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Abstract

Background: Allergic bronchopulmonary aspergillosis (ABPA), is a hypersensitivity reaction in
the lung against the antigens of Aspergillus fumigatus. The aim of this study is to determine the
incidence of ABPA, and to determine the risk factors leading to the development of ABPA.
Methods: The study was designed as a retrospective cohort study. Using the CF Registry System
of Turkey data, the incidence of ABPA was determined and the clinical and demographic charac-
teristics of 44 patients newly diagnosed with ABPA in 2022 and |32 patients with similar mutation
weight and age range without ABPA diagnosis in that year were examined and compared. Also risk
factors affecting the development of ABPA were determined.

Results: Low pulmonary function test values, having had at least one pulmonary exacerbation in
that year, receiving intravenous antibiotic treatment, using inhaled antibiotics, having high number
of pulmonary exacerbations, having Pseudomonas aeruginosa colonization, having low body mass
index (BMI), having cystic fibrosis related diabetes mellitus were found to be among the risk fac-
tors for the development of ABPA.

Conclusions: Early recognition and treatment of ABPA is essential to prevent further damage to
the lungs. Patients with frequent pulmonary exacerbations, low BMI and low pulmonary function

test values, chronic colonization should definitely be considered for ABPA.
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Introduction

Cystic fibrosis (CF) is the most common autosomal
recessive genetic disease of the Caucasian race,
involving many organs and systems. It is known
to affect more than 85,000 people worldwide.'
The most commonly involved system in CF is the
respiratory system and the most commonly
involved organ is the lung. Despite significant
advances in treatment, morbidity and mortality
rates due to lung disease in CF are still high.”
Although bacteria are the most common
respiratory tract pathogens in CF, fungal infec-
tions, especially Aspergillus species, are also
quite common.® Aspergillus is a mold fungus
that is widespread in nature and can cause dif-
ferent clinical manifestations. The most com-
mon human pathogen is Aspergillus fumigatus
(A fumigatus).* Inhalation of fungal spores
may result in clinical presentations such as
asymptomatic colonisation of the bronchial
tree, invasive aspergillosis, aspergilloma or
allergic ~ bronchopulmonary  aspergillosis
(ABPA) depending on the patient’s underlying
asthma, CF, immunodeficiency status.>®
ABPA, which is one of the respiratory com-
plications of CF, is a hypersensitivity reaction in
the lung against the antigens of the fungus
A.fumigatus that can colonize the bronchial
mucosa and is usually seen in patients with
CF over 6 years of age. Its incidence is esti-
mated to be 7-9% in patients with CF.” It was
described for the first time in an adult patient
by Hinson et al. in England in 1952, and in a
child in the USA by Slavin et al. in 1970.%°

ABPA diagnostic criteria can be listed as
follows:
Predisposing conditions (CF, asthma, chronic

obstructive lung disease, bronchiectasis) or
dcompatible clinico-radiological presentation

Essential components

A fumigatus specific IgE >0.35 k.UA.L™"
“Serum total Immunglobulin (Ig) E > 500 TU/
mL™!

Other components (any two)

dpositive IgG against A.fumigatus

Blood eosinophil count > 500 cells / uL™"
(could be historical)

Thin section chest computed tomography
consistent with ABPA (bronchiectasis,
mucus plugging and “high attenuation
mucus) or fleeting opacities on chest radio-
graph consistent with ABPA

Important considerations

*Expectoration of mucus plugs, finger-in-glove
and fleeting opacities on chest radiograph

A positive type 1 skin test is acceptable
when Aspergillus-IgE is unavailable
Serum total IgE < 500 TU/mL™" may be
acceptable if all other criteria are fulfilled
44 fumigatus-specific 1gG can be detected
using lateral flow assays or enzyme immu-
noassays. The cut-offs of A.fumigatus-
specific IgG must be developed for specific
populations. In the absence of population-
specific cut-offs, we suggest using manufac-
turer recommendations.

