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Abstract

Pulmonary aspergillosis is a very serious complication in cystic fibrosis (CF) patients due to the great
variety of its clinical presentations and the fact that it worsens the prognosis. We can distinguish the
following: Aspergillus colonization (AC), Aspergillus infection (Al) and allergic bronchopulmonary
aspergillosis (ABPA). Aspergillus colonization (AC) is defined as isolation of Aspergillus spp. from 50% or
more sputum samples over six months to one year without observing deterioration in lung function and
an increase in such respiratory symptoms as cough. Aspergillus infection (Al) is diagnosed in subjects
with Aspergillus colonization and a decline in lung function, respiratory exacerbation with and without
cough or with an incomplete response to a 2-4 week course of appropriate broad-spectrum antibiotics.
Aspergillus can also cause allergic bronchopulmonary aspergillosis (ABPA). The classic diagnostic criteria
of allergic bronchopulmonary aspergillosis in cystic fibrosis have been established during the Cystic
Fibrosis Foundation Conference in 2001.

Aim: To establish the prevalence of pulmonary aspergillosis in children with cystic fibrosis under the
care of our centre and to investigate the potential predisposing factors to Aspergillus infection (Al) and
allergic bronchopulmonary aspergillosis (ABPA).

Material and methods: An analysis was conducted of the medical documentation of 374 children aged
0-18years monitored regularly in the Cystic Fibrosis Centre of the Institute of Mother and Child in Warsaw
from 01.01.2010 to 31.08.2014. We selected 13 patients who presented an evidently worsening clinical
status and course of the bronchopulmonary disease (decline in lung function parameters, respiratory
exacerbations with increased cough, new or recent abnormalities in chest imaging) despite standard
treatment with a high calorie diet, supplementation of pancreatic enzymes and vitamins, dornase
alpha, inhaled and/or oral antibiotics, inhaled or oral corticosteroids, bronchodilators, physiotherapy.
In this group of 13 CF children Aspergillus fumigatus was isolated from sputum. They represented 3.5%
of the patients treated in our centre. Pulmonary aspergillosis was analyzed in relation to the age, sex,
genotype, exocrine pancreatic insufficiency, body mass index, pulmonary function, microbiological
examination of sputum, pulmonary complications and therapies. The mean age was 10.7 years (range
4.5-16.3). Only one child was under the age of six years. Patients were divided into 3 groups: patients with
Aspergillus infection (Al), patients with allergic bronchopulmonary aspergillosis (ABPA), and a patient
with Aspergillus infection and bronchopulmonary aspergillosis.

Results: Aspergillus infection (Al) was diagnosed in 9 cases (2.4%) and allergic bronchopulmona-
-ry aspergillosis (ABPA) in 3 (0.8%). One patient was treated with corticosteroids, because of allergic
bronchopulmonary aspergillosis (ABPA) and after 8 months he developed Aspergillus infection (Al).
Most of the children were homo- or heterozygous for mutation F508del. Pancreatic insufficiency was
recognized in all the children with ABPA, most of those with Al (8/9) and in one boy with ABPA and Al.
Most of the patients had chronic respiratory colonization of Staphylococcus aureus and Pseudomonas
aeruginosa. Children with Al were older (mean age:12.4), had a worse nutritional status (three of them
had a BMI <3rd percentile), poorer lung function (five had severe lung disease (FEV1 <40%), complications

"Publication of CT images with the consent of the head of the Department of Diagnostic Imaging Dr hab .n. med. Monika Bekiesinska-Figatowska Prof.
of the Institute of Mother and Child in Warsaw.

Publikacja zdje¢ CT za zgodg kierownika Zakladu Diagnostyki Obrazowej dr hab.n.med. Moniki Bekiesiniskiej-Figatowskiej Prof. Instytutu Matki i Dziecka
w Warszawie



The clinical presentations of pulmonary aspergillosis in children with cystic fibrosis 67

occurred in one of the underlying diseases (haemoptysis, CFRD — Cystic Fibrosis Related Diabetes), two of
them had vascuportinserted due to the need for frequent intravenous antibiotic therapy. All the patients
received inhaled antibiotics. A long-term oral azithromycin regime was applied in all the children with
allergic bronchopulmonary aspergillosis, in most of those with Aspergillus infection (6/9) and in one boy
with ABPA and Al. In three patients diagnosed with Aspergillus infection, antifungal treatment did not
give any clinical or radiological improvement. They underwent surgical resection in the Department of
Thoracic Surgery in Rabka (Poland). One patient had pneumonectomy and two underwent lobectomies.
One boy had lung transplantation in Rigshospitalet in Copenhagen nine months after being diagnosed
with Aspergillus infection.

Conclusions: Since pulmonary aspergillosis is a very serious complication in CF children, it seems
reasonable to include screening for early detection of Aspergillus colonization in the annual assessment
of CF patients who are over 6 years old. Due to the small sample size and retrospective design of our
analysis, the identification of risk factors of pulmonary aspergillosis in CF children require further
prospective studies.

Key words: cystic fibrosis (CF), Aspergillus fumigatus, allergic bronchopulmonary aspergillosis
(ABPA), Aspergillus infection (Al)

Streszczenie

Aspergiloza ptucna jest bardzo ciezkim powiktaniem u pacjentéw z mukowiscydozq, pogorszajqcym
rokowanie.Rozrézniamy:kolonizacje Aspergillus (AC), zakazenieAspergillus (Al)ialergicznqaspergiloze
oskrzelowo-ptucnq (ABPA). Kolonizacje Aspergillus (AC) definiuje sie jako izolacje Aspergillus (kropid-
lak) z50% lub wiekszej liczby prébek plwociny badanych w czasie szesciu miesiecy do jednego roku, bez
pogorszenia czynnosci ptucinasilenia objawdw oddechowych miedzy innymi takich jak kaszel. U os6b
z kolonizacjq Aspergillus i pogorszeniem czynnosci ptuc, zaostrzeniem zmian oskrzelowo-pfucnych
przebiegajqcym z kaszlem, a takze z brakiem lub niepetnq odpowiedziq na trwajqcq dwa do czterech
tygodni antybiotykoterapie o odpowiednio szerokim spektrum, mozemy rozpoznal zakazenie
Aspergillus (Al). Aspergillus moze réwniez powodowac alergicznq aspergiloze oskrzelowo-ptucng
(ABPA). Klasyczne kryteria diagnostyczne alergicznej aspergilozy oskrzelowo-ptucnej w przebiegu
mukowiscydozy zostaty ustalone podczas w konferencji Cystic Fibrosis Foundation w 2001 roku.

Cel: Okreslenie czestosci wystepowania aspergilozy ptucnej u dzieci z mukowiscydozq uczeszczajqcych
donaszego osrodka orazzbadanie potencjalnych czynnikéw predysponujqcych do zakazenia Aspergillus
i alergicznej aspergilozy oskrzelowo-ptucnej (ABPA).

Materiat i metody: Przeanalizowano dokumentacje medycznq 374 dzieci w wieku 0-18 lat, regularnie
zgtaszajqcych sie do Zaktadu Mukowiscydozy Instytutu Matki i Dziecka w Warszawie od 01.01.2010 do
31.08.2014. Wytoniono grupe 13 pacjentdw, ktorzy byli w gorszym stanie klinicznym i mieli gorszy prze-
bieg choroby oskrzelowo-ptucnej (obnizenie wskaznikéw funkcji ptuc, zaostrzenia zmian oskrzelowo-
-ptucnych z nasileniem kaszlu, nowe nieprawidfowosci ptucne w badaniach obrazowych klatki piersio-
wej) pomimo standardowego leczenia obejmujqcego: diete wysokokaloryczng, suplementacje enzymow
trzustkowych i witamin, dornaze alfa, wziewne i /lub doustne antybiotyki, doustne lub wziewne kortyko-
steroidy, lekirozszerzajqce oskrzela, fizjoterapie. Aspergillus fumigatus wyhodowano z plwociny 13 dzieci
z CF. Grupa ta stanowita 3,5% dzieci pozostajqcych pod naszq opiekq. Aspergiloze ptucnq analizowano
uwzgledniajqc wiek, pte¢, genotyp, zewngqtrzwydzielniczq niewydolnos¢ trzustki, wskazZniki masy ciata,
testy czynnosciowe ptuc, wynikibadania mikrobiologicznego plwociny, powiktania ptucne oraz stosowa-
ne leczenie. Srednia wieku wynosita 10,7 lat (zakres 4,5-16,3). Tylko jedno dziecko byto w wieku ponizej
szesciu lat. Pacjentéw podzielono na 3 grupy: pacjentéw z zakazeniem Aspergillus (Al), pacjentéw
z alergicznq aspergilozq oskrzelowo-ptucng (ABPA), pacjenta z zakazeniem Aspergillus i aspergilozq
oskrzelowo-ptucnq.

Wyniki: Zakazenie Aspergillus (Al)rozpoznano w 9 przypadkach (2,4%), a alergicznq aspergiloze
oskrzelowo-ptucng w 3 (0,8%). Jeden pacjent byt leczony kortykosteroidami ze wzgledu na alergicznq
aspergiloze oskrzelowo-ptucng (ABPA) i po 8 miesiqcach rozwineto sie u niego zakazenie Aspergillus
(Al). Wiekszos¢ badanych dzieci byta homo- lub heterozygotami mutacji F508del. Niewydolnos¢
zewnqtrzwydzielniczq trzustki rozpoznano u wszystkich pacjentéw z ABPA i u wiekszosci z Al (8/9) oraz
uchtopcaz ABPA i Al. Wiekszos¢ dzieci w naszym badaniu miato stwierdzanq przewlektq kolonizacje drég
oddechowych Staphylococcus aureus i Pseudomonas aeruginosa. Dzieci z Al byty starsze (Srednia wieku:
12,4), miaty gorszy stan odzywienia (troje znich miato BMI< 3 centyla), gorszq funkcje ptuc (piecioro miato
ciezkq chorobe ptuc (FEV1<40%), wystepowaty u nich powiktania choroby podstawowej (krwioplucie,
CFRD), dwoje z nich miato zatoZzony vascuport ze wzgledu na koniecznos¢ czestych antybiotykoterapii
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dozylnych. Wszyscy pacjenci otrzymywali antybiotyki wziewne. Przewlekte leczenie azytromycynq
stosowano u wszystkich dzieci z alergicznq aspergilozq oskrzelowo-ptucng, u wiekszosci z zakazeniem
Aspergillus (6/9) oraz u chtfopca z ABPA i Al. U trzech pacjentéw z rozpoznanym zakazeniem Aspergillus
leczenie przeciwgrzybicze nie spowodowato klinicznej ani radiologicznej poprawy. Wykonano u nich
resekcje chirurgicznq w Klinice Chirurgii Klatki Piersiowej w Rabce: u jednego — pneumonectomie,
a dwdch — lobektomie. Jeden chtopiec dziewie¢ miesiecy po rozpoznaniu zakazenia Aspergillus
przeszedt transplantacje pfuc w Rigshospitalet w Kopenhadze.

Whnioski: Poniewaz aspergiloza ptucna jest bardzo powaznym powiktaniem u dzieci z mukowiscydozq,
zasadne wydaje sie wiqczenie badan przesiewowych dla wczesnego wykrywania kolonizacji Aspergillus
do corocznych badar bilansowych u pacjentéw z CF powyzej 6 rz. Ze wzgledu na matq liczebnos¢ i ret-
rospektywny charakter naszej analizy okreslenie czynnikéw ryzyka aspergilozy ptucnej u dzieci z CF
wymaga dalszych badan prospektywnych.

Stowa kluczowe: mukowiscydoza, Aspergillus fumigatus (kropidlak popielaty), alergiczna aspergiloza
oskrzelowo-ptucna, zakazenie Aspergillus
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INTRODUCTION

Aspergillus is a ubiquitous spore-bearing fungus found
worldwide in the soil, water, food, dust and decomposing
organic matter. This thermotolerant mould can grow at
body temperature. The genus Aspergillus spp comprises
approximately two hundred species, but pulmonary disease
is caused mainly by Aspergillus fumigatus. The small
Aspergillus spores (2-3 um) may easily become airborne
and, when inhaled, deposit in the distal airways in humans.
In healthy individuals, spores are quickly cleared by the
mucociliary escalator and phagocytosed by immune system
cells, such as macrophages and neutrophils [1].

Spores can easily persist in the respiratory tracts of
patients with chronic lung diseases or immunocompromised
ones, including transplant recipients. They are able to
non-invasively colonise the bronchial tree but they can also
cause infections. The large spectrum of clinical syndromes
of aspergillus infections depends on the host's immune
status, or the severity of the kind of bronchopulmonary
disease [2, 3]. Aspergillus is the only organism that can
cause both invasive, life-threatening disease and allergic
disease in humans [4, 5].

Patients with cystic fibrosis are especially prone
to fungi respiratory infections which lead to clinical
deterioration and worsening of the lung disease. Due to
increased mucus viscosity in CF airways, inhaled spores
are “trapped”. Impaired mucociliary clearance and mucus
plugging in the bronchial tree, the ability of Aspergillus
spp. to evade or interfere with phagolysosome fusion
and complement fixation can lead to locally invasive or
disseminated infection [1, 3]. The continued presence
of the allergen leads to persistent airway inflammation
and subsequent lung damage [3].

Aspergillus fumigatus is the most common mould in
the sputum of CF patients [1, 6].

The isolation rate varies widely from 6% to 58%
in the reported literature from different geographical
areas [7-14]. In Canadian CF patients the prevalence

of A. fumigatus isolated from sputum rose from 8%
in 2001 to 18% in 2009 [11]. There are differences in
the prevalence of fungal colonization in children with
CEF, due to local clinical and microbiological practices,
varying techniques of obtaining respiratory samples and
laboratory protocols. The methods of fungi detection
may influence the detection rate as well [1, 9, 10, 13,
14].

The altered airway surface fluid thickness and
composition in the respiratory tract of CF patients
represents a favorable environment for the development
of pulmonary aspergillosis. In these individuals,
inhalation of Aspergillus conidia can mainly result in
three clinical scenarios: Aspergillus colonization (AC),
Aspergillus infection (AI) or allergic bronchopulmonary
aspergillosis (ABPA) [5]. Aspergillus colonization (AC)
is defined as isolation of Aspergillus spp. from 50% or
more sputum samples over six months to one year
without deterioration in lung function and an increase
in respiratory symptoms like cough (Table I). Aspergillus
infection (AI) is diagnosed in subjects with Aspergillus
colonization and a decline in lung function, respiratory
exacerbation with cough and incomplete response to
a two to four week course of appropriate broad-spectrum
therapy with antibiotics. The classic diagnostic criteria
of allergic bronchopulmonary aspergillosis (ABPA) in
cystic fibrosis have been established during the Cystic
Fibrosis Foundation Conference in 2001 (Table II).
They include: acute or subacute clinical deterioration
not attributable to another etiology, total serum IgE
concentration greater than 1000 IU/mL (unless the
patient is receiving corticosteroid therapy), immediate
cutaneous reactivity to Aspergillus (while the patient is
not being treated with antihistamines) or in vitro presence
of serum IgE antibodies to A. fumigatus, precipitating
antibodies or serum IgG antibodies to A. fumigatus,
new or recent abnormalities on chest radiography or
chest CT that have not cleared with antibiotics and
standard physiotherapy (Table II).
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Table I. Definitions for Aspergillus spp. colonisation and infection [1].

Tabela I. Definicje kolonizacji i zakazenia Aspergillus spp. [1].

Aspergillus spp. colonization
Kolonizacja Aspergillus spp.

Aspergillus spp. Infection
Zakazenie Aspergillus spp.

Isolation of Aspergillus spp. from 50%
or more sputum samples
over six months to one year
Izolacja Aspergillus z 50%
lub wiekszej liczby prébek plwociny
w ciggu 6 miesiecy do 1 roku

No deterioration in lung function
Bez pogorszenia funkcji ptuc

No increase in respiratory symptoms like coughing
Bez nasilenia objawow
z uktadu oddechowego, takich jak kaszel

No or incomplete response to a two to four week course

Isolation of Aspergillus spp. from 50%
or more sputum samples over six months to one year
Izolacja Aspergillus z 50% lub wiekszej liczby
probek plwociny w ciggu 6 miesiecy do 1 roku

Decline in lung function parameters
Pogorszenie funkcji ptuc

Respiratory exacerbation with (increased) coughing
Zaostrzenie zmian ptucnych z (nasilonym) kaszlem

Aspergillus spp. the only organism isolated
from repeated sputum samples
Aspergillus spp. to jedyny organizm izolowany
z powtarzanych prébek plwociny

of appropriate broad spectrum antibiotics
Brak lub niepetna odpowiedz na trwajgcq 2-4 tygodni
antybiotykoterapie o odpowiednio szerokim spektrum

Table Il. Criteria for diagnosis of allergic bronchopulmonary aspergillosis in cystic fibrosis [5, 16].
Tabela Il. Kryteria diagnostyczne alergicznej aspergilozy oskrzelowo-ptucnej w mukowiscydozie [5, 16].

Classic Diagnostic Criteria of ABPA in cystic fibrosis (Cystic Fibrosis Foundation Consensus)
Klasyczne Kryteria Diagnostyczne ABPA w mukowiscydozie (Konsensus Cystic Fibrosis Foundation)

Acute or subacute clinical deterioration not attributable to another etiology
Ostre lub podostre pogorszenie kliniczne nie zwiqzane z inng przyczyng

Total serum IgE concentration greater than 1000 IU/mL unless patient is receiving corticosteroid therapy
Stezenie catkowitej IgE w surowicy powyzej 1000 jm./mL, chyba ze pacjent otrzymuje leczenie kortykosteroidami

Immediate cutaneous reactivity to Aspergillus fumigatus while the patient is not being treated with antihistamines
or in vitro presence of serum IgE antibody to A. fumigatus
Dodatnia natychmiastowa reakcja skorna z Aspergillus fumigatus jesli pacjent nie jest leczony lekami
przeciwhistaminowymi lub obecnosc in vitro surowiczych przeciwciat IgE p/A. fumigatus

Precipitating antibodies or serum IgG antibody to A. fumigatus
Obecnos¢ precypityn lub surowiczych przeciwciat IgG p/A. fumigatus

New or recent abnormalities on chest radiography or chest CT that have not cleared with antibiotics
and standard physiotherapy
Nowe lub ostatnio wystepujgce nieprawidtowosci w radiogramach klatki piersiowej lub w KT, ktore nie ustepujq
pomimo antybiotykoterapii i standardowej fizjoterapii.

The diagnosis of pulmonary aspergillosis is difficult in
patients with CF because of overlapping clinical, radiological,
microbiological and immunological features [15]. Both
imaging and functional signs required for the diagnosis
of AI or ABPA are also usual symptoms of CE.

AlM

The aim of this study was:
to establish the prevalence of pulmonary aspergillosis
in children with cystic fibrosis treated at our centre;
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« to investigate the potential predisposing factors to
Aspergillus infection (AI) and allergic bronchopul-
monary aspergillosis (ABPA).

MATERIAL AND METHODS

According to the Polish Cystic Fibrosis Patient
Registry, 374 patients remained under the care of
the Institute of Mother and Child in Warsaw as of
31 August 2014. Most of them inhabited central and
eastern regions of Poland. Analysis was conducted of
the database of 374 children aged from 0 to 18 years
regularly monitored in the Cystic Fibrosis Centre of
the Institute of Mother and Child in Warsaw from
01.01.2010 to 31.08.2014. Their cystic fibrosis treatment
included mainly: a high calorie diet, supplementation of
pancreatic enzymes and vitamins, dornase alpha, inhaled
and/or oral antibiotics, inhaled or oral corticosteroid,
bronchodilators, physiotherapy.

A group of 13 patients was selected who presented
worsening clinical status and a deterioration in the
course of the bronchopulmonary disease (decline in
lung function parameters, respiratory exacerbations with
increased cough, new or recent abnormalities on chest
imaging) despite the routine treatment. In this group
pulmonary aspergillosis was diagnosed. The children
examined were divided into the following groups: 1 —
patients with Aspergillus infection (AI), 2 — patients with
allergic bronchopulmonary aspergillosis (ABPA), 3 —
patients with Aspergillus infection and bronchopulmonary
aspergillosis (Table III).

