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Abstract. Aspergillus is a saprophytic mold and its natural habitat is the soil. It is found worldwide indoors and outdoors
in potted soil, compost, freshly cut grasses, decaying vegetation and in sewers. Aspergillus produces a bountiful number of spores
and releases 2—3 micron sized spores into the air daily. It grows best at 37—40 °C, which is similar to the temperature in the lungs.
These spores will remain airborne for a long period of time. It is estimated that humans inhale hundreds of spores daily. Several
fungi other than aspergillus have been known to be implicated. Hence, the term allergic bronchopulmonary mycoses would be
more appropriate unless the specific fungus is identified — which could be candida, helminthosporium, curvularia, bipolaris,
cladosporium, or others. The review article is focused on the prototype allergic bronchopulmonary aspergillosis, its epidemiology,
pathogenesis, diagnosis and treatment. Bronchopulmonary aspergillosis should be considered in patients with poorly controlled
asthma despite appropriate routine therapy and environmental control. The need for frequent courses of corticosteroids with
temporary improvement should raise the index of suspicion and appropriate evaluation be done. Early recognition and prompt
initiation of appropriate corticosteroid treatment regimen would reduce the risk of development or progression of bronchiectasis
and lung tissue damage. Regular follow up and monitoring serum total IgE level can predict exacerbations and should prompt
corticosteroid treatment. Long term follow-up is important as relapses can occur years of remission.
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INTRODUCTION gillosis as “numerous jointed transparent tubes, here

Micheli first described the mold aspergillus matted together, there isolated... mingled with round

in 1729 as it looks like aspergillum, the Latin term  or oval corpuscles, which, however, were larger and
for a device used to sprinkle Holy water [1]. Bennett more developed” [2]. Later, Fresenius described
was the first physician to describe pulmonary asper-  Aspergillus fumigatus as having “green pigmentation
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with no fertile septate hyphae or conidiophores”.
The word fumigatus means smoky in Latin, referring
to the fungus’ smoky blue-gray color. An association
with human disease was first described in 1847
of a woman dying with an unspecified lung infec-
tion [3]. Virchow described four cases of pulmonary
aspergillosis in patients dying of other conditions
in 1856. In 1887, Osler reported the case of a young
woman who coughed up sputum for eleven years
of mycelia and spores of aspergillus. In 1897, Renon
was the first to associate aspergillus with asthma and
that same year, Brown and Feinberg noted that
between 1 and 20% of patients with asthma have
positive skin tests to aspergillus extract [4]. The first
report of allergic bronchopulmonary aspergillosis
(ABPA) was proposed by Hinson et al in 3 patients
in 1952, all of whom were asthmatics presenting
with persistent wheeze, sputum production, fever,
eosinophilia and pulmonary infiltrates. ABPA can be
caused by a variety of aspergillus species, most com-
monly A. fumigatus but other species have been im-
plicated including A. niger, A. flavus, A. nidulans,
A. oryzae, and A. terreus [5].

Aspergillus is a saprophytic mold and its natural
habitat is the soil [5]. It is found worldwide indoors
and outdoors in potted soil, compost, freshly cut
grasses, decaying vegetation and in sewers. Asper-
gillus produces a bountiful number of spores and
releases 2—3 micron sized spores into the air daily
[6]. It grows best at 37—40 °C, which is similar
to the temperature in the lungs. These spores will
remain airborne for a long period of time. It is esti-
mated that humans inhale hundreds of spores daily.

Several fungi other than aspergillus have been
known to be implicated. Hence, the term allergic
bronchopulmonary mycoses (ABPM) would be more
appropriate unless the specific fungus is identified —
which could be candida, helminthosporium, curvu-
laria, bipolaris, cladosporium, or others. In this re-
view article, we will focus on the prototype allergic
bronchopulmonary aspergillosis (ABPA).

EPIDEMIOLOGY

The exact prevalence of ABPA is unknown. It
depends on a variety of factors including the severity
of asthma, presence of immediate hypersensitivity
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to aspergillus, method of detection, and the diagnos-
tic criteria used. It is estimated to affect about 2%
of asthmatics and 1—15% of cystic fibrosis patients
[7], without gender predilection. Typically, it affects
asthma patients in their third or fourth decade [8].

PATHOGENESIS

Based mainly on in vitro studies, multiple theo-
ries have been proposed regarding the pathogenesis
of ABPA.