“High attenuation mucus is pathognomonic
of ABPA and confirms ABPA diagnosis
even if all criteria are not fulfilled.

Elevated IgE against recombinant A.fumigatus
fl, f2 and f4 supports the diagnosis of ABPA
and could be used as another component for
diagnosing ABPA.'°

Since ABPA is a serious cause of morbidity
and mortality in patients with CF, identification
and prevention of risk factors are very important.

The aim of this study is to determine the inci-
dence of ABPA, according to years and to deter-
mine the risk factors leading to the development
of ABPA by using the CF Registry System of
Turkey data.

Material and methods

The study was designed as a retrospective
cohort study. Using the CF Registry System of
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Turkey data, the incidence of ABPA between
2018 and 2022 was determined and the data of
44 patients newly diagnosed with ABPA in
2022 and 132 patients with similar mutation
weight and age range without ABPA diagnosis
in that year were compared, and the risk factors
affecting the development of ABPA were deter-
mined. CF registry system of Turkey records the
clinical, demographic, and laboratory data of
CF patients for each year, and these data are
updated every year. In this context, the patients
included in the study group are those who were
newly diagnosed with an ABPA in 2022.

Patients diagnosed with ABPA according to
the revised International Society for Human and
Animal Mycology-ABPA working group con-
sensus diagnostic criteria were included in the
study.'”

Data were obtained for demographic vari-
ables (age and gender), clinical variables
(including, age at diagnosis, weight Z-score,
height Z-score, body mass index (BMI)
Z-score, CF related diabetes mellitus (CFRD),
chronic liver disease, pancreatic insufficiency
status, inhaled steroid use, inhaled antibiotic
use, long term use of azithromycin, severity of
mutation, presence of pulmonary exacerbation,
number of pulmonary exacerbations), labora-
tory variables (including, FEV1%, FVC %, spu-
tum growth results, chronic microorganism
colonizations). Body weight z score, height z
score, and BMI z scores were calculated for
each patient, according to Centers for Disease
Control and Prevention reference values.''
Chronic microroganism colonisation was
defined as >50% of the airway samples are posi-
tive for Pseudomonas aeruginosa
(P. Aeruginosa) collected during the last 12
months (at least four samples collected) accord-
ing to modified Leeds criteria. Chronic infection
with other bacteria was also described according
to these criteria with the European CF Patient
Registry Report (ECFSPR) reference.'?

Genetic mutations of the patients were cate-
gorized into two groups as minimal function
(MF =severe mutation) and residuel function
(RF = mild mutation) mutations."?

Statistical analysis

The data were analyzed with SPSS 27.0 soft-
ware and 95% confidence level was used.
Sample size calculated and the number of cases
and controls was determined with 80% power.
Frequency and percentage (n(%)) statistics for
categorical (qualitative) variables, mean, stand-
ard deviation (mean+ SD), minimum, max-
imum and median (M) statistics for numerical
(quantitative) variables were given. Parametric
tests were applied in cases where the normality
assumption was deemed appropriate, and non-
parametric tests were applied in cases where it
was observed that it was not appropriate.
Independent groups t/Mann Whitney U test
was used to compare the measurements deter-
mined in the study according to the groups,
Chi-square test was used in the relationships
between grouped variables, and logistic regres-
sion analysis was used to determine the risk fac-
tors effective in the development of ABPA.

Results

Of the 44 patients with a diagnosis of ABPA
included in the study, 22 (50%) were female
and of the 132 patients without a diagnosis of
ABPA, 70 (53%) were female. The mean age
of patients with ABPA was 15.76 + 6.43 years
and the mean age of patients without ABPA
was 15.35+6.43 years. Body mass index
(BMI) and BMI Z score were statistically sig-
nificantly lower in patients with ABPA com-
pared to the control group (p=0.001, p=
0.006, respectively). Forced expiratory volume
in 1 s (FEVI1) and forced vital capacity (FVC)
% values were found to be statistically signifi-
cantly lower in patients with ABPA compared
to the control group [mean FEVI1 (%) value
was 68.53 +25.69, 81.64+26.75 (p=0.015);
FVC (%) values were found as mean 76.58 +
24.26, 88.61 +27.48, respectively (p=0.031)].
Of the 44 patients diagnosed with ABPA, 39
(88.6%) had a severe mutation (minimal func-
tion=MF) and 5 (11.4%) had a mild mutation
(residual function=RF). In the control group
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of 132 patients, 117 (88.6%) had severe muta-
tion (MF) and 15 (11.4%) had mild mutation
(RF). According to the results of the analyses
no statistically significant association was found
with the following factors; gender (p=0.862),
inhaled steroid use (p=0.999), history of
long-term azithromycin use (p=0.398), pres-
ence of pancreatic insufficiency (p=0.682),
Methicillin-sensitive  staphylococcus — aureus
(MSSA) colonization (p=0.281), Methicillin-
resistant staphylococcus aureus (MRSA) coloniza-
tion (p=0.717), chronic liver disease (p=0.999)
and the development of ABPA in patients
(p >0.05) (Table 1).

According to the results of the analyses, a
statistically significant association was found
between ABPA and P.aeruginosa colonization
(p=0.020), history of inhaled antibiotic use
(p=0.005), and history of pulmonary exacerba-
tion requiring intravenous antibiotic use (p=
0.004). The rate of pulmonary exacerbation
(50%), P.aeruginosa colonization (54.5%) and
inhaled antibiotic use (50.0%) were found to
be higher in patients with ABPA. The rate of
CF-related diabetes mellitus (CFRD) was statis-
tically borderline higher (20.5%) in patients
with ABPA (p=0.050) (Table 2).

Logistic regression analysis was used to
determine risk factors that have an impact on
the development of ABPA; on the risk of
ABPA development in a single-factor model;
P.aeruginosa colonization (p=0.014), pres-
ence of pulmonary exacerbation (p=0.002),
presence of CFRD (p=0.033), use of inhaled
antibiotics (p=0.003), number of pulmonary
exacerbations (p=0.012), FEV1% (p=0.017),
FVC% (p=0.034), weight Z score (p=
0.025), height (p=0.007), BMI (p=0.010),
and BMI Z score (p=0.028) were found to
be statistically significantly effective (p<
0.05). ABPA was 2.4 times more common in
patients with P.aeruginosa colonization, 3
times more common in patients with pulmon-
ary exacerbation in that year, 2.8 times more
common in patients with CFRD, and 2.8 times
more common in patients with inhaled anti-
biotic use.

The risk of ABPA increased with increasing
number of pulmonary exacerbations (B=
0.290); the risk of ABPA decreased with
increasing FEV1% (B=-0.019), FVC% (B=
—0.017), height Z score (B=-0.133), BMI (B
=—0.141), BMI Z score (B =10.439). The effect
of other factors was not significant (p>0.05)
(Table 3). In the multifactor model, there was
no statistically significant factor affecting the
risk of ABPA (p>0.05). This situation is due
to the low prevalence of ABPA.

The incidence of ABPA in 2022 was 2.11%,
and there was no significant change in the inci-
dence in the last 5 years (Table 4).

Discussion

Allergic bronchopulmonary aspergillosis is a
respiratory complication that can be seen in
patients with CF. It is an important cause of
morbidity and mortality. Since it may cause per-
manent changes in the lungs, it is important to
recognize, treat and prevent its development
by determining its prevalence and risk factors.
Although the current prevalence is still
unknown, it is estimated to be 2—15%."? The
fluctuation in incidence of this condition may
be attributed to the challenge of diagnosing it
due to the similarities between the clinical and
imaging symptoms of ABPA and the respiratory
system involvement in classical CF. Recent
research indicates that the yearly occurrence of
ABPA in individuals with CF has risen from
0.3% to 4%." In our study, the incidence of
ABPA in 2022 was 2.11% and there was no sig-
nificant change in the incidence in the last
5 years.