The diagnosis of Al and ABPA were defined according
to the recommendations explained below. Based on the
literature reviewed, we used the criteria described by Liu
et al. for Aspergillus spp. colonization (AC) and infection
which we have summarized in Table I [1]. The diagnosis of
ABPA was based on the criteria from the 2001 consensus
conference (Table II) [5, 16].

This group represented 3.5% of the children under
the care of the Cystic Fibrosis Centre (Figure 1). In this
group Aspergillus infection was diagnosed in 9 children
(2,4%), allergic bronchopulmonary aspergillosis in 3
(0,8%), and in 1 boy ABPA and Al after 8 months of
corticosteroids therapy (Table III). The mean age of the
pulmonary aspergillosis patients was 10.7 years (range
4.5-16.3), for Al it was 12.4 years (range 4.5-16.3) and
for ABPA 9.3 years (range 6-13.7) (Table III). The boy
with ABPA and Al was 8.75 years old. The following
data were collected and analyzed: age, gender, CFTR
genotype(cystic fibrosis transmembrane conductance
regulator), exocrine pancreatic insufficiency (confirmed
by determining the concentration of elastase in the feces),
body mass index (BMI), microbiological examination of
sputum, chest X-rays or chest-CT, blood tests, particularly
Aspergillus-related tests, and respiratory function tests.
The forced expiratory volume in one second (FEV1)
was calculated as percentages of the predicted values
and used to determine the severity of the disease in
patients >6yrs of age. The intention was to model the
FEV1 percent predicted value for a given age using
a severity score (severe: FEV1<40%; moderate FEV1

40-69%; mild FEV1 >70%), age groups (<6 yrs, 6-12
yrs, 13-18 yrs) and association with AI or ABPA.

Wealso analyzed pulmonary complications (haemoptysis,
pneumothorax) and therapies recommended in CF
including: dornase alfa, inhaled antibiotics, corticosteroids
and bronchodilators, a long-term azithromycin regimen,
the number of antibiotic therapies (oral or intravenous)
for bronchopulmonary infection during the six months
before the recognition of pulmonary aspergillosis and
lung transplantation.

In our study all the patients with pulmonary aspergillosis
received dornase alfa therapy and inhaled antibiotics (Table
V). A long-term and low-dose azithromycin regimen
was reported in the boy with ABPA and Al and in all the
children with ABPA. Most patients with AI (6/9) also
received long-term therapy with azithromycin. Patients
with ABPA were effectively treated with corticosteroids
or with a combination of corticosteroids and a systemic
antifungal drug (itraconazol). Subjects with Al received
antifungal therapy (itraconazol or voriconazole for a period
of 4-24 weeks).

RESULTS

Pulmonary aspergillosis was diagnosed in only one
patient <6 years old (1/13), but more often in children >6
years (Table IIT). Details about the relationship between
CF patient characteristics and the occurrence of Al or
ABPA was shown in Table III. The oldest children were in
the group with Al The mean age in this group was 12.4
(range 4.5-16.3). In the group with ABPA, the average
age was 9.3 (range 6-13.7). The boy with ABPA and Al
was 8.75 years old. Sex differences were observed. Both
ABPA were mostly prevalent in males (2/3), as was Al
(6/9).

Most of the children with ABPA or Al were homo- or
heterozygous for the mutation F508del. The boy with
ABPA and Al, two patients with ABPA (2/3) and four
with Al (4/9) were homozygous for F508del. In the group
with ABPA one child had the F508del/K710X mutation.
In the group with AI four patients were homozygous
for F508del (F508del/W1310X, F508del/2184insA,
F508del/3849+kbCT, F508del/dele2,3(21kb) ) and one
patient had other mutations (N1303K/230000del/G).

When we analyzed and compared the clinical data
of the patients from the 3 groups, it was found that the
patients with Al were in a worse condition and had a worse
clinical course of the bronchopulmonary disease and
complications. Pancreatic insufficiency was recognized in
all the individuals with ABPA and in most of those with
AT (8/9). The boy with ABPA and AI also had exocrine
pancreatic insufficiency. He was in a good nutritional
status (BMI>3"). Generally the body weight was lower
in the group of Al than in the ABPA group. Three of the
nine children with AT had BMI <3" percentile but those
with ABPA were in a good nutritional status.

Patients with Al also had lower FEV1% predicted
values than those with ABPA. The prevalence of severe
or moderate lung disease (FEV1<40% and 40-70%) in
individuals with AI was reported in 6 of the 7 cases.
Two patients from the group with ABPA had mild lung
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Table Ill. Relationship between CF patient characteristics and the occurrence of Aspergillus infection or ABPA.
Tabela lll. Zaleznos¢ pomiedzy charakterystykq pacjentéw z CF a wystepowaniem infekcji Aspergillus lub ABPA.

Aspergillus infection (Al)

Allergic bronchopulmonary
aspergillosis (ABPA)

Allergic bronchopulmonary
aspergillosis (ABPA)
and Aspergillus infection (Al)

Zakazenie Aspergillus Alergiczna aspergiloza Alergiczna aspergiloza
oskrzelowo-pfucna oskrzelowo-ptucna (ABPA)
i zakazenie Aspergillus (Al)
N 9 3 1
Age (years)-mean (range) _ )
Wiek (lata) Srednia (zakres) 12.4 (4.5-16.3) 9.3 (6-13.7) 8.75
n<6 yrs of age n/N
n<6 rz n/N 1/9 ) )
n=6-12 yrs of age n/N
n=6-12 rz n/N 2/9 2/3 11
n=13-18 yrs of age n/N
n=13-18 rz n/N 6/9 1/3 )
Male n/N
Pte¢ meska n/N 6/9 2/3 1/1
CFTR genotype (genotyp)
F508del/F508del n/N 4/9 2/3 11
F508del/other n/N 4/9 1/3 -
other/other n/N
inna/inna 1/9 - -
(N1303K/230000del/G)
Pancreatic insufficiency
Zewngtrzwydzielnicza 8/9 3/3 1/1
niewydolnos¢ trzustki
BMI <3rd centile n/N 3/9 0 -
FEV1% <70% n/N 6/7 %;&‘;j{gﬁ;;‘g)med 0 -
FEV1% < 40% n/N
(Severe lung disease) 5/7 ) )
(Ciezka choroba
oskrzelowo-ptucna)
FEV1% (40%-70%) n/N
(Moderate lung disease) 1/7 ) )
(Umiarkowana choroba
oskrzelowo-ptucna)
FEV1% >70% n/N
(Mild lung disease) 1/7 2/3 (1-not performed 1/1
(tagodna choroba niewykonano)
oskrzelowo-ptucna)
Haemoptysis n/N
Krwioplucie 3/9 0 /1
Pneumothorax n/N ) ) )
Odma optucnowa
CFRD n/N 2/9 ) )
Cukrzyca w przebiegu CF
Vascuport n/N 2/9 1/3 -
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374 patients with CF
(0-18 years old)

13 patients with
Pulmonary Aspergillosis
3,5%

M/F: 2,5; mean age:10,7

1patient with
ABPA and Aspergillus
infection

Fig. 1. Patient flow chart.
Ryc. 1. Schemat pacjentow.

disease (FEV1>70%). For two children with Al and one
with ABPA it was not possible to perform functional
respiratory tests due to their age. The boy with ABPA
and Al had a mild lung disease (FEV1>70%).

Haemoptysis was observed in 3 patients from the group
with Al and in the boy with Al and ABPA. Nobody from
the group with ABPA had hemoptysis. The complication
of pneumothorax occurred in none of the patients studied.
Cystic Fibrosis Related Diabetes (CFRD) was diagnosed in
2 patients with AI (2/9). In this group two patients (2/9) and
one child from the group with ABPA (1/3) had vascuport due
to the need of frequent intravenous antibiotic therapies.

Most of the patients in our study had chronic
respiratory colonization of Staphylococcus aureus and
Pseudomonas aeruginosa. Details about the chronic
respiratory colonization in CF of patients with AI and
ABPA are presented in Table IV. Six patients from the
group with AL, two patients from the group with ABPA
and the boy with ABPA and Al had Staphylococcus
aureus in the sputum. In the group with AI one child
had MRSA and another Stenotrophomonas maltophilia
chronic colonization.

Pseudomonas aeruginosa was isolated in the sputum
culture of eight patients with Al and in one with ABPA ,
as well as in the boy with ABPA and AI. Achromobacter
xylosoxidans colonization occurred in one subject with
Al and one with ABPA. During our studies no growth
of Burkholderia cepacia complex from the sputum in any
patient occurred. In all the cases, both Al as well as ABPA,
Aspergillus fumigatus was isolated from the sputum.

The treatment of CF patients with AT and ABPA is
shown in Table V. Bronchodilators were received by 5
patients with AI (5/9), all the patients with ABPA (3/3)
and the boy with ABPA and Al In the group with Al
five subjects (5/9) used inhaled corticosteroids and one
oral corticosteroids (1/9). All the individuals received
dornase alfa and inhaled antibiotics. An azithromycin
long-term regimen was used in six of the nine patients
with Al and all the patients with ABPA and in the boy
with ABPA and Al Antibiotic courses due to pulmonary
exacerbation in the past 6 months before diagnosis were
received accordingly: 3.7; 2.5 and 3 times respectively.

We performed imaging studies to confirm the diagnosis
of pulmonary aspergillosis. In the group of patients
with ABPA pulmonary infiltrates (Figure 3) and central
bronchiectases were observed on chest radiographs. The
chest HRCT of patients with Al showed a focus of massive
nodular parenchymal changes with surrounding halos
(Figure 4), patchy consolidation (Fig ure 5), cavity lesion
and pleural thickening in the upper lobe (Figure 6).

A complete response to antifungal therapy and
improvement was seen in 10 of the 13 children with
pulmonary aspergillosis. Three patients in the group
with Al had a residual, localized but active disease,
despite adequate antifungal therapy. They underwent
surgical resection: one patient — pneumonectomy and two
- lobectomy (Figure 2). They had a good response and
surgery was not associated with significant complications.
One patient underwent lung transplantation nine months
after the diagnosis of Al
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Table IV. Chronic respiratory colonization in CF patients with Al or ABPA.
Tabela IV. Przewlekta kolonizacja drég oddechowych u pacjentéw z mukowiscydozq z rozpoznaniem Al lub ABPA.
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Allergic bronchopulmonary
. Allergic bronchopulmonary aspergillosis (ABPA)
.ASP er gillus aspergillosis (ABPA) and Aspergillus infection (Al)
infection (Al) , .
Zakazeni Alergiczna Alergiczna
akazenie » Kkrzel il Krzel
Aspergillus aspergiloza oskrzelowo- aspergiloza oskrzelowo-
-ptucna -ptucna
i zakazenie Aspergillus
Staphylococcus aureus (n/N) 6/9 2/3 1/1
MRSA (n/N) 1/9 - -
Pseudomonas aeruginosa (n/N) 8/9 1/3 1/1
Stenotrophomonas maltophilia (n/N) 1/9 - -
Achromobacter xylosoxidans (n/N) 1/9 1/3 -
Burkholderia cepacia (n/N) - - -
Aspergillus spp (n/N) 9/9 3/3 1/1
Table V. Cystic fibrosis treatment and development of Aspegillus infection or ABPA.
Tabela V. Leczenie mukowiscydozy a rozwdj zakazenia Aspergillus lub ABPA.
Allergic
Asperaillus Allergic bronchopulmonary
infe,:,tign (Al) bronchopulmonary aspergillosis (ABPA)
Zakazenie aspergillosis (ABPA) and Aspergillus infection (Al)
A . Alergiczna aspergiloza Alergiczna aspergiloza
spergillus d '
oskrzelowo-pfucna oskrzelowo-pfucna
i zakazenie Aspergillus
Bronchodilators n/N
Leki rozszerzajqce oskrzela 5/9 3/3 11
Corticosteroids (inhaled) n/N 5/9 ) )
Kortykosteroidy (wziewne)
Corticosteroid (oral) n/N 1/9 ) )
Kortykosteroidy (doustne)
Dornase alfa n/N 9/9 3/3 1/1
Inhaled antibiotics n/N
Antybiotyki wziewne 9/9 3/3 /1
Azithromycin n/N 6/9 3/3 1/1
Numbers of antibiotics courses
because of PEX/past 6 months (range)
Liczba kurséw antyblo?ykotgrapu 3.7 (2-5) 2.5(2-3) 3
z powodu zaostrzenia zmian
oskrzelowo-ptucnych w ciggu ostatnich
6 miesiecy (zakres)
Surgery treatment n/N 3/9 ) )
Leczenie chirurgiczne
Lung transplant n/N 1/9 ) )
Transplantacja ptuc
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Fig. 2. Chest CT scan of a 13.5-year old girl with Al and CF
shows significant retraction of the left lung, severe
cirrhotic changes and bronchiectasis in the upper
lobe. Saccular bronchiectasis seen in the left upper
lobe — denoted by arrow. The displacement of the
mediastinum to the left, with herniation of the right
lung to the left. Patient after an ineffective antifungal
treatment underwent a left pneumonectomy. (CT was
performed in the Department of Diagnostic Imaging
of the Institute of Mother and Child in Warsaw).

Ryc. 2. Tomografia komputerowa klatki piersiowej 13,5-letniej
dziewczynki z Al i CF pokazuje znaczngq retrakcje ptuca
lewego, nasilone zmiany marskie oraz rozstrzenia
oskrzeli w ptacie gérnym. Rozstrzenia workowate
zaznaczono strzatkq. Przemieszczenie Srodpiersia na
strone lewq, z przepukling ptuca prawego na lewo.
Pacjentka po nieefektywnym leczeniu p-grzybiczym
miata wykonang pneumonektomie lewostronng. (TK
wykonano w Zaktadzie Diagnostyki Obrazowej Instytutu
Matki i Dziecka w Warszawie).

DISCUSSION

To our knowledge this was the first study to establish
the prevalence of pulmonary aspergillosis in children with
cystic fibrosis in Poland and to analyze the risk factors for
both Aland ABPA. The main limitation of our work was
the small sample of patients and its retrospective design.
All the patients were under the care of our Centre and the
data were thus relatively restricted. However, we indicated
problems concerning pulmonary aspergillosis in our patient
population, which presented distinct characteristics. In our
Cystic Fibrosis Centre diagnostic tests for fungal infections
were not routinely performed. Such tests were performed
inter alia for pulmonary aspergillosis only in patients
who presented clinical and functional deterioration of the
lung disease despite standard therapy. When we analyzed
the medical documentation of 374 children aged 0-18
years regularly monitored in our Centre from 01.01.2010
to 31.08.2014, we found that Aspergillus fumigatus was
isolated from the sputum of 13 patients whose clinical
condition deteriorated despite routine treatment. This

group represented 3.5% of the children under the care
of the Cystic Fibrosis Centre (Figure 1).

We were aware that Aspergillus can occasionally
contaminate sputum cultures and in these cases might
not be associated with clinical significance. Our study;,
however, consists of retrospectively analyzed results of
patients, whose clinical condition deteriorated despite
appropriate antibiotic treatment. We were, therefore, able
to evaluate the incidence of pulmonary aspergillosis. Due
to the lack of routine testing of sputum for fungi we did
not have data to assess the prevalence of colonization of
Aspergillus in our patients.

We used the criteria described by Liu et al [1] to
diagnose Aspergillus infection (Table I) and the criteria
from the Cystic Fibrosis Foundation Conference to
diagnose ABPA (Table II) [5, 16]. In our study both
ATl as ABPA, Aspergillus fumigatus was isolated from
sputum samples in all the cases. Although the mere
presence of A. fumigatus is not associated with ABPA,
Aspergillus infection was diagnosed in 9 children (2.4%)
and allergic bronchopulmonary aspergillosis in 3 (0.8%).
One patient was treated with corticosteroids because of
allergic bronchopulmonary aspergillosis (ABPA) and after
8 months he developed the Aspergillus infection (AI).

Aspergillus is a ubiquitous environment pathogen;
environmental exposure, rather than patient-to-patient
contact is responsible for Aspergillus-related conditions
in CE It is recognized that A. fumigatus is found in all
domestic environments, including ventilation systems, or
dust; it is to be found on false ceilings, on plants and in
animals’ bedding. In various environments there are different
levels of airborne spores of A. fumigatus, with a difference
manifested e.g.in rural areas. Most of our patients with
pulmonary aspergillosis lived in the countryside, they had
different kinds of animals (e.g. hamsters). The parents of
the boy with ABPA and AI had a piggery, which could
have been be a source of Aspergillus spores.

In the current analysis, the prevalence of pulmonary
aspergillosis was 3.5%, Al was 2.4% and ABPA 0.8%
(Figure 1). This was much lower than assessed in the
studies of other authors. Data from the Epidemiologic
Registry of Cystic Fibrosis (ERCF) conducted on 12,447
CF patients gathered from 224 CF centres in nine
European countries showed that the overall prevalence
of ABPA in the ERCF population was 7.8% (range:
2.1% in Sweden to 13.6% in Belgium). The prevalence
was dependent on the distinct characteristics of the
patient population [17].

Over the last decade an increase in the annual
prevalence of aspergillosis in children with CF has been
described. Between 1998 and 2002, the annual prevalence
of Aspergillus colonization (AC) increased from 7.4% to
18.8% and ABPA increased from 0.3% to 4% in children
and teenagers with CF [18]. The prevalence of ABPA ranges
from 6-25% in patients with CF, and occurs primarily in
older children and adults [19]. The number of isolates
of fungi increases with age in CF patients. Changes
in the airway microbiome over time, with Aspergillus
spp. filling the empty seats, a changing milieu at the
level of the airway surface but also the frequency, type
and administration route of antibiotics and increased
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exposure over time, have all been suggested as potential
factors in the increase of Aspergillus spp. colonization
with increasing age [1, 7, 14]. Similarly to our study in
data from ERCEF, the prevalence was low in children<6
years of age but almost a constant 10% thereafter. No
sex differences were observed. ABPA affected 8.0% of
the patients with a F508del/F508del genotype and 5-6%
with F508del/G551D, F508del/G542X and F508del/
N1303K genotypes. ABPA patients presented a lower
forced expiratory volume in one second (FEV1) than those
without ABPA at any age [17]. A recent large retrospective
cohort study in Canadian children also reported a lower
FEV1% predicted of children with persistent Aspergillus
spp. infection compared to uninfected children. In our
study most of the individuals (6/7) with AI had severe
or moderate lung disease (FEV1<40% and 40-70%).

Children with Aspergillus spp. infection faced the
greatest risk of pulmonary exacerbations requiring
hospitalization. Amin et al. have shown a deleterious
effect of AC for baseline pulmonary function, of the
association of chronic A. fumigatus infection with
pulmonary exacerbation requiring hospitalization. There
was a very strong association between Aspergillus spp.
infection and Pseudomonas isolation in the study group
[11]. In the North American Epidemiologic Study of Cystic
Fibrosis (ESCF) and the European Epidemiologic Registry
of Cystic Fibrosis (ERCF), there was increased prevalence
of ABPA in those over 6 years of age, adolescents, those
with impaired lung function, wheezes, and microbial
chronic infection with Pseudomonas aeruginosa,
Burkholderia cepacia, Stenotrophomonas maltophilia and
Candida albicans [17, 20]. In our study most patients
with pulmonary aspergillosis had chronic respiratory
infection with Pseudomonas aeruginosa and one child
with Stenotrophomonas maltophilia (Table II).