The most common theory suggests that in pati-
ents with asthma and cystic fibrosis who are geneti-
cally predisposed and have increased pulmonary
mucus viscosity, the inhalation of aspergillus spores
causes colonization and deposition of the hyphae [9].
These hyphae release antigens which are disruptive
to the epithelial barriers impeding mucociliary clear-
ance. This results in the attraction of inflammatory
cells that in turn release cytokines causing inflamma-
tion. The process is hypothesized to have a Th2 cell
predominance over Thl cell causing a release of 1L-4,
IL-5, and IL-13, resulting in eosinophilia and eleva-
tion of IgE [10]. The influx of these inflammatory
cells is directly involved in tissue destruction. In the
lungs, this can cause central bronchiectasis.

A second hypothesis is based on the findings
of a study by Garcia et al who reported a different
pattern of cellular responses in individuals with
ABPA than those with only allergic asthma [11].
They observed a downregulation of chemokine re-
ceptors CCR4 and CXCR3 in vitro by allergen spe-
cific CD4+ T cells of ABPA patients, which is oppo-
site to the effect in patients with only allergic asthma.

A third hypothesis is by Miller et al for cystic
fibrosis patients suggesting that the cystic fibrosis
transmembrane conductance regulator (CFTR) gene
has a greater chance of mutating compared to healthy
controls [12].

The pathogenesis of ABPA is attributed to mu-
coid impaction of the bronchi with fungal hyphae,
eosinophilic pneumonia or bronchitis, and broncho-
centric granulomatosis with tissue eosinophilia [13].
In the airways, septated hyphae with acute dichoto-
mous branching is seen in the lumen without inva-
sion of the mucosa. Aspergillus is found in sputum
cultures in two thirds of patients although often is
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not seen by microscopy. Key findings in sputum are
Curschmann spirals (mucus plugs) and eosinophilic
debris (Charcot-Leyden crystals) [14].

DIAGNOSIS AND EVALUATION

The diagnosis of ABPA should be based on cli-
nical suspicion and supported by radiologic and labo-
ratory findings. An important clinical feature of the
presentation of ABPA is deterioration of pulmonary
symptoms with increased wheezing and shortness
of breath. These patients typically present with fever,
malaise, productive cough with brownish mucus
plugs, and occasionally hemoptysis [15].

The diagnosis is typically suspected in patients
with recurrent asthma or cystic fibrosis exacerba-
tions. It is important to rule out other causes before
committing to the diagnosis of ABPA. Other causes
of bronchiectasis could be post infection, immuno-
deficiency, or ciliary dysfunction. Several other
causes of eosinophilia should also be considered
such as eosinophilic pneumonia, eosinophilic granu-
lomatosis with polyangiitis, hyper eosinophilic synd-

rome, hypersensitivity reactions, and parasitic in-
fections.

In general, the evaluation should consist of ob-
taining a complete blood count, skin prick test to
aspergillus, specific IgE to aspergillus, serum preci-
pitins (or IgG antibody) to aspergillus, chest x-ray,
and a high resolution computed tomography (HRCT)
of the lungs [16]. If the skin prick test is negative,
intradermal testing can be considered. In general,
specific IgE to aspergillus alone suggests sensitiza-
tion only which is not diagnostic of ABPA and is
frequently present in patients with severe eosino-
philic asthma. Total serum IgE should be obtained
as this is useful during monitoring.

ABPA (or ABPM) should be considered among
the cases of poorly controlled asthma or cystic fibro-
sis. Currently, the most widely accepted criteria are
those proposed by Rosenberg and Patterson [17].
In patients with asthma, the severity of their condi-
tion does not determine diagnosis. If most of the
criteria presented in table 1 are met, there is a high
clinical suspicion of ABPA [18].

Tabnnuya 1/ Table 1

Diagnostic criteria for ABPA in asthmatics /
AuvarHocTuyeckue KpUTepumn ansiepruieckoro 6poHxonerovyHoro acneprunnesa (ABJIA) y nauueHTOB ¢ acTMOi

Major Criteria / OCHOBHblE KpUTEPUM

Minor Criteria / BropocTeneHHble Kputepumn

Chronic asthma / XpoHuyeckas actma

Golden brown mucus sputum production /
30/10TUCTO-KOPUYHEBAS CIM3b

Transient pulmonary infiltrates (fleeting) / NMpexoaswue neroyHsie
VHOWALTPAThl (MUMOJIETHBIE)

Sputum positive for Aspergillus /
MokpoTa, nonoxutensHas Ha Aspergillus

Immediate cutaneous hypersensitivity to aspergillus species/
HemepneHHas KoxHas rmnepyyBCTBUTEIbHOCTb K BUAAM acnepruni

Late skin reactivity to aspergillus species /
Mo3Hss KOXHas peakTMBHOCTb Ha BUAbl aCNepruin

Elevated total serum IgE > 1000 ng/mL (417 IU/mL) /
MoBbILLEHHBI 06LLMIA CEIBOPOTOYHBIN IgE > 1000 Hr/mn (417 ME/Mn)

Precipitating antibodies to aspergillus species /
OcaxaeHve aHTUTeN K Bugam acneprun

Blood eosinophilia / 903nHodunns

Elevated serum specific IgG and IgE to Aspergillus /
MoBbilWeHHbIE CbIBOPOTOYHLIE cneundunydeckme IgG n IgE k Aspergillus

Central/proximal bronchiectasis /
LleHTpanbHbIN/NpoKCUMasbHbI BPOHX03KTa3

Adapted from Rosenberg and Patterson [18].

Those criteria were later revised by Greenber-
ger who reported that only asthma, immediate skin
hypersensitivity to aspergillus, total serum IgE
> 1000 ng/mL (> 417 IU/mL) and central bronchi-
ectasis in the absence of distal bronchiectasis is
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required for the diagnosis [19]. Since central bron-
chiectasis is not required for diagnosis, some sug-
gested that patients can be categorized into subgroups:
ABPA-Seropositive and ABPA-Central bronchiec-
tasis [20]. Agarwal and coworkers proposed that
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all patients diagnosed with asthma must be screened
for specific IgE levels to aspergillus [21]. If negative,
total IgE levels and sensitization to other fungi
should be obtained to rule out ABPM. In patients
sensitized to aspergillus, total IgE levels below
1000 TU/mL and uncontrolled asthma suggest severe
asthma with fungal sensitization as an alternative
to ABPA. This subset of patients may benefit from
anti-fungal therapy. In patients with fungal sensitiza-
tion to aspergillus and a total IgE level greater than
1000 IU/mL, clinicians should obtain eosinophil
levels, immediate skin hypersensitivity, and specific
IgG to aspergillus. If any two of the criteria are posi-
tive, ABPA is confirmed and HRCT should be per-
formed for staging of the disease. Although some
authors suggest a significantly higher total serum IgE
level of 1000 IU/mL (2400 ng/mL) for diagnosis [22],
most authors follow the 1000 ng/mL (417 IU/mL)
as a cutoff level. Table 2 shows the diagnostic cri-
teria of ABPA in patients with cystic fibrosis [17].
Testing for IgG antibodies to aspergillus species
(or other suspected molds) is performed by ELISA
assay which replaced testing for precipitins by gel
immunodiffusion [6]. Pulmonary function testing is
valuable in monitoring the disease severity but not
for the diagnosis of ABPA [17]. Spirometry typically
shows an obstructive pattern but can also develop
restriction in late stages of the disease. After treatment

with corticosteroids or during remission, a normali-
zation of these parameters often occur.

RADIOLOGIC FEATURES AND STAGING

Chest x-ray and often HRCT are recommended
during evaluating patients for ABPA. Chest x-ray
can show transient changes such as fleeting patchy
areas of consolidation 17]. The infiltrates can appear
as gloved finger shadows due to mucoid impaction
in dilated bronchi. It can also present as a lobar or
segmental atelectasis. When permanent changes
occur, parallel-line shadows representing bronchial
widening and ring shadows approximately 1—2 cm
in diameter may be visualized. Additionally, it can
be accompanied by pulmonary fibrosis.

High resolution chest tomography can reveal
a variety of parenchymal findings including central
bronchiectasis, consolidation, centrilobular nodules
with tree-in-bud opacities, bronchial wall thickening,
mosaic attenuation, and areas of atelectasis [23].
A characteristic finding of ABPA is bronchiectasis
of greater than two lobes at lobar and segmental
levels in a majority of the airways [14].

Based on radiologic features, criteria have been
incorporated in classifying the stages of ABPA
(Table 3). Five stages have been described: acute,
remission, exacerbation, corticosteroid-dependent
asthma, and fibrotic [24].

Table 2 / Tabrmua 2

Criteria for ABPA in cystic fibrosis patients /
KpuTepumn anneprnyeckoro 6poHXos1eroyHoro acnepruuiesa y nauMeHToB ¢ MyKOBUCLUA030M

Presence of 2/3 criteria
Hannuue 2/3 kputepues

PLUS
naocC

Presence of 2/6
Hanunuve 2/6

Immediate skin hypersensitivity to aspergillus species /
HemepnieHHasa runepyyBCTBUTENIbHOCTb KOXW K BUAAM acneprui

Bronchoconstriction /
Cy>xxeHune 6pOHX0B

Precipitating antibodies to aspergillus species /
QOcaxaeHne aHTUTEN K BUAaM acneprunn

Peripheral blood eosinophilia > 1000/uL /
Do3uHopunmra > 1000/mkn

Total serum IgE > 1000 IU/mL /
O6wWwwii cbiBOpOTOYHBIN IgE > 1000 ME/Mn

Chest x-ray abnormalities (infiltrates, bronchiectasis) /
HapyweHuns peHtreHorpadum rpygHon Knetkm (MHGuneTpaThl,
BOPOHX03KTA3MSA)

Elevated serum specific IgE and IgG to aspergillus species /
MoBbilWeHHbIE CbIBOPOTOYHLIE cneunduydeckne Ige n IgG
K BUgam acneprunn

Aspergillus in sputum /
Aspergillus B MmokpoTe

Response to systemic corticosteroids /
OTBEeT Ha CUCTEMHbIE KOPTMKOCTEPOUIpbI

Modified from Shah and Panjabi [17].
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Table 3 / Tabnvua 3
Staging of ABPA /

Cragum anneprunyeckoro 6p0HXOﬂeI’O"IHOI'0 acneprumnesa

Stage |: Acute /
Ctagms I: octpas

¢

Normal radiographic features or pulmonary infiltrate with mucoid impaction especially
in the upper lobes / HopmanbHble PEHTFEHONOrNMYECKME NPU3HAKN NN NErOYHbIN
MHPUILTPAT CO CN3UCTOM 060104KOM, 0COOEHHO B BEPXHUX A0JIAX

Stage Il: Remission /
Craaus Il: Pemuccus

Radiologic infiltrate clear / Pagmnonormnyeckuii nHpunbTpaT ounwaet
Decreased in total serum IgE and eosinophilia / CHuxeHMe 06LLero cbiIBOPOTOHHOIO

IgE 1 303nHOpMAMN
¢ Prednisone tapered and goal to discontinue / lNpegHn3anoH oTMeHsIeTcs

Stage lll: Exacerbation / *
Cragus lll: obocTpeHne

Reappearance of infiltrates and mucoid impaction in previously cleared areas
or in new ones / NoBTOpPHOE NosIBNIEHME NHOUBTPATOB U CIIN3UCTON 000JI0UKM
B paHee O4YMLLEHHbIX MW HOBbIX y4acTKax

+ Restart treatment with prednisone / Bo3o6HOB/TbL Nle4eHne NpegHn3anoHoM

Stage IV: Corticosteroid-dependent asthma / *
Craaus IV: kopTukocTepon-3aBmcumMas actma

Glucocorticoid-dependent with return of symptoms if tapering or discontinuation is
attempted / 3aBMCMMOCTb OT FNIOKOKOPTUKOMAOB C BO3BPALLLEHNEM CUMNTOMOB
NPV NONbITKE CHUXEHUS 0,03UPOBKN U OTMEHbI

+ Normal chest radiography or fixed pulmonary opacities are visualized / HopmanbHas
peHTreHorpadus rpyaHon KneTkm i GUKCMpOoBaHHbIE NIEFOYHbIE MOMYTHEHUS

Stage V: Fibrotic / *
Cragunsa V: pnbpo3Has

Permanent lung damage (i.e. bronchiectasis, pulmonary hypertension) / NoctosiHHOe
noBpexaeHne nerkux (T.e. BpoHxoakTa3us, neroyHas rmnepTeH3uns)

Modified from Greenberger and Patterson [24].

Patients can initially present at any stage.
Although the common age for ABPA is young and
middle-aged adults, children are not exempt, as
illustrated in the following case.

CASE PRESENTATION

One of our patients was a 12-year-old female
with a history of eczema and persistent asthma since
early childhood. At 8 years of age, she had a severe
asthma exacerbation that required admission to the
intensive care unit for impending respiratory failure.
Since 10 years of age, in spite of adequate routine
asthma therapy, she had many exacerbations requir-
ing frequent emergency treatment and five hospital-
izations. There were no apparent triggers of the exa-
cerbations. She was on combined fluticasone / sal-
meterol 230 mcg / 21 mcg 2 puffs twice daily, lorata-
dine 10 mg in the morning and montelukast 10 mg
at bedtime. However, she experienced a worsening
of her asthma and a decline of her flow function
on spirometry despite strict adherence to medications.
She had persistent wheezing that required the intake
of albuterol inhaler 3—4 times daily. She also re-
ceived prednisone courses numerous times, includ-
ing more than ten times during the past year, with
improvement for short durations. During the recent
hospitalization, the Allergy/Immunology service
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was consulted. Her CBC was within normal limits,
including absolute eosinophil count (100/uL) but
the test was done while she was on systemic cortico-
steroid administration. Her serum total IgE level was
2040 IU/mL raising suspicion of ABPA. Serum spe-
cific antibodies to aspergillus were elevated for both
IgE (28.5 TU/mL) and IgG (23.7 IU/mL). Chest
X-ray showed bilateral hyperinflation, streaky atelec-
tasis in the right middle lobe, and peribronchial
cuffing. HRCT of the lungs did not show any infil-
trates or bronchiectasis. She did meet the majority
of ABPA criteria and was treated with 40 mg pred-
nisone daily until follow up in the clinic. At follow
up after two weeks, she reported marked improve-
ment in her asthma symptoms, but continued to ex-
perience nocturnal chest tightness and coughing. Her
spirometry revealed a FEV1 1.23 L (53%), FVC
2.10 L (81%), FEV1/FVC 59%, and FEF 25—75%
0.56 L/s (18%). Her IgE level dropped to 1350 IU/mL.
Her eosinophil count was very low due to predni-
sone intake. The prednisone dose was reduced to
40 mg every other day (EOD) and beclomethasone
dipropionate 1 puff twice a day was added to her
regimen to improve small airway inflammation.
After one month, she reported dramatic improvement
in her symptoms and minimal nocturnal symptoms.
Repeat spirometry showed a FEV1 1.95 L (81%),
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FVC 2.45 L (92%), FEV1/FVC 80%, FEF 25—75%
1.80 L/s (51%). Her IgE level remained relatively
stable at 1410 IU/mL. Due to subjective and objec-
tive improvement, her prednisone was decreased
to 30 mg EOD until follow-up in two weeks. The
drop of her initial IgE level from 2040 IU/mL to
1220 IU/mL after four months was associated with
improvement in her FEV1 from 59% predicted to
81% predicted. She will continue regular follow up
in the clinic and gradually reduce the prednisone
dose according to her clinical course.

TREATMENT

The primary goals of treatment are to prevent
the development or progression of bronchiectasis,
preserve lung function, and improve pulmonary phy-
siology. In general, inhaled corticosteroids are in-
effective in preventing acute ABPA episodes [15].
Oral corticosteroids are the mainstay of therapy [25].
It is recommended to complete a minimal of three
months of treatment starting with prednisone
0.5 mg/kg/day for two weeks, then alternate days for
three months followed by staging of the disease. Some
experts start at a higher dose at 0.75 mg/kg/day for
6 weeks, followed by 0.5 mg/kg/day for 6 weeks,
and eventually taper over a period of 6—12 months
to prevent disease recurrence [26]. There are no
studies comparing regimens at this time, although
most experts tend to favor longer therapy with higher
dosages of prednisone [27]. Monitoring of total
serum IgE level monthly is important in determining
duration of treatment as well as in predicting pend-
ing relapse. In general, aiming for 35% reduction
in IgE is suggestive of a good response and decreases
the likelihood of relapse. It is important to consider
the patient’s clinical response, as occasionally the
level of IgE does not drop by 35% when the initial
total IgE is less than 2500 IU/mL [28].

In patients with corticosteroid-dependent ABPA,
Stevens and coworkers reported clinical improve-
ment with the use of 200 mg of itraconazole twice
a day [29]. Liver function should be monitored
regularly, and treatment is typically for three to six
months although this varies depending on the re-
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sponse [30]. The mechanism of action is thought
to be due to a decrease in antigenic stimulus that
causes inflammation in the bronchi [31]. Another
proposed hypothesis is that it causes increased levels
of serum corticosteroids by interfering with the me-
tabolism. A major concern is that adrenal suppression
has been observed with concomitant use of cortico-
steroids and itraconazole [32]. Voriconazole and
posaconazole have also been used and has improved
tolerance and bioavailability [33], but there are no
studies that showed superiority over itraconazole.

Anti-IgE (omalizumab) therapy using doses
recommended for asthma, showed promising re-
sults with improvement in respiratory symptoms
in patients with ABPA [34]. In one study, sixteen
adult asthmatic ABPA patients were treated with
omalizumab for one year and had clinical improve-
ment with fewer asthma exacerbations and requiring
lower doses of corticosteroids. Currently, omalizu-
mab is based on weight and total serum IgE and
majority of patients exceed the recommended dose
range due to grossly elevated IgE [14]. Based on
available data, it remains a second line option for
patients with ABPA.

Immunotherapy with aspergillus or other fungi
have not been fully evaluated and is currently not
recommended for treatment [35]. Patients who are
on immunotherapy for allergic rhinitis can continue
treatment safely.

