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Differences in Clinical Characteristics of 
Invasive Tracheobronchial Aspergillosis 
according to the Presence of Invasive 
Pulmonary Aspergillosis
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Background: The association of invasive tracheobronchial aspergillosis (ITBA) with invasive pulmonary aspergillosis 
(IPA) is not well established. We aimed to compare clinical characteristics between patients who exhibited ITBA with IPA 
and those who exhibited isolated ITBA (iITBA). Additionally, the usefulness of serum or bronchial galactomannan (GM) 
tests in diagnosing ITBA was evaluated.
Methods: This retrospective single-center case-control study was conducted over a period of 4 years. Fifteen patients 
were enrolled after confirming the presence of ITBA using bronchoscopy-guided biopsy (iITBA, 7 vs. ITBA+IPA, 8). 
Clinical characteristics of patients and results obtained from serum or bronchial GM tests were compared between the 
two groups. Mortality was assessed using data collected from a 6-month follow-up period.
Results: The ITBA+IPA group showed a higher prevalence of hematologic malignancy (75% vs. 14%, p=0.029), a 
greater number of patients with multiple bronchial ulcers (75% vs. 14%, p=0.029), lower platelet counts (63,000/μL vs. 
229,000/μL, p<0.001), and a mortality rate which was significantly higher (63% vs. 0%, p=0.026) than the iITBA group. 
In the ITBA+IPA group, 57% of patients tested positive according to the serum GM assay, whereas in the iITBA group, 
all patients tested negative (p=0.070). The bronchial GM level was high in both groups, but there was no significant 
difference between them.
Conclusion: Patients with ITBA+IPA had a greater number of hematologic malignancies with lower platelet counts and 
a poorer prognosis than patients diagnosed with iITBA. Findings obtained from bronchoscopy and bronchial GM tests 
were more useful in diagnosing ITBA than the serum GM test results.
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Introduction
Airborne Aspergillus  spores are dispersed in the atmo-

sphere and are small enough (2–3 μm) to be easily inhaled 
into the peripheral airways1,2. During construction and indoor 
renovation, there is an increase in indoor and outdoor fungal 
contaminations3,4. Inhaled spores result in various Aspergil-
lus-related lung diseases based on different host-dependent 
anatomical and immunological factors, including saprophytic 
infections, allergic pulmonary diseases, invasive diseases, and 
toxic reactions5. Invasive aspergillosis usually develops in im-
munocompromised hosts, such as in individuals with hema-
tologic malignancies and neutropenia6.

Invasive tracheobronchial aspergillosis (ITBA) is a rare 
clinical form of invasive aspergillosis, in which the infection is 
primarily limited to the tracheobronchial tree7. Fungal infec-
tion has been known to be common in patients with immune 
suppression. However, ITBA has also been reported recently 
in relatively immunocompetent patients with chronic ob-
structive pulmonary disease (COPD), diabetes mellitus (DM), 
influenza and in patients admitted to the intensive care unit 
with non-neutropenia8-12. As a result, interest in ITBA is in-
creasing, however its pathophysiology and association with 
invasive pulmonary aspergillosis (IPA), another common 
form of invasive aspergillosis, has not been well established. 
ITBA co-exists with IPA; however, in some cases, it exists with-
out IPA. In previous research, such cases have been defined as 
isolated ITBA (iITBA)13.

Although the serum galactomannan (GM) assay is useful in 
diagnosing various Aspergillus-related diseases, it has limited 
benefits over the bronchial lavage GM assay for patients with 
ITBA14. Furthermore, it is known that chest imaging is not a 
useful for detecting iITBA without lung parenchymal abnor-
malities.

Based on previous findings, we aimed to compare the clini-
cal characteristics between patients who exhibited ITBA with 
IPA and those who exhibited iITBA. Additionally, the useful-
ness of the serum and bronchial GM assays was evaluated.

Materials and Methods
In the present study, we used the clinical data warehouse 

appliance (uICE, Ulsan University Hospital Information of 
Clinical Ecosystem) in connection with the electronic medi-
cal records of Ulsan University Hospital (UUH). We enrolled 
patients consecutively who were diagnosed with histologi-
cally confirmed ITBA based on the examination of one or 
more endobronchial lesions via bronchoscopic biopsy in the 
department of internal medicine of UUH between January 
2008 and December 2011. From 2008 to 2011, construction 
of new buildings occurred at UUH, and the study period was 
therefore set based on the fact that aspergillosis infections had 

increased in the hospital during that period. This retrospective 
study was approved by the UUH institutional review board 
(IRB) and the requirement for informed consent was waived 
due to minimal risk of harm to the study subjects (IRB No. - 
UUH 2021-02-015).

The presence of IPA was determined according to the Eu-
ropean Organization for the Research and Treatment of Can-
cer/Mycosis Study Group (EORTC/MSG) criteria15. Patients 
with host risk factors, suspicious computed tomography (CT) 
results, and mycological proof were diagnosed with possible 
IPA. ITBA was defined according to the EORTC definition, 
which was based on the presence of tracheobronchial le-
sions observed during bronchoscopy and the presence of 
pathologic findings such as endobronchial tissue invasion and 
damage by Aspergillus hyphae15. Unlike IPA, ITBA cannot be 
diagnosed using non-invasive tests such as CT, necessitat-
ing bronchoscopy accompanied by biopsies which makes 
diagnosis difficult without clinical suspicion. According to 
bronchoscopic and pathologic findings, ITBA can be divided 
into three types: ulcerative, pseudomembranous, and obstruc-
tive16-18. According to another classification, iITBA can be di-
vided into four types: superficial infiltration (type I); full-layer 
involvement (type II); occlusion (type III); and mixed (type 
IV) types12,13. In this study, patients with ITBA and IPA were as-
signed to the ITBA+IPA group, and patients with ITBA without 
IPA were assigned to the iITBA group. Bronchoscopy-guided 
biopsy with bronchial washing was performed by experienced 
pulmonologists after identifying the presence of tracheobron-
chial lesions. Mucosal lesions present in patients with ITBA 
were classified into four different types based on the broncho-
scopic appearance of intraluminal lesions13.

Data on clinical characteristics of the patients (i.e., age, sex, 
and underlying disease), laboratory (including culture results 
and GM assay) and radiologic findings were retrospectively 
collected from their medical records. In addition, information 
regarding specific respiratory symptoms or signs was collected. 
Six-month mortality rate was assessed using follow-up data.

The GM assay was performed using Platelia Aspergillus 
antigen enzyme-linked immunosorbent assay (Bio-Rad Labo-
ratories, Marnes-la-Coquette, France) and photometric detec-
tion (STRATEC Biomedical AG Gemini Combo, Birkenfeld-
Grafenhausen, Germany) at 450 nm. Indices (optical density 
[OD] of the sample/OD of the cutoff control) of ≥0.4 were 
considered as positive19.

Clinical characteristics of patients and results obtained from 
serum and bronchial GM assays were compared between the 
two groups (iITBA vs. ITBA+IPA). Proportions were compared 
using the chi-squared test or the Fisher exact test. Considering 
that the number of samples is small, the Mann-Whitney U test 
was used for continuous variables. A p-value of <0.05 was con-
sidered to be statistically significant. The data were analyzed 
using the SPSS software version 24 (IBM Corp., Armonk, NY, 
USA).
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Results
Fifteen patients who satisfied our criteria were identified 

using uICE based on the presence of Aspergillus  infection, 
which was histologically confirmed via bronchoscopic biopsy 
between January 2008 and December 2011. Among them, 
eight were diagnosed with IPA based on chest CT reports 
(iITBA, 7 vs. ITBA+IPA, 8). ITBA classification according to the 
endobronchial lesion type was as follows: type I, 11 patients; 
type II, 1 patient; type III, 0 patients; and type IV, 3 patients.

There were no statistically significant differences in baseline 

characteristics such as age, sex, and symptoms between the 
two groups (Table 1). The ITBA+IPA group showed a higher 
prevalence of hematologic malignancy (75% [n=6] vs. 14% 
[n=1], p=0.029) than the iITBA group. Other underlying dis-
eases included solid tumors, systemic lupus erythematosus 
with systemic corticosteroid, chronic liver disease, DM, and 
chronic lung disease.

With regard to laboratory findings, white blood cell counts 
and C-reactive protein levels were not significantly different 
between the groups, however platelet counts were lower in 
the ITBA+IPA group than in the iITBA group (63,000/μL vs. 

Table 1. Baseline characteristics of patients with isolated invasive tracheobronchial aspergillosis and invasive 
tracheobronchial aspergillosis with invasive pulmonary aspergillosis

Isolated ITBA (n=7) ITBA with IPA (n=8) p-value*

Age, yr 62 (42–73) 58 (46–72) 0.536

Male sex 4 (57) 6 (75) 0.608

Underlying diseases

   Hematologic malignancy 1 (14) 6 (75) 0.029

   Non-hematologic disease

      Solid tumor 3 0

      SLE 2 0

      Chronic liver disease 2 2

      DM 4 1

      Chronic lung diseases 5 0

Symptoms

   Cough/sputum 4/5 3/2 NA

   Fever 4 (57) 4 (50)

   Dyspnea 2 (29) 3 (38)

Laboratory finding

   WBC 8,620 (280–19,100) 1,935 (60–17,970) 0.281

   ANC <500 1 3

   Platelet count (×103) 229 (155–487) 63 (22–118) <0.001

   CRP (mg/dL) 3.54 (0.09–22.34) 17.19 (2.51–25.75) 0.281

Bronchoscopic finding

   Presence of multiple ulcers 1/7 (14) 6/8 (75) 0.029

   Type I/II/III/IV 5/1/0/1 6/0/0/2 NA

Bronchial GM positivity 6/6 (100) 5/6 (83) NS

Serum GM positivity 0/6 (0) 4/7 (57) 0.070

Fungal culture, n A. fumigatus (4) A. fumigatus (3)
A. terreus (1)

NA

Mortality due to aspergillosis 0/7 (0) 5/8 (63) 0.026

Values are presented as median (range) or number (%).
*Used the chi-square test or the Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables.
ITBA: invasive tracheobronchial aspergillosis; IPA: invasive pulmonary aspergillosis; SLