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Hai-Wen Lu' | Bei Mao' | Ping Wei' | Sen Jiang” | Hong Wang' | Cheng-Wei Li' |
Xiao-Bing J i' | Shu-YiGu' | Jia-Wei Yang1 | Shuo Liang1 | Ke-Bin Cheng1 |
Jiu-Wu Bai'! | Wei-Jun Cao' | Xin-Ming Jia! | Jin-Fu Xu!

1 . .e
Department of Respiratory and Critical
Care Medicine, Shanghai Pulmonary Abstract

Hospital, Tongji University School of Introduction: The characteristics of Allergic Bronchopulmonary Aspergillosis

Medicine, Shanghai, China (ABPA) based on its radiological classification is still unclear.

5 . .
PDmemen;IOf Ra‘i“i(’gyﬂ_sgar,‘ghaf Objectives: To investigate the clinical significances of ABPA patients with central

ulmonary Hospital, Tongj1 University . ) . . . e .
School of Medicine, Shanghai, China bronchiectasis (ABPA-CB) by different radiological classifications of mucus plugs.

Methods: ABPA-CB patients from a pulmonary hospital between 2008 and 2015

Correspondence were retrospectively included and analysed. According to the chest imaging in their

Jin-Fu Xu, Department of Respiratory
and Critical Care Medicine, Shanghai first visit to physician, the ABPA-CB patients were divided into two groups based
Pulmonary Hospital, Tongji University on the presence of high-attenuation mucus (HAM) or low-attenuation mucus (LAM).
School of Medicine, No. 507 Zhengmin
Road, Shanghai 200433, China

Email: jfxucn @gmail.com drawal. The relationship between the imaging findings and the clinical prognosis was

The primary endpoint was ABPA relapse within 1 year since the glucocorticoid with-

illuminated.
Funding information . : :
Shanghai Hospital Development Center, Results: A total of 125 ABPA patients were analysed in this study. Compared to the
Grant/Award Number: 16CR3036A; LAM group, the HAM group presented higher blood eosinophil cells counts, higher
Shanghai Municipal Commission of

Health and Family Panning, Grant/Award .
Number: 201740019; Shanghai Leading black mucus plugs, more affected lobes and segments, poorer pulmonary function

rates of Aspergillus detection isolated in sputum and expectoration of brownish-

Talent Program, Grant/Award Number: and higher rate of relapse.
2016036; National Science Foundation of

China, Grant/Award Number: 81670006 Conclusions: The clinical characteristics and prognosis of ABPA-CB patients are

Fundamental Research Key Funds for the closely related to its radiological phenotype of mucus plugs in the central bronchiec-
Central Universities, Grant/Award Number: tasis. Clinicians should promote a diversity of personalized treatments for different
2017ZD002

patients with different radiological characteristics.

KEYWORDS

allergic bronchopulmonary, aspergillosis, prognosis, radiology

Hai-Wen Lu and Bei Mao authors contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
work is properly cited.

© 2019 The Authors. The Clinical Respiratory Journal published by John Wiley & Sons Ltd

140 wileyonlinelibrary.com/journal/crj Clin Respir J. 2020;14:140-147.


www.wileyonlinelibrary.com/journal/crj
mailto:﻿
https://orcid.org/0000-0002-8039-8973
http://creativecommons.org/licenses/by/4.0/
mailto:jfxucn@gmail.com

LU ET AL.

1 | INTRODUCTION

Allergic bronchopulmonary aspergillosis (ABPA) is a re-
spiratory disease characterized by a hypersensitive immune
response to Aspergillus infection, whose pathogenesis depen-
dents on individual gene susceptibility.l Recently, we iden-
tified the homozygous CARD9 mutation encoding S12N in
patients with ABPA and revealed the activation of RelB and
production of IL-5 in peripheral blood mononuclear cells
from these patients.2 ABPA most commonly occurs as a co-
morbidity in patients with asthma and cystic fibrosis, and it
is estimated to complicate the disease course in 1%-12.9%
of patients suffering from chronic persistent asthma®> and
in 38.6% of patients admitted to the intensive care unit.®
A study of 200 Chinese bronchial asthma patients showed
that 11 (11/200, 5.5%) presented a positive Aspergillus skin
prick test, including five (5/200, 2.5%) cases diagnosed with
ABPA.” Taking into account that ABPA exists in asthma and/
or bronchiectasis patients, implies that ABPA is not a rare
disease in China and that its morbidity has been underesti-
mated for a long time.

Radiologically, ABPA is characterized by CB with re-
current episodes of mucus plugging.&9 Some cases exhibit
HAM.>!'%'? Studies have shown that ABPA patients with
different radiological findings can exhibit significant clinical
heterogeneity.1 Therefore, critical classification and analysis
of ABPA patients based on their radiological results are es-
sential to improve treatment and prognosis in the ABPA-CB
patients.

In the present study, we analysed 125 patients diagnosed
with ABPA-CB within the last 7 years; 101 (80.8%) partici-
pated in the prospective follow-up. The patients were divided
into two groups based on the presence of HAM. Immune
indices, pulmonary function tests, treatment and prognosis
were statistically analysed. We also investigated the clinical
correlations and distinctions between ABPA-CB patients
with different types of radiological findings to increase our
knowledge of the disease, better guide treatment and predict
outcomes.

2 | MATERIALS AND METHODS

2.1 | Subjects

We analysed the clinical data of ABPA-CB patients at
Shanghai Pulmonary Hospital, Tongji University, from
January 2008 to December 2015. All patients were diagnosed
according to the Aspergillosis treatment guidelines developed
by the Infectious Diseases Society of America in 2008."% The
diagnosis of all patients was confirmed by three respiratory
physicians and the CT scans were evaluated by one radiolo-
gist and one respiratory physician. The study protocol was
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approved by the Ethics Committee of Shanghai Pulmonary
Hospital and written informed consent was obtained from all
patients.

2.2 | Study and follow-up protocols

The 125 patients diagnosed with ABPA-CB were confirmed
with complete information in accordance with diagnosis
standards and were included in this study. Data of demograph-
ics, cigarette smoking, history of anti-tuberculous therapy,
respiratory symptoms, laboratory tests (including serologi-
cal findings), imaging findings, spirometry, treatment and
outcome were collected from the hospital medical records.
After they discharged from the hospital, patients visit the
clinic every 4-6 weeks to reassess the condition and adjust
the drug dose according to the chest imaging and blood test,
such as total IgE, blood cell count and the function of liver
and kidney. The glucocorticoid was withdrew after compre-
hensive evaluation of the condition by physicians. After the
drug withdrawal, patients was followed up every 3 months to
assess the condition according to the chest imaging and total
IgE. Patients were identified as having relapsed if total IgE
reached twice baseline levels with a deterioration in the clini-
cal and the radiological outcomes.'*!'” The primary endpoint
was ABPA relapse within 1 year since the glucocorticoid
withdrawal. A total of 101 patients participated in monthly
follow-up from December 2011, and relevant patient infor-
mation was obtained at regular clinic visits (every 4-6 weeks)
and by telephone until the final follow-up on December 31,
2015. The detailed research and follow-up process is shown
in Figure 1. Patients were divided into ABPA-CB-LAM

125 ABPA-CB included
In the study

Sorted via
chest imaging

e

HAM LAM
n=50 n=75
Follow-up Follow-up
n=38 n=63
Relapse Relapse
n=25 n=25

FIGURE 1 Flow chart. Study design and subject disposition
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and ABPA-CB-HAM based on high-resolution chest com-
puted tomography (HRCT) in their first visit to physicians.
The criteria for CB were based on the radiographic evidence
of bronchiectasis limited to the medial half of the lung.l&19
Presence or absence of HAM (70-90HU) with attenuation
higher than the skeletal muscles was observed.”'? Clinical
characteristics and prognosis were compared and analysed
between the two groups.

2.3 | Statistical analysis

The statistical package SPSS (version 16.0; SPSS, Chicago,
IL, USA) was used for the statistical analyses. Graphs were
drawn in GraphPad Prism (version 5; GraphPad Software,
San Diego, CA, USA). The data were tabulated as mean +
standard deviation in the case of quantitative variables and as
absolute numbers and percentages in the case of qualitative
variables. In the bivariate analysis, the # test for independent
variables was used to analyse variables that were normally
distributed, such as eosinophil counts. The Mann-Whitney
U test was used to analyse variables that were not normally
distributed, such as the measure of the pulmonary function.
Qualitative variables were compared using the chi-squared
test, such as the number of expectorations of brownish-black
mucus plugs and the frequency of relapse. Significance was
assumed at P < .05.

69

(D)

3 | RESULTS
Among patients with significant mucoid impaction, mucus
density measurements manifested as high attenuation CT
values of 86 Hounsfield units (Hu) to 129 Hu. CT scans
and bronchoscopy images of patient with HAM or LAM
before and after the comprehensive treatment are shown in
Figures 2 and 3. Of the 125 ABPA-CB patients, 101 fully
completed the follow-up and 50 patients relapsed. Fifty pa-
tients were identified for the HAM subgroup of ABPA-CB.

The demographic details, clinical features, serological
findings and spirometry results in ABPA-CB groups were
shown in Table 1. HAM group presented younger age than
the LAM group. The HAM group also presented higher
Aspergillus detection rate in the sputum samples and more
expectoration of brownish-black mucus plugs. Eosinophil
counts were higher in the HAM group than the LAM group.
In addition, spirometry data showed that the HAM group
had lower FEV1% and PEF% than the LAM group, which
means greater damage to the pulmonary function. On CT
images, the HAM group presented more extensive invasion
of the pulmonary structure. In terms of prognosis, there
was a higher relapse rate in the HAM group than the LAM
group.

Of the 125 ABPA-CB patients, 101 fully completed the
follow-up and 50 patients relapsed. The clinical, serological
and spirometric data in ABPA-CB patients according to the

FIGURE 2 CT scans and bronchoscopy images of HAM before and after the comprehensive treatment. (A,B,C): before the treatment.

(D,E,F): after the treatment



LU ET AL.

FIGURE 3 CT scans and bronchoscopy images of LAM before and after the comprehensive treatment. (A,B,C): before the treatment.

(D,E,F): after the treatment

disease relapse were shown in Table 2. The relapsed patients
showed higher eosinophil counts, expectoration of brown-
ish-black mucus plugs and mucus density values, as well as
higher proportion of HAM patients compared to the patients
without any relapse. Factor associated with the relapse of
ABPA-CB was eosinophil count (OR 1.001, P = .04) accord-
ing to the regression analysis. Eosinophil count in blood was
an independent risk factor of the disease relapse in ABPA
patients with central bronchiectasis.

The correlation coefficients between the CT value of mucus
and clinical characteristics were shown in Figure 4. Factor
positively correlated with the CT value of mucus was eosin-
ophil counts in blood (r = .419, P < .001). Factors negatively
correlated with the CT value of mucus were age (r = —0.255,
P=.004),FEV,% (r=—0.218, P =.037) and PEF% (r = —.299,
P =.004).

4 | DISCUSSION

ABPA is a complex disorder caused by a hypersensitive
immune reaction to antigens that are released by Aspergillus
species, most often A. fumigatus.***' The common symptoms
include wheezing, haemoptysis, low-grade fever, produc-
tive cough' and notably the expectoration of brownish-black
mucus plugs, which is considered to be a characteristic clini-
cal manifestation of the disease.”® Among the 125 patients in

our study, 64 (51.2%) had a history of brownish-black mucus
plugs, which is comparable to previous studies.?” Because of
the insidious onset of ABPA, its clinical symptoms are atypi-
cal and can often be mistaken for tuberculosis, bronchiectasis
and pulmonary arteriovenous fistula, > Unrecognized or
poorly treated ABPA leads to airway damage, bronchiectasis,
and/or pulmonary fibrosis, eventually resulting in significant
morbidity and mortality.2 In order to improve diagnostic ac-
curacy, more clinical examinations should be carried out for
patients with symptoms typical of ABPA, such as brownish-
black mucus plugs and refractory wheezing.

One common indicator for the diagnosis of ABPA is the
patient’s peripheral blood eosinophil count exceeding 1000
cells/uL." However, as many as 60% of ABPA patients pres-
ent eosinophil counts <1000 cells/pL at diagnosis.25 In our
study, 12 patients (9.6%) had eosinophil counts <500 cells/
pL, further indicating that the use of eosinophil count exceed-
ing 1000 cells/pL as a screening criterion for ABPA may be
conducive to misdiagnosis.26 In this research, the eosinophil
count was significantly higher in ABPA-HAM group com-
pared with ABPA-LAM group.

High-resolution chest CT is the preferred method of ra-
diological investigation in ABPA patients, as it can detect
bronchiectasis, mucoid impaction, centrilobular nodules,
tree-in-bud opacities, mosaic attenuation and pleuropulmo-
nary fibrosis.?”*® Mucus impaction in ABPA is usually hy-
podense, but in some patients, it is known to appear denser
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TABLE 1 Clinical, spirometric and serological differences and
outcomes in patients with ABPA-CB

ABPA-CB

HAM LAM P-value
N 50 75
Demographic details
Age, years (X + 8) 40.2 + 14.1 475+ 125 .003
Gender, no. of males (%) 25 (50%) 35 (46.7%) 72
History
Hemoptysis, n (%) 5 (10%) 8 (10.7%) 91

Expectoration of brownish- 33 (66%)
black mucus plugs, n (%)

31 41.3%)  .007

Laboratory examination

Eosinophil count, cells/mL  2.181 £ 0.77  1.52 + 0.69 <.001
(10°/L, x + 8)

Aspergillus detection in 26 (52%) 20 (26.7%) .004
sputum specimens, n (%)

Specific IgE against asper- 39 (39) 61 (63) 1
gillus > 0.35 KU/L, n (N)

Skin test positive, n (N*) 29 (33) 38 (45) 0.919

Spirometry

FEV1% (x +s) 587+148 659+162 .03

FVC% (x + s) 824+109 824+98 .99

FEV1/FVC% (x + s) 633+142 64.1+x144 78

PEF% (x +s) 57.1+147 65.6+134  .005

HRCT findings

CT value 103.7 +15.1 40.0+20.2  <.001

No. of lobes (x + s) 3.0+09 2.5+09 .001

No. of segments (X + s) 58+ 1.8 49+ 1.7 .006

Clinical outcome (n = 101)

N 38 63

No. of relapses (%) 25 (65.8%) 25 (39.7%) .01

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; CB, central
bronchiectasis; HAM, high-attenuation mucus; IgE, immunoglobulin E; FEV1,
forced Expiratory Volume in 1s; FVC, forced vital capacity; PEF, peak expira-
tory flow.

N": The number of patients who were tested.

than the paraspinal skeletal muscle, which this is defined
as HAM. In our study, 125 cases presented CB with mucus
plug incarceration, 50 (40.00%, 50/125) of which were
found to have HAM, which is roughly in agreement with the
proportions reported in the literature.'> We conclude that
bronchiectasis affecting three or more lobes, centrilobular
nodules and mucoid impaction are strongly suggestive of
ABPA.

Analysis of radiographic results is essential to deter-
mine what further diagnostic steps should be taken and a
clinician with no knowledge of the radiographic character-
istics of ABPA can easily misdiagnose patients on the first

TABLE 2  Comparisons of patients with ABPA-CB based on
relapse or not

Relapse Non-relapse  P-value
N 50 51
Demographic details
Age, years (X £ s) 440+133 459+143 .49
Gender, no. of males (%) 28 (56%) 25 (49%) 48
History
Hemoptysis, n (%) 5 (10%) 6 (11.8%) 78
Expectoration of 33 (66%) 21 (41.2%) .01
brownish-black Mucus
plugs, n (%)
Anti-tuberculosis 27 (54%) 21 (41.2%) .20
Laboratory examination
Eosinophil count, cells/ 1.98 + 0.76 1.52 + 0.74 .003
mL (10°/L, x + 5)
Aspergillus detection in 22(44%) 14(27.5%) .08
sputum Specimens, n (%)
Spirometry
FEV1% (x +s) 60.1 + 14.1 67.1+175 .06
FVC% (x + 5) 826+ 11.1 831+11.1 .83
FEVI/FVC% (x + s) 620+ 11.8 674 +15.0 .09
PEF% (x + s) 598 £ 144 654+ 149 .10
HRCT findings
CT value 75.1 £33.0 548 +329 .003
No. of lobes (x + s) 2.78 + 0.95 2.49 +0.95 13
No. of segments (x + s) 53+1.72 5.0+ 1.79 42
ABPA-HAM 25 (50%) 13 (25.5%) .01

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; HAM, high-
attenuation mucus; IgE, immunoglobulin E; FEV1, forced Expiratory Volume in
1s; FVC, forced vital capacity; PEF, peak expiratory flow; HRCT, high resolu-
tion chest computed tomography.

visit. With recent advances in our understanding of ABPA,
a growing number of scholars have realized the potential
of ABPA radiographic classification to improve our knowl-
edge of the disease and guide early diagnosis, treatment and
prognosis.

In ABPA-CB patients, the changes in the pulmonary
structure at the onset of bronchiectasis allows Aspergillus
to more easily colonize the lungs. The ensuing increase in
antigen release causes the destruction of airway epithelial
cells and activation of T-lymphocytes, increasing total serum
IgE levels and local eosinophilia, leading to an inflamma-
tory response in the airway wall and surrounding tissue that
eventually induces bronchospasm. Asthma patients should be
routinely screened for ABPA (e.g., Aspergillus-specific IgE
levels or skin testing) to detect the disease before bronchiec-
tasis occurs.
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Patients with ABPA-CB-HAM presented a higher re-
lapse rate than patients with ABPA-CB-LAM in this study.
Factor associated with poor prognosis in ABPA-CB pa-
tients was eosinophil counts. The results indicate that the
degree of eosinophilic inflammation may closely correlate
with the risk of relapse. This makes anti-inflammatory
treatment more important. Furthermore, patients with
HAM had a high relapse rate (65.8%), which requires pa-
tients to regularly follow-up. Goyal et al first described the
occurrence of HAM in ABPA in 1992,10 which has been
shown to affect approximately 20% of ABPA patients.29
The results of our study indicate that the presence of HAM
is the most consistent marker of serological severity in the
disease. The HAM group had both significantly higher
peripheral eosinophil counts and more serious small air-
way ventilatory dysfunction (FEV1%, P = .03 and PEF%,
P = .005) than the LAM group. The presence of HAM is
likely to define a subgroup of patients with more severe

inflammation and structural damage of the lungs. However,
the presence of HAM was not significantly associated with
the relapse of patients with ABPA-CB according to the
regression analysis. Multicentre studies and large sample
sizes are needed to further confirm the relationship be-
tween HAM and disease prognosis.

A multivariate analysis by Agarwal et al found both CB
and HAM to be independent predictors of frequent ABPA
relapse (OR 3.41, 95%CI 1.45-8.01 and OR 3.61, 95%CI
1.23-10.61, respectively).15 In agreement with their re-
sults, we found that the relapse rates were higher in the
ABPA-CB-HAM group than the LAM group, suggesting
that HAM not only represents immunologically severe
disease, but also identifies patients at risk of recurrent re-
lapse. However, these patients also had more severe dysim-
munity and more serious airway inflammatory responses,
which may have led to more difficulty in controlling their
symptoms.
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The pathogenesis of HAM is not entirely clear, but the
higher attenuation implies a more viscous type of mucus.
HAM is speculated to represent the presence of calcium
and/or other metallic ions within the thickened or desic-
cated mucus, resulting in airway damage, bronchiectasis,
and/or pulmonary fibrosis, eventually leading to signifi-
cant morbidity and mortality. Further prospective studies
should identify which patients are particularly at-risk and
may require more intensive treatment protocols and closer
monitoring.

In summary, the clinical characteristics and prognosis
of ABPA-CB patients are closely related to its radiologi-
cal phenotype of mucus plugs in the central bronchiectasis
of these patients. Clinicians should promote a diversity of
personalized treatments for different patients with different
radiological characteristics. More studies should be carried
out to figure out the mechanisms of HAM formation in
ABPA.
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