibrotic destruction of one lobe with a cavity is simply referred to as chronic cavitary pulmonary aspergillosis affecting that lobe

Subacute invasive aspergillosis or

chronic necrotising pulmonary

aspergillosis

Invasive aspergillosis, usually in mildly immunocompromised patients, occurring over 1–3 months, with marked pleitrophic

radiological features (cavitation, nodules and progressive consolidation with ‘‘abscess formation’’), with hyphae visible in

destroyed lung tissue or inferred from microbiological investigations (i.e. positive Aspergillus antigen) and pace of disease

Acute invasive aspergillosis Invasive aspergillosis, usually in markedly immunocompromised patients, occurring over ,1 month. May be angioinvasive or not.

Radiological features include nodules or progressive consolidation often with a ‘‘halo’’ sign inferring angioinvasive disease, cavity (or

air crescent) formation, pleural effusion and miliary appearance (if associated with massive spore exposure). If biopsy is performed,

hyphae are visible in destroyed lung tissue. Most diagnoses inferred from typical radiological appearances on computed tomography

scanning, microbiological investigations (i.e. positive Aspergillus antigen), immunocompromised status and rapid pace of disease
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Of all the 232 underlying conditions identified for 126 CPA
cases, COPD/emphysema was the most common (42 (33.3%)
out of 126). Classical tuberculosis and non-tuberculous myco-
bacterial infection were also very common (41 (32.5%) out of
126), as were pneumothorax (21 (16.7%) out of 126), pneumonia
(28 (22.2%) out of 126) and asthma (13 (10.3%) out of 126).

The underlying condition distribution for simple aspergilloma
(n510) was similar. Tuberculosis (classical and atypical) again
accounted for 30% of cases (three out of 10). Pneumonia was
identified as the primary underlying condition in 20% of cases
(two out of 10), while pneumothorax, bullae, ABPA, sarcoi-
dosis and previously cured lung cancer were each identified
as the primary underlying condition in one patient each
(10%). In addition to these, thoracic surgery, SAFS, asthma
and bullae were each identified as secondary underlying
conditions.

17 patients were deceased at the time of analysis. The mean age
at death was 63 yrs 10 months. In eight patients the cause of
death was not ascertained as they did not die in hospital. For the
causes of death that were ascertained, pneumonia was the most
common cause of death (five (55.5%) out of nine), complicated
by acute respiratory distress syndrome in one patient. One
patient each died of severe sepsis without pneumonia, cardiac
arrest, lung cancer and respiratory failure.

DISCUSSION
Analysis of the underlying conditions was complicated as
many patients presented with multiple underlying conditions
at the time of diagnosis with CPA. 232 underlying conditions
were identified in 126 analysed cases of CPA, resulting in a
mean (range) of 1.8 (1–4) underlying conditions per CPA case.
For cases of simple aspergilloma in particular, a mean (range)
of 1.6 (1–3) conditions per case was identified.

Other reports have also identified multiple underlying conditions
for CPA cases [3, 4]. DENNING et al. [4] identified a mean (range) of
2.05 (1–3) conditions per CPA case, while CAMUSET et al. [5]
identified a mean of 1.7 conditions per patient. The study by
DENNING et al. [4] included patients with CCPA, SAIA and
aspergilloma while the study by CAMUSET et al. [5] included
patients with CCPA and SAIA. Our study includes patients with:
CCPA; CCPA and CFPA; and simple aspergillomas. The reader
should remain aware that although both previous studies listed
all the underlying conditions identified for the patients, no
attempt was made to identify which was the primary underlying
condition. In our study, we similarly identified all the underlying
conditions for each case of CPA. However, an effort was also
made to determine which was the most important, the primary
cause of the CPA and, although in most instances this was
apparently straightforward based on the temporal sequence and
severity of prior condition, this categorisation should be regarded
as intrinsically arbitrary.

Tuberculosis
As with previous studies, we found that both non-tuberculous
and classical tuberculosis were very common, being identified
as an underlying condition in 32.5% (41 out of 126) of patients
[3–13]. Where it was identified it was usually designated as the
primary underlying condition (38 out of 41 tuberculosis cases).
Thus, tuberculosis was the most common primary underlying
condition, accounting for 38 (30.2%) out of 126 of the CPA cases.