CONCLUSION

ABPA should be considered in patients with
poorly controlled asthma despite appropriate routine
therapy and environmental control. The need for fre-
quent courses of corticosteroids with temporary im-
provement should raise the index of suspicion and
appropriate evaluation be done. Early recognition and
prompt initiation of appropriate corticosteroid treat-
ment regimen would reduce the risk of development
or progression of bronchiectasis and lung tissue da-
mage [36]. Regular follow up and monitoring serum
total IgE level can predict exacerbations and should
prompt corticosteroid treatment. Long term follow-up
1s important as relapses can occur years of remission.

67



Pammvu 1’Menno, Kunaiikon Cacukymap, baxna Camu JI. Becmuux PY/H. Cepus: Meouyuna. 2019. T. 23. Ne 1. C. 62—69

10.

11.

12.

13.

14.

15.

68

REFERENCES

. Centers for Disease Control and Prevention. Etymologia:

Aspergillus. Emerg Infect Dis. 2006;12(3):415.

Lee J. Discovery of Aspergillus as a Human Pathogen. Re-
trieved January 15, 2019, from http:/www.antimicrobe.org/
hisphoto/history/Aspergillus-Human%?20Pathogens.asp.
Macartney JN. Pulmonary Aspergillosis: A Review and
a Description of Three New Cases. Thorax. 1964;19(4):
287—297.

Hinson KF, Moon AJ, Plummer NS. Broncho-pulmonary
aspergillosis; a review and a report of eight new cases.
Thorax. 1952;7(4):317—333.

Latgé JP. Aspergillus fumigatus and Aspergillosis. Clin
Microbiol Rev.1999; 12(2):310—350.

Knutsen AP, Slavin RG. Allergic bronchopulmonary
aspergillosis in asthma and cystic fibrosis. Clin Dev
Immunol. 2011;2011:843763:1—13.

Patterson K, Strek ME. Allergic Bronchopulmonary
Aspergillosis. Proc Am Thorac Soc. 2010;7(3):237—44.

. Tillie-Leblond I, Tonnel AB. Allergic bronchopulmonary

aspergillosis. Allergy. 2005;60(8):1004—1013.

Amitani R, Kawanami R. Interaction of Aspergillus with
human respiratory mucosa: a study with organ culture
model. Med Mycol. 2009;47 Suppl 1:S127—131.
Kauffman HF, Tomee JF, van der Werf TS, de Mon-
chy JG, Koeter GK. Review of fungus-induced asthmatic
reactions. Am J Respir Crit Care Med. 1995;151(6):
2109—2116.

Garcia G, Humbert M, Capel F, et al. Chemokine receptor
expression on allergen-specific T cells in asthma and
allergic bronchopulmonary aspergillosis. Allergy. 2007,
62(2):170—177.

Miller PW, Hamosh A, Macek M, Jr., et al. Cystic fibrosis
transmembrane conductance regulator (CFTR) gene
mutations in allergic bronchopulmonary aspergillosis.
Am J Hum Genet. 1996;59(1):45—51.

Ueki S, Hebisawa A, Kitani M, Asano K, Neves JS.
Allergic Bronchopulmonary Aspergillosis-A Luminal
Hypereosinophilic Disease With Extracellular Trap Cell
Death. Front Immunol. 2018;9(2346):1—9.

Douglass JA, Sandrini A, Holgate ST, O’Hehir RE.
(2013). Allergic Bronchopulmonary Aspergillosis and
Hypersensitivity Pneumonitis. In: N. Adkinson Jr, B. Boch-
ner, A. Burks, W. Busse, S. Holgate, R. Lemanske,
R. O'Hehir (Eds.), Middleton's Allergy Principles and
Practice 8" edition: 2-Volume Set. (pp1000—1012).
Philadelphia, PA: Elsevier Saunders.

Akuthota P, Weller P. (2017, June 29). Clinical manifes-
tations and diagnosis of allergic bronchopulmonary asper-
gillosis — UpToDate. Retrieved January 15, 2019, from
https://www.uptodate.com/contents/clinical-manifestations-
and-diagnosis-of-allergic-bronchopulmonary-aspergillosis?
search=abpa&source=search_result&selectedTitle=1~51
&usage type=default&display rank=1#H1248738776.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Agarwal R, Maskey D, Aggarwal AN, et al. Diagnostic
Performance of Various Tests and Criteria Employed in
Allergic Bronchopulmonary Aspergillosis: A Latent Class
Analysis. PLoS One. 2013;8(4)e61105:1—7.