In the CF lung, thick, viscous secretions and impaired
mucociliary clearance causes the trapping of mucus, and
colonisation with common respiratory bacteria such
as Haemophilus influenzae, Staphylococcus aureus and
Pseudomonas aeruginosa, and a persistent inflammatory
response in the airways. Widespread use of broad-spectrum
antibiotics has favored the selection of fungi [21].Some
studies investigatedthe association between Pseudomonas
and Aspergillus spp. colonisation and infection[11,14].
A recent large retrospective review in Canadian children
with CF found a significant link between P.aeruginosa
and Aspergillus spp.respiratory infection [11]. There is in
vitro evidence that on the molecular level P. aeruginosa
produces proteases that directly affect and damage
the respiratory epithelium and it has been suggested
that this may promote A. fumigatus sensitization [22].
The interaction between respiratory pathogens like
P. aeruginosa and fungi is likely to be a complex one
and this merits further study. Whether the presence of
both microorganisms simultaneously has a cumulative
effect of damaging respiratory epithelia in CF patients
over time remains to be shown [1].

Due to acute or chronic bacterial respiratory infection,
CF patients frequently receive broad-spectrum antibacterials
via a variety of routes including oral, intravenous and
increasingly nebulised ones, either as prophylaxis or for

treatment of respiratory exacerbations. Several studies
have highlighted the association between nebulized
antibacterials (especially tobramycin) and Aspergillus
spp. isolation from the airway [8, 14, 23]. In our analysis
all the patients with pulmonary aspergillosis received
inhaled antibiotics (Table III). Most of them were treated
with colistin. In Poland inhaled tobramycin was very
expensive, so no patients from our study received such
a treatment.

The selective pressure of antibacterials may reduce
competition and leave an unfilled niche for Aspergillus spp.
colonisation and infection. The type of antibacterial and
the method of administration may have different effects
on Aspergillus spp. acquisition [1]. From the available
evidence, it does appear that inhaled antibiotic therapy,
particularly tobramycin, may be associated with an increase
in AC. It has to be stressed, however, that any potential
clinical implications of AC are largely unknown and
would need to be balanced with the beneficial effects
of antibiotic therapy [1].

Likewise azithromycin might facilitate Aspergillus
colonization [24]. In our study, a long-term azithromycin
regimen was reported in all the children with allergic
bronchopulmonary aspergillosis and in most with an
Aspergillus infection (Table III). Jubin et al reported
that long-term and low-dose azithromycin therapy was
significantly associated with AC. Patients treated with long-
term azithromycin were more frequently colonized with
P aeruginosa than untreated patients (60% vs.28,6%).This
association might be explained by the inhibitory effect of
azithromycin on both the recruitment and the activation
of neutrophils, which represent the first-line defenses
against Aspergillus. Multivariate analysis confirmed that
long-term azithromycin therapy was the only measured
variable independently associated with AC [12].

In patients with persistent respiratory exacerbations
who do not respond to two or more courses of appropriate
oral or intravenous antibiotics and in whom no other
organisms are isolated from respiratory secretions, the
clinical relevance of fungi and whether antifungal therapy
should be started is a dilemma for the CF physician. In our
analysis patients with pulmonary aspergillosis received
antibiotic courses due to pulmonary exacerbation in the
past 6 months before diagnosingAI or ABPA 3.7 and 2.5
times respectively (Table V).

There are a lot of difficulties in recognizing pulmonary
aspergillosis in the context of CF, because of overlapping
clinical, radiological, microbiological and immunological
features. Clinical, imaging, and functional signs
required for diagnosis of pulmonary aspergillosis are
usual symptoms of CE. The recognition of ABPA in
CF remains difficult due to the poor specificity of the
clinical manifestations, such as bronchoconstrictions and
pulmonary infiltrates. Pulmonary infiltrates (Figure 3)
and central bronchiectases on chest radiographs, usually
suggestive of ABPA, are commonly encountered in CF
as a result of chronic bacterial infection and should be
viewed with caution as selective criteria for diagnosis.
The recommended combination of immunological
evidence and clinical manifestations is important.
Positive immune parameters and elevated total serum
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IgE levels in patients experiencing increased coughing
or wheezing, pulmonary infiltrates, or a decrease in
pulmonary function that are unresponsive to aggressive
therapy (increased antibiotics and bronchodilators)
may suggest the diagnosis of ABPA [17].

Similarly patients with Al frequently complain of
constitutional symptoms which can occur during cystic
fibrosis, such as fever, malaise, fatigue, weight loss, in
addition to chronic productive cough and haemoptysis.
Imaging studies, such as chest radiographs and chest
CT scans, usually show different kinds of consolidation,
pleural thickening and cavity lesion in the upper lung
lobes [25]. We confirmed this in our studies analyzing
chest HRCT which showed a focus of massive nodular
parenchymal changes with surrounding halos (Figure
4), patchy consolidation (Figure 5), cavity lesion and
pleural thickening in the upper lobe (Figure 6).

The connection of characteristic clinical and radiological
findings and either serological results positive for Aspergillus,
or the isolation of Aspergillus from respiratory samples
is highly indicative of pulmonary aspergillosis [25].
The combination of specific immunological criteria in
conjunction with clinical deterioration and the newly-
reported appearance of radiological shadowing in patients
poorly responding to antibiotics underlie the diagnosis
of pulmonary aspergillosis.

If pulmonary aspergillosis is diagnosed early and
treated promptly, respiratory symptoms may be decreased,
lung function improved and antibiotic treatments,
such as intravenous antibiotics, reduced. This may also

Fig. 3. Chest CT scan of a 14-year-old girl with ABPA and CF
shows ethereal infiltrates most severe in 6 segments
of both lungs. (CT was performed in the Department
of Diagnostic Imaging of the Institute of Mother and
Child in Warsaw).

Ryc. 3. Tomografia klatki piersiowej 14-letniej dziewczynki
z ABPA i CF przedstawia zwiewne nacieki najbardziej
nasilone w segmentach 6 obu ptuc. (TK wykonano
w Zaktadzie Diagnostyki Obrazowej Instytutu Matki
i Dziecka w Warszawie).

1.00 mm
2100

Fig. 4. An eight-year-old boy’s chest HRCT scan with Al and
CF shows a focus of massive nodular parenchymal
changes with surrounding halos in the 3rd segment of
the left lung; bronchial wall thickening, bronchiectasis
mediocre degree. (CT was performed in the Depart-
ment of Diagnostic Imaging of Institute of Mother
and Child in Warsaw).

Ryc. 4. HRCT klatki piersiowej 8-letniego chtopca z Al i CF
pokazuje ognisko masywnych guzowatych zmian
migzszowych z otaczajgcym “halo” w 3 segmencie
lewego ptuca; pogrubienie scian oskrzeli, rozstrzenia
oskrzeli miernego stopnia.(TK wykonano w Zakta-
dzie Diagnostyki Obrazowej Instytutu Matki i Dziecka
w Warszawie).

prevent long-term damage, such as bronchiectases
and fibrosis. However, due to clinical and radiological
features of pulmonary aspergillosis overlapping with
those of infective exacerbations in CF, diagnosis can be
difficult. Maintaining a high level of clinical suspicion
and then investigating for ABPA and Al is important.
The Cystic Fibrosis Foundation Consensus conference
made suggestions for screening for ABPA in CF [5]
(Table VI). The physician’s suspicion of ABPA and Al
based on multiple clinical, radiological and additional
immunological conditions was considered a reasonable
compromise. The diagnosis should be suspected if there
is a poor response to intravenous antibiotics, a markedly
increased or new-onset wheeze, or pleuritic chest pain.
Diagnosis needs to be confirmed by radiological and
serological testing [3].

Another clinical problem is that Aspergillus syndromes
may co-exist or may progress from one entity to another
[2]. Al in patients with ABPA, like in the case of our
patient, has been sporadically reported in the literature.
In some studies, the invasion by the Aspergillus species is
restricted to the tissues surrounding the bronchiectatic
segments with a granulomatous reaction [26]. This local
invasion by Aspergillus probably develops as a result of
chronic immunosuppression associated with corticosteroids
and/or the presence of underlying chronic lung disease.
Disseminated AT has rarely been described in patients



The clinical presentations of pulmonary aspergillosis in children with cystic fibrosis 77

Fig. 5. Chest HRCT scan of an 7-year-old-boy with Al and CF

shows patchy consolidation in segments 4 and 6 of the
right lung and bronchiectasis with mucous plugs. After
ineffective antifungal treatment the patient had lower

Fig. 6. Chest HRCT scan of a 15.5-year old boy with Al and
CF shows cavity lesion, pleural thickening in the right
upper lobe, bronchiectasis on both sides. (CT was
performed in the Department of Diagnostic Imaging

of the Institute of Mother and Child in Warsaw).
the Department of Diagnostic Imaging of Institute of  Ryc. 6. HRCT klatki piersiowej 15,5-letniego chtopca z Al i CF

right bilobectomy performed. (CT was performed in

Mother and Child in Warsaw).

Ryc. 5. CT klatki piersiowej 7-letniego chtopca z Al and CF
przedstawia zmiany marskie w segmencie 4i 6 ptuca
prawego oraz rozstrzenia oskrzeli z korkami sluzowy-
mi. Po nieefektywnym leczeniu przeciwgrzybiczym
pacjent miat wykonang bilobektomie dolng prawg.
(TK wykonano w Zaktadzie Diagnostyki Obrazowej
Instytutu Matki i Dziecka w Warszawie).

przedstawia jamy oraz zgrubienie optucnej w szczy-
cie ptuca prawego, rozstrzenia oskrzeli obustronnie.
(TK wykonano w Zaktadzie Diagnostyki Obrazowej
Instytutu Matki i Dziecka w Warszawie).

Table VI. Cystic Fibrosis Foundation Consensus suggestions for screening for ABPA in CF [5].
Tabela VI. Propozycje konsensusu Cystic Fibrosis Foundation badan przesiewowych w kierunku ABPA w CF [5].

Suggestions for screening for ABPA in CF:
Sugestie skriningu w kierunku ABPA w CF:

1. Maintain a high level of suspicion for ABPA in patients >6 years of age.
Nalezy utrzymac wysokq czujnos¢ odnosnie mozliwosci wystgpienia ABPA u pacjentdw>6 rz.

2. Determine the total serum IgE concentration annually. If the total serum IgE concentration is 1500 1U/mL,
determine immediate cutaneous reactivity to A. fumigatus or use an in vitro test for IgE antibody to A. fumigatus.
If results are positive, consider diagnosis on the basis of minimal criteria.

Oznaczanie jeden raz w roku stezenia IgE catkowitej w surowicy. Jezeli stezenie IgE catkowiej w surowicy jest
>500 jm/mL, nalezy wykonac test natychmiastowej reakcji skornej z A. fumigatus lub test in vitro na oznaczenie
przeciwciat IgE p/A. fumigatus. Jesli wyniki sq dodatnie nalezy rozwazy¢ mozliwos¢ rozpoznania ABPA
na podstawie minimalnych kryteriow

3. If the total serum IgE concentration is 200-500 IU/mL, repeat the measurement if there is increased suspicion
for ABPA, such as by disease exacerbation, and perform further diagnostic tests (immediate skin test reactivity
to A. fumigatus, in vitro test for IgE antibody to A. fumigatus, A. fumigatus precipitins, or serum IgG antibody
to A. fumigatus, and chest radiography).

Jezeli stezenie catkowitej IgE w surowicy wynosi 200-500 jm/mL, nalezy powtdrzy¢ oznaczenie jezeli istnieje
zwiekszone podejrzenie ABPA na podstawie zaostrzenia choroby i przeprowadzi¢ dalsze badania diagnostyczne
(test natychmiastowej reakcji skdrnej z A. fumigatus, in vitro oznaczenie przeciwciat IgE p/A. fumigatus, oznaczenie
precypityn p/A. fumigatus lub 1gG p/A. fumigatus w surowicy, rtg klatki piersiowej).
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with ABPA. Few case reports describe patients with
cystic fibrosis on high-dose corticosteroids who acquire
a viral infection, like influenza, predisposing them to AI
[27, 28]. The proposed mechanisms for the development
of Aspergillus overlap with syndromes that include
coincidence, the presence of severe underlying lung
disease, corticosteroid therapy (Al in a patient with ABPA),
or Aspergillus fungal exposition. It is also possible that
genetic factors may predispose patients to progress from
one form of aspergillosis to another [2]. For example,
CFTR gene mutations may result in Al Viral illnesses in
a patient with ABPA have rarely been reported as a risk
factor for AI [2]. However, given the paucity of literature
about these cases, there are no validated predictors for
the development of Al in patients with ABPA.

Summarizing, we would like to emphasize that
pulmonary aspergillosis is a serious complication in
cystic fibrosis patients. We confirmed that it was associated
with older age and the use of inhaled antibiotics and
also prophylactic oral antibiotics (azithromycin). In
our study risk factors include: the age over 6 years,
duration of morbidity, chronic respiratory infection
of Pseudomonas aeruginosa, long-term treatment with
azythromycin, inhaled antibiotics, FEV1<40%, the
F508del mutation (the most common in our population),
exocrine pancreatic insufficiency. As our CF patients
become older and as chronic inhaled antibiotics become
pervasive, the prevalence of Al and ABPA are increasing.
Al and ABPA were found in patients with a more severe
disease and treatment burden. The clinician should
maintain a high level of suspicion and then examine
CF patients to avoid the deterioration of pulmonary
function and a faster progression of the lung disease
due to pulmonary aspergillosis.

CONCLUSIONS

Since pulmonary aspergillosis is a very serious
complication in CF children, it seems reasonable to include
screening for early detection of Aspergillus colonization
in the annual assessment of CF patients over 6 years
old. Due to the small size of the sample included in the
study and the retrospective design of our analysis, the
identification of the risk factors of pulmonary aspergillosis
in CF children requires further prospective studies.
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