Our finding is lower than in previous studies, which identified
tuberculosis as an underlying condition in 50–72% of CPA
patients [4, 5, 10]. This difference is probably due to the fact
that these studies only analysed 18–25 patients, while we
analysed 126 patients. The difference could also reflect a
decreasing prevalence of tuberculosis, as our study finished
more recently than the other studies. Larger studies have been
carried out to investigate aspergillomas in particular. A UK
study found tuberculosis (non-tuberculous or classical) to be
an underlying condition in 31.2% (27 out of 85) of patients, a
result that is similar to ours [7]. This supports the idea that the
differences seen in the other studies are due to the small
sample sizes used, or specialised referral patterns. Studies of
aspergillomas in Taiwan, South Korea and India identified
tuberculosis as the aetiological factor in up to 93% of cases of
CPA [8, 9, 14]. This high level of tuberculosis as an underlying
condition probably reflects the fact that tuberculosis is more
prevalent in India and Taiwan than in the UK.

The importance of tuberculosis in the development of aspergil-
losis is supported by the results from studies of tuberculosis
patients. These studies have found that out of 544 patients who
were left with a residual cavity o2.5 cm 1 yr after cured
tuberculosis, 36% had positive Aspergillus antibodies and 22%
had radiological aspergillomas after 3 yrs [11, 12]. At the time

TABLE 2 Patient demographics and manifestation of
pulmonary aspergillosis

Subjects n 126 (100)

Alive 109 (86.5)

Deceased 17 (13.5)

Age

Alive 59 yrs 8 months

(27 yrs 2 months–86 yrs 8 months)

Deceased, age at death 63 yrs 10 months

(49 yrs 7 months –75 yrs 5 months)

Sex

Male 75 (59.5)

Female 51 (40.5)

Ethnicity

White British or White Irish 111 (88.1)

White Danish 1 (0.8)

Any other White background 1 (0.8)

Asian/Asian British (Indian), Indian

or Gujarti

4 (3.2)

Black/Black British (African),

Zimbabwean or Kenyan

3 (2.4)

Black (Caribbean) 1 (0.8)

Jamaican 1 (0.8)

Unknown 4 (3.2)

Disease

Simple aspergilloma 10 (7.9)

CCPA¡aspergilloma 112 (88.9)

CCPA+CFPA 4 (3.2)

Data are presented as n (%) or mean (range). CCPA: chronic cavitary

pulmonary aspergillosis; CFPA: chronic fibrosing pulmonary aspergillosis.
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that these reports were published, CCPA without a fungal ball
present on chest radiograph was not separated from aspergil-
loma, so these reports probably contain cases of what we now
recognise as CCPA, SAIA and CFPA, as well as simple

aspergilloma cases. Given that 21–35% of patients who survive
pulmonary tuberculosis have residual cavities [15, 16] it
implies that 8–12% patients who recover from classical
tuberculosis develop CPA over 4 yrs. However, this figure

a) b)

c) d)

FIGURE 1. Radiological examples of chronic cavitary pulmonary aspergillosis. a) A typical fungal ball in a cavity related to idiopathic kyphoscoliosis which presented

with life-threatening haemoptysis. b) The left apex with marked pleural thickening, a single large cavity without a fungal ball, which presented several years after a

spontaneous pneumothorax with marked coughing and severe fatigue. c) Multiple cavities without any evidence of a fungal ball in a patient who had suffered from multiple

chest infections during her life, resulting in an unsuccessful partial right lower lobectomy 45 yrs earlier. d) Multiple empty cavities completely replacing the right lung with

remarkably little pleural thickening on a computed tomography image in an African-Asian female who had tuberculosis .10 yrs earlier and presented with weight loss and

breathlessness.
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may be excessively high for the UK as clinical experience in the
management of pulmonary tuberculosis would estimate the
rate of residual cavities to be lower. One study identified
aspergillus co-infection in 14 (10%) out of 136 cases of
Mycobacterium xenopi pulmonary infection [17], while another
found that aspergillosis developed in 4% of 302 patients with
M. kansasii infections [18].

Of note, the proportion of non-tuberculous mycobacterial
infection and classical tuberculosis found in our study is very
different from the relative frequencies of these entities in the
UK, with a much higher frequency of non-tuberculous
mycobacterial infection being found in our patients. This has
also been found in previous studies [4, 5].

ABPA, SAFS and asthma
After tuberculosis, the second most common primary under-
lying condition was ABPA. This was identified as an under-
lying condition in 18 (14.3%) out of 126 CPA cases. In 15
(11.9%) out of 126 CPA cases it was the primary underlying
condition, highlighting its importance. Case reports of co-
existent ABPA and CPA have been documented and one study
of aspergillomas identified ABPA as an underlying condition
in 11.8% (10 out of 85) of the cases reviewed [3, 7, 18, 19], which
is similar to our findings.