Shah A, Panjabi C. Allergic Bronchopulmonary Asper-
gillosis: A Perplexing Clinical Entity. Allergy Asthma
Immunol Res. 2016;8(4):282—297.

Rosenberg M, Patterson R, Mintzer R, Cooper BJ, Ro-
berts M, Harris KE. Clinical and immunologic criteria for
the diagnosis of allergic bronchopulmonary aspergillosis.
Ann Intern Med. 1977;86(4):405—414.

Greenberger PA. Allergic bronchopulmonary aspergillosis.
J Allergy Clin Immunol. 2002;110(5):685—692.
Agarwal R, Khan A, Gupta D, Aggarwal AN, Saxena AK,
Chakrabarti A. An alternate method of classifying allergic
bronchopulmonary aspergillosis based on high-attenuation
mucus. PLoS One. 2010;5(12):¢15346:1—9.

Agarwal R, Chakrabarti A, Shah A, et al. Allergic bron-
chopulmonary aspergillosis: review of literature and pro-
posal of new diagnostic and classification criteria. Clin
Exp Allergy. 2013;43(8):850—873.

Agarwal R, Aggarwal AN, Gupta D, Jindal SK. Asper-
gillus hypersensitivity and allergic bronchopulmonary
aspergillosis in patients with bronchial asthma: systematic
review and meta-analysis. Int J Tuberc Lung Dis. 2009;
13(8):936—944.

Menzies D, Holmes L, McCumesky G, Prys-Picard C,
Niven R. Aspergillus sensitization is associated with
airflow limitation and bronchiectasis in severe asthma.
Allergy. 2011;66(5):679—685.

Greenberger PA, Patterson R. Allergic bronchopulmonary
aspergillosis. Model of bronchopulmonary disease with
defined serologic, radiologic, pathologic and clinical
findings from asthma to fatal destructive lung disease.
Chest. 1987;91(6 Suppl):165s—171s.

Patterson R, Greenberger PA, Halwig JM, Liotta JL,
Roberts M. Allergic bronchopulmonary aspergillosis.
Natural history and classification of early disease by sero-
logic and roentgenographic studies. Arch Intern Med.
1986;146(5):916—918.

Agarwal R, Gupta D, Aggarwal AN, Behera D, Jindal SK.
Allergic bronchopulmonary aspergillosis: lessons from 126
patients attending a chest clinic in north India. Chest.
2006;130(2):442—4438.

Limper AH, Knox KS, Sarosi GA, et al. An official Ame-
rican Thoracic Society statement: Treatment of fungal
infections in adult pulmonary and critical care patients.
Am J Respir Crit Care Med. 2011;183(1):96—128.
Agarwal R, Gupta D, Aggarwal AN, et al. Clinical signi-
ficance of decline in serum IgE levels in allergic broncho-
pulmonary aspergillosis. Respir Med. 2010;104(2):204—
210.

Stevens DA, Schwartz HJ, Lee JY, et al. A randomized
trial of itraconazole in allergic bronchopulmonary asper-
gillosis. N Engl J Med. 2000;342(11):756—762.

OB30P. UMMVYHOJIOT . AJUIEPT OJIOI'UA



Rashmi D’Mello, Sasikumar Kilaikode, Sami L. Bahna. RUDN Journal of Medicine, 2019, 23 (1), 62—69

30. Stevens DA, Moss RB, Kurup VP, et al. Allergic bron- 33. Chishimba L, Niven RM, Cooley J, Denning DW. Vori-

chopulmonary aspergillosis in cystic fibrosis-state of the conazple and posaconazole impr.ove. asthma severity in
art: Cystic Fibrosis Foundation Consensus Conference. allergic bronchopulmonary aspergillosis and severe asthma
Clin Infect Dis. 2003;37(Suppl 3):S225—264. with fungal sensitization. J Asthma. 2012;49(4):423—433.

31. Patterson TF, Thompson GR, 3rd, Denning DW, et al. 34. Tillie-Leblond I, Germaqd P,. Leroyer Q, et al. Allergic
bronchopulmonary aspergillosis and omalizamab. A/lergy.

2011;66(9):1254—1256.
. Knutsen AP, Bush RK, Demain JG, et al. Fungi and
allergic lower respiratory tract diseases. J Allergy Clin

Practice Guidelines for the Diagnosis and Management
of Aspergillosis: 2016 Update by the Infectious Diseases 35
Society of America. Clin Infect Dis. 2016;63(4):e1—e60.

32. Parmar JS, Howell T, Kelly J, Bilton D. Profound adrenal Immunol. 2012;129(2):28()*291.
suppression secondary to treatment with low dose inhaled 36. Tracy MC, Okorie CUA, Foley EA, Moss RB. Allergic
steroids and itraconazole in allergic bronchopulmonary Bronchopulmonary Aspergillosis. J Fungi (Basel). 2016;
aspergillosis in cystic fibrosis. Thorax. 2002;57(8):749—750. 2(2)17:1—18.
7 © Rashmi D’Mello, Sasikumar Kilaikode, Sami L. Bahna, 2019
;@I This work is licensed under a Creative Commons Attribution 4.0 International License

Received 16.02.2019
Accepted 14.03.2018

DOI: 10.22363/2313-0245-2019-23-1-62-69
AJUTEPTUMECKUW BPOHXOJIErTOYHbIN ACMEPIUJIJIES

Pammu 1'Mesto', Cacukymap Kunaiikon®, Camu JI. Baxna'

'Allergy and Immunology Section, Louisiana State University Health Sciences Center,
Shreveport, Louisiana, U.S.A.
?Pediatric Pulmonary Section, Louisiana State University Health Sciences Center,
Shreveport, Louisiana, U.S.A.

Aspergillus sBisleTcss canpo(hUTHON IIECEHbIO, €r0 €CTECTBEHHOHN cpefoii 0OMTaHus sBisseTcsa mouBa. OH BeTpedaeTcs
110 BCEMY MHPY B ITOMEIICHUAX U HAa OTKPBITOM BO3JIyX€E, B IIOYBE JIOMAIIIHUX PACTCHHUH, KOMIIOCTE, CBEKECKOIIICHHBIX TPaBax,
THHIOIIEH PACTUTEILHOCTH U B KaHam3anuu. Aspergillus mpou3BoguT 0OJIBIIOE KOJHUECTBO CIIOP M BBITYCKAET CIIOPHI Pa3MEpOM
2—3 MHKpOHa B BO31yX exkeHeBHO. Jlydie Bcero pactet npu 37—40 °C, 4To COOTBETCTBYET TEMIIEPAType B JIETKUX. DTU CIIOPHI
OCTalOTCS B BO3AYXE B TCUCHHUE JJIUTEIBHOrO MepHojia BpeMeHU. I1oacunTaHo, 4To JIIOAH €KEIHEBHO BIBIXAIOT COTHHU CIIOP.
H3BecTHO, 4TO 3a00JIeBaHMs BBI3BIBAIOT HE TONBKO Aspergillus, Ho u apyrue rpubsl. ClenoBaTelIbHO, TEPMUH «aJIIEPTHYECKHe
OPOHXOJIETOYHBIE MHKO3bI» ObLT ObI OOJIEE YMECTHBIM, IIOKA HE HACHTHU(GUIMPOBAH KOHKPETHBINA I'pr0, KOTOPBIM MOXKET OBIThH
KaHJUJI0M, TeIbMUHTOCIIOPHUEM, KYPKYJISpUeH, OMIOJIMPHCOM, KIagocrnopueM Wi apyrumu. O030pHas CTaThs MOCBSIICHA
MPOTOTHITY AJUIEPTHYSCKOI0 OPOHXOJIETOYHOTO aClepruiiie3a, ero SMUASMUOIOTHH, TATOTeHe3y, JUArHOCTUKE U JICUCHHIO.
bponxomerouynslii acepruiie3 BO3MOKEH y ITAIUCHTOB C IJI0X0 KOHTPOJIUPYEMOM aCTMOM, HECMOTPS Ha COOTBETCTBYIOIIYIO
PYTUHHYIO TEPAIMIO ¥ KOHTPOJIb OKPY’KAaIOIIeH cpepl. PaHHee pacrno3HaBaHUE U CBOCBPEMEHHOE HA4Yaja0 COOTBETCTBYIOLICH
CXeMBbI JICUECHHST KOPTUKOCTEPOUIAMHU YMEHBIIUT PUCK PA3BUTHUS WM MPOIPECCUPOBAHKS OPOHXOIKTA30B M TMOBPEKICHUS TKAHEH
JIerKuX. PerynspHoe HaOII0eHUE 1 MOHUTOPHUHT 00111ero ypoBHs IgE B CBIBOPOTKE MOTYT HpeAcKa3aTh 000CTPEHHUS U JIOJIKHBI
COTNPOBOXKIATh TEPAIMHIO KOPTHKOCTEPOUIaMH. BakHO TONITOCpOYHOE HAOIOACHNE, TOCKOJIBKY PEIUANBBI MOTYT TPOU30UTH
4yepe3 rojibl PEMUCCHUH.
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acTMa, acTMa, MyKOBHCIIH103, OPOHX0IKTa3, aCIIepruiuies
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