In the literature, the risk factors for ABPA in
patients with CF have been defined as; older age
(especially 6 years and older), low FEV1 value,
P.aeruginosa colonization, oral long-term anti-
biotic (especially azithromycin) use, inhaled
antibiotic (especially tobramycin) use, and a
history of inhaled steroid use.'*™'” In our study,
similar to the literature, low FEV1%-FVC %
values, having had at least one pulmonary
exacerbation in that year and receiving IV
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Table 2. Comparison of the patients’ clinical and laboratory characteristics.

Factors ABPA- (n=132) ABPA+(n=44) Total (n=176) p

Sex Male 62 (47%) 22 (50%) 84 (47.7%) 0.862
Female 70 (53%) 22 (50%) 92 (52.3%)

Use of inhaled steroids No 111 (84.1%) 37 (84.1%) 148 (84.1%) 0.999
Yes 21 (15.9%) 7 (15.9%) 28 (15.9%)

Azithromycin use No 114 (86.4%) 35 (79.5%) 149 (84.7%) 0.398
Yes 18 (13.6%) 9 (20.5%) 27 (15.3%)

Pancreatic insufficiency No 6 (4.5%) I (2.3%) 7 (4%) 0.682
Yes 126 (95.5%) 43 (97.7%) 169 (96%)

P.aeruginosa colonization No 88 (66.7%) 20 (45.5%) 108 (61.4%) 0.020%
Yes 44 (33.3%) 24 (54.5%) 68 (38.6%)

MSSA colonization No 86 (65.2%) 24 (54.5%) 110 (62.5%) 0.281
Yes 46 (34.8%) 20 (45.5%) 66 (37.5%)

MRSA colonization No 113 (85.6%) 36 (81.8%) 149 (84.7%) 0.717
Yes 19 (14.4%) 8 (18.2%) 27 (15.3%)

Pulmonary exacerbations  No 99 (75%) 22 (50%) 121 (68.8%) 0.004*
Yes 33 (25%) 22 (50%) 55 (31.3%)

CF-related diabetes No 121 (91.7%) 35 (79.5%) 156 (88.6%) 0.050%
Yes Il (8.3%) 9 (20.5%) 20 (11.4%)

Chronic liver disease No 103 (%78) 34 (77.3%) 137 (77.8%) 0.999
Yes 29 (%22) 10 (22.7%) 39 (22.2%)

Inhaled antibiotic use No 98 (74.2%) 22 (%50) 120 (68.2%) 0.005%
Yes 34 (25.8%) 22 (%50) 56 (31.8%)

Severity of the mutation MF 117 (88.6%) 39 (88.6%) 156 (88.6%) 0.999
RF 15 (11.4%) 5 (11.4%) 20 (11.4%)

*b < 0.05 significant relationship, p > 0.05 no significant relationship, P.aeruginosa: Pseudomonas aeruginosa, MSSA:
Methicillin-sensitive staphylococcus aureus, MRSA: Methicillin-resistant staphylococcus aureus, CF: Cystic fibrosis, MF: Minimal function

mutation, RF: Residual function mutation; Chi-square test

antibiotic treatment, using inhaled antibiotics,
having a high number of pulmonary exacerba-
tions, having P.aeruginosa colonization, having
a low body mass index and having CFRD were
found to be among the risk factors for the devel-
opment of ABPA.

Poor nutritional status and low BMI may
lead to impairment of immune defense mechan-
isms, especially lymphocyte activity, which
may lead to a risk for the development of
ABPA."®In our cohort, having a low BMI was
shown to be a risk factor for the development
of ABPA different from the previous reports.

P.aeruginosa and A.fumigatus are the most
common bacterial and fungal species in the
respiratory tract of patients with CF. In a 2017
study evaluating CF patients colonised with
both pathogens at the same time, it was

observed that patients colonized with
P.aeruginosa and A.fumigatus at the same
time had more frequent pulmonary exacerba-
tions and hospitalizations, used more antibio-
tics, and had lower FEV1 levels. In the same
study, it was observed that A.fumigatus colon-
ization had no direct effect on the increase in
ABPA incidence, but the highest incidence of
ABPA (17.4%) was found in patients colonized
with A fumigatus and P.aeruginosa together."*
This is related to the fact that A.fumigatus
increases the production of elastase, a metallo-
protease responsible for P.aeruginosa viru-
lence, which damages extracellular matrix
proteins such as collagen and elastin by
hydrolysis, and further damages lung epithelial
cells, thus increasing airway damage.'® In our
cohort, colonization with P.aeruginosa was
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Table 4. ABPA incidence by years.

Total number of

Year patients n ABPA n ABPA %
2018 1462 34 2.33
2019 1625 36 222
2020 1708 24 1.41
2021 1950 44 2.26
2022 2088 44 2.11

found to be a risk factor for the development of
ABPA.

In CF, inhaled medications were also shown
as a risk factor for ABPA. In a 2014 study con-
ducted in Greece, inhaled steroid use was shown
to be an independent risk factor for A.fumigatus
growth in sputum, and this may be due to the
fact that inhaled steroids, especially long-term
high-dose inhaled steroids, increase the fre-
quency of lung infections with immunosuppres-
sive effect and inhibit the growth and
development of patients.”” In our study, inhaled
steroid use had no significant effect on the risk
of ABPA development. However, inhaled anti-
biotic use was shown to be among the risk factors
for ABPA. Previous studies in the literature also
showed that inhaled tobramycin and inhaled
colistin use was associated with A. fumigatus
growth.'®?" This may be because long-term
oral/IV antibiotic use due to frequent pulmonary
exacerbations may predispose to the develop-
ment of fungal infections. Furthermore, in our
study, long-term use of azithromycin was shown
to be a risk factor for ABPA. The effect of azith-
romycin on ABPA and Aspergillus colonization
is related to the mechanism of action of the drug.
Macrolide group antibiotics inhibit neutrophil
chemotaxis in the airways by decreasing the pro-
duction of mediators such as interleukin-8 and
leucotrien B4, thus the host defense against
Aspergillus may be impaired.*>* It has also
been shown that the inhibitory effect of azithro-
mycin on neutrophil activity and thus the break-
down of host defense facilitates the growth of 4.
fumigatus.*

CF-related diabetes mellitus is one of the late
complications of CF such as ABPA. In our study,

CFRD was also found to be one of the important
risk factors in the development of ABPA. CFRD
usually occurs after the second decade and is
associated with poor prognosis. Older age,
female gender, type of CF mutation, degree of
exocrine pancreatic insufficiency, presence of
liver disease, high number of pulmonary exacer-
bations, and low lung capacity are factors affect-
ing the development of CFRD.***’ The high
number and frequency of pulmonary exacerba-
tions in CF patients with poor clinical outcome
may lead to a systemic inflammatory response
and create a basis for the development of
CFRD. Long-term use of systemic corticoster-
oids for the treatment of ABPA may also lead
to insulin resistance, impaired glucose tolerance
and predisposition to diabetes.*®*’

The limitations of our study were due to its
retrospective nature, the fact that the atopy sta-
tus of the patients could not be evaluated and
that the number of patients included in the
study was limited due to the low incidence of
ABPA. One limitation of the study is that
selection bias occurred in the selection of
patients for the control group. However, the
fact that it was a multicenter study enabled us
to look at the incidence and risk factors of
ABPA objectively.

Conclusion

ABPA is associated with poor prognosis in CF
patients. Patients with frequent pulmonary exacer-
bations, low BMI and low pulmonary function test
values, and chronic colonization, especially in
patients over 6 years of age, should definitely be
considered for ABPA. Since prevention of the
detected risk factors may also prevent the develop-
ment of ABPA, appropriate treatments, weight
gain, and treatment compliance of patients are
very important to prevent these factors.
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