SAFS was identified as an underlying condition in three
(2.4%) out of 126 of our patients, and was found to be the
primary underlying condition for 1.6% (two out of 126) of

TABLE 3 Underlying conditions identified in analysed chronic pulmonary aspergillosis (CPA) cases and comparison to literature

Underlying condition Frequency of 126 CPA cases Notes Previous reports of incidences of being an
underlying disease for CPA

Total As primary

Classical tuberculosis 21 (16.7) 20 (15.9) One also had thoracic surgery and is also
recorded in this category

For TB and/or atypical TB: 9/18 (50%) of
CPA cases [4]

Non-tuberculous mycobacterial
infection

20 (15.9) 18 (14.3) M. malmoense (n57), M. avium (n52),
M. avium intracellularae (n51), M. kansasii (n52),
M. xenopi (n52), unidentified (primary n52, in all

n53), M. fortuitum (n51 in all), both M. avium
+ M. malmoense (n52)

13/24 (54%) of CPA cases [5]
27/85 (31.2%) of aspergilloma cases [7]
54/67 (80.6%) of aspergilloma cases [8]"

31/41 (75.6%) of aspergilloma cases [9]+

ABPA¡asthma 18 (14.3) 15 (11.9) Two are cases of probable ABPA; these had asthma
Five ABPA cases were without asthma recorded in

the notes

10/85 (11.8%) of aspergilloma cases [7]

COPD and/or emphysema¡bullae 42 (33.3) 12 (9.5) Five of the COPD patients also had bullae 10/18 (55.5%) of CPA cases [4]
10/24 (42%) of CPA cases [5]

Pneumothorax¡bullae 21 (16.7) 12 (9.5) Six pneumothorax patients also had bullae 3/18 (16.6%) of CPA cases [4]
3/24 (12%) of CPA cases [5]

Lung cancer survivor 13 (10.3) 12 (9.5) Six patients also had thoracic surgery, four also had
COPD and/or emphysema

They are also recorded in these categories

No published data, but data for thoracic
surgery, COPD and chest radiotherapy

Pneumonia# 28 (22.2) 10 (7.9) One is community-acquired Aspergillus pneumonia
in non-immunocompromised patients (both cate-

gories)

3/25 (12%) of aspergilloma cases [10]1

8/85 (9.4%) of aspergilloma cases [7]e

Sarcoidosis 9 (7.1) 9 (7.1) 4/24 (17%) of CPA cases [5]
4/25 (16%) of aspergilloma cases [10]

10/85 (11.8%) of aspergilloma cases [7]
Thoracic surgery 18 (14.3) 6 (4.8) Six were cases of surgery for lung cancer, one was

for TB, these patients are also included in the TB
and lung cancer categories

They did not have thoracic surgery as the primary
underlying condition

2/18 (11.1%) of CPA cases [4]
2/24 (8%) of CPA patients [5]

Rheumatoid arthritis, no immuno-
suppression

5 (4.0) 4 (3.2) 2/85 (2.4%) of aspergilloma cases [7]

Asthma, no ABPA or SAFS 13 (10.3) 3 (2.4) This group does not include patients with SAFS or
ABPA, even though these also have asthma

1/18 (5.6%) of CPA cases [4]
3/24 (12%) of CPA cases [5]

SAFS+asthma 3 (2.4) 2 (1.6) No published data; only recently recognised
as separate entity to ABPA

Bullae, no COPD and no
pneumothorax

2 (1.6) 1 (0.8) This group does not include patients with pneu-
mothorax+bullae or COPD+bullae

No published data on bullae alone, but one
case of multiple bullae with pneumothorax

and emphysema [4]
SAIA 1 (0.8) 1 (0.8) This patient developed SAIA as a result of

immunosuppressants for autoimmune
hepatitis, which then led to CCPA

No published data; may be due to variations
in condition classification/nomenclature

One report of CCPA progressing to SAIA [4]
Ankylosing spondylitis/

Kyphoscoliosis
5 (4.0) 0 (0) Four are kyphoscoliosis and one is ankylosing

spondylitis
2/85 (2.4%) of aspergilloma cases [7]

2/18 (11.1%) of CPA cases [4]
Other 7 (5.6) 0 (0) Includes alcohol excess (n52), chest radiotherapy

(n51), dextrocardia (n51), smoke inhalation (n52)
and HIV (n51)

2/18 (11.1%) of CPA cases [4]
2/24 (8%) of CPA patients [5]

None 1 (0.8) 1 (0.8) For one patient no underlying condition could be
identified

9/59 in a review of CNPA cases [3]

Total n 232 126

Data are presented as n (%), unless otherwise stated. ABPA: allergic bronchopulmonary aspergillosis; COPD: chronic obstructive pulmonary disease; SAFS: severe asthma with fungal
sensitisation; SAIA: subacute invasive aspergillosis; TB: tuberculosis; CCPA: chronic cavitary pulmonary aspergillosis; CNPA: chronic necrotising pulmonary aspergillosis.
#: community-acquired pneumonia requiring hospitalisation; ": Taiwanese study; +: Indian study; 1: Pneumocystis carinii pneumonia; e: pneumonia and lung abscess.
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the CPA cases [20]. This has not been reported previously,
but this is probably due to the fact that it has only recently
been recognised as a subset of severe asthma separate from
ABPA.

Asthma, without ABPA or SAFS, was identified in 10.3%
(13 out of 126) of the patients. It was identified as the primary
underlying condition in 2.4% (three out of 126) of CPA cases.
Asthma has been previously identified in 5.6–12% of CPA
patients [3–5]. The fact that it is a relatively common under-
lying condition but a rare primary underlying condition
suggests that, rather than the presence of asthma itself, it is
the interaction of the asthma with other lung conditions that
predisposes patients to CPA.

COPD and/or emphysema
For this study, COPD and emphysema were classed as the
same condition, thus patients whose notes recorded both were
only classified as having COPD and/or emphysema once.
Overall, COPD and/or emphysema were the most common
underlying condition, identified in one third of patients
(42 (33.3%) out of 126). Five of these patients also had bullae.
COPD and/or emphysema have been previously identified as
underlying conditions in 42–66.9% of CPA patients [3–5],
which is similar to our results.

As well as being a common underlying condition, COPD/
emphysema was identified as a primary underlying condition
in 9.5% (12 out of 126) of the CPA patients analysed. COPD
and emphysema are very common lung conditions, and as
such it is not surprising that they are found in a large
proportion of the CPA patients. However, the fact that they
were identified as primary underlying conditions demon-
strates that they are not only a co-morbidity, but actually
contribute to the development of CPA. Recent data indicate a
substantial increase in diagnosed acute invasive pulmonary
aspergillosis (IPA) in COPD, which has a 95% mortality rate
[21, 22]. Transformation from CPA to acute IPA following an
exacerbation of COPD which is treated with corticosteroids is
possible.

Pneumonia
Pneumonia has been identified as a predisposing factor for
aspergilloma in two previous studies. One identified
Pneumocystis carinii pneumonia in 12% of aspergilloma cases,
while another identified pneumonia and lung abscess in 9.4%
of aspergilloma cases [7, 10]. Our study identified previous
pneumonia as an underlying condition in 22.2% (28 out of 126)
of the CPA patients analysed. In 7.9% of patients, it was found
to be the primary underlying condition. Interestingly, one of
these was a case of community-acquired aspergillus pneumo-
nia in a non-immunocompromised patient.

Sarcoidosis
Sarcoidosis has been previously identified as a predisposing
factor for CPA, with a number of case reports having been
published [19, 23]. Cohort studies have identified sarcoidosis as
an underlying condition in 11.8–17% of CPA patients [5, 7, 10];
these studies involved 24–85 patients, with the study of 85
patients reporting 11.8%. The fact that the other studies are higher
is probably due to the small patient numbers. In our study, nine
(7.1%) patients presented with sarcoidosis as an underlying

condition. In all nine patients sarcoidosis was identified as the
primary underlying condition. This suggests that while not the
most common underlying condition, where sarcoidosis is present
it is the main reason for the development of CPA.

The importance of sarcoidosis in the development of CPA
has been identified previously. A study that followed 100
sarcoidosis patients over a 10-yr period found that 10%
developed aspergillomas; a partial estimate of CPA cases as
not all will develop fungus balls [24]. The overall incidence
rate per 100,000 person-yrs is estimated at 5 for sarcoidosis,
suggesting that 3,000 new cases are diagnosed each year in the
UK [25]. If 10% of these develop aspergilloma then we should
expect at least 300 new aspergilloma cases each year in this
population.

Pneumothorax
Pneumothorax (¡bullae) was identified in 16.7% (21 out of 126)
of our CPA patients. Six of these patients had pneumothorax
plus bullae, while the remainder had pneumothorax without
bullae. In 9.5% (12 out of 126) of patients, pneumothorax was
found to be the primary underlying condition. History of
pneumothorax has been identified previously in 11.1–12% of
CPA cases, of which one case also had multiple bullae [4, 5]. The
numbers of patients in these studies are much lower than in
ours, but they demonstrate that pneumothorax is an important
predisposing factor for CPA.

Lung cancer and thoracic surgery
Prior treated lung cancer was identified in 13 (10.3%) out of 126
of the analysed CPA cases. Of these, 12 were cases where it
was the primary underlying condition. This is likely to partly
be a result of the treatment, which may include chemotherapy,
chest radiotherapy and/or thoracic surgery. Chemotherapy,
chest radiography and thoracic surgery have been identified as
predisposing factors for CPA previously [3–5]. In addition,
COPD is a common co-existing condition in those with lung
cancer and was common, but not universal, in our patients. We
recognise that this is a somewhat arbitrary choice of underlying
disease but we feel it reflects burden of disease more than a
simple COPD label.

In our study, thoracic surgery was identified as an underlying
condition in 14.3% (18 out of 126) of patients. This includes six
patients who had surgery for lung cancer, and one who had
surgery for TB. These patients are included in both groups.
Thoracic surgery was identified as the primary underlying
condition in six (4.8%) patients, demonstrating its importance
as a predisposing factor for CPA. Again this is an arbitrary
choice as the primary choice of underlying disease, however,
given the nature of the cases we feel it is appropriate.

Rheumatoid arthritis
Rheumatoid arthritis (RA) was identified as an underlying
condition in 4.0% (five out of 126) of our CPA patients, and as a
primary underlying condition in 3.2% (four out of 126). We care
for more than 10 patients with RA and pulmonary aspergillosis
and only included those receiving little or no immunosuppres-
sive treatment (i.e. f7.5 mg prednisolone daily).

Cases of CPA following RA have been reported previously,
although some also have other predisposing factors, such as
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pneumothoraces or tuberculosis [3, 13]. JEWKES et al. [7]
identified upper lobe fibrosis and/or cavitation associated with
RA as underlying 2.4% (two out of 85) of their aspergilloma
cases.

Other conditions
Some conditions were identified as one of multiple underlying
conditions for any CPA case, but not as primary underlying
conditions. These include ankylosing spondylitis, kyphosco-
liosis, alcohol excess, bullae (without pneumothorax or COPD),
chest radiotherapy, smoke inhalation and HIV. All of these
have been previously identified as increasing CPA predisposi-
tion [3–5, 6, 10]. One patient was recorded as having SAIA as
the primary underlying condition. This patient developed
SAIA as a result of immunosuppressive therapy for auto-
immune hepatitis, which then led to CCPA when her
immunosuppression was withdrawn. For one patient no
underlying condition could be identified. Other studies have
also reported cases where no underlying disease could be
identified [3].

General comments on pathogenesis of CPA
The results discussed here demonstrate the importance of
underlying conditions in the development of CPA. Many of the
underlying conditions discussed have effects on the physical
structure of the lung. COPD was the most common underlying
condition overall, and it may be that bullous emphysema is the
primary driver for the development of CPA in this population.
Pneumothoraces, lung cancer and thoracic surgery, by their
nature and by their treatment, result in lung damage, while
tuberculosis can leave cavities in the lung [11, 12, 15]. Pneumo-
nia can cause extensive damage and scarring, RA can lead to the
development of pulmonary fibrosis and sarcoidosis, particu-
larly the late stage fibrotic form, results in lung fibrosis and
cavities [7, 24]. ABPA can also result in lung fibrosis [26]. All of
these result in areas of damaged lung which Aspergillus can
colonise and infect. Once localised in the damaged lung, the
fungus can grow and either form a simple fungal ball or go on to
invade the lung parenchyma and cause/expand cavities. Other
identified conditions have a strong fungal component them-
selves. These include ABPA and SAFS, and the presence of
the fungus in these patients may precipitate colonisation and
development of CPA. Genetic factors may be important in the
development of CPA, and some have been identified but
this work is in its infancy, as it is for most respiratory conditions
[27–29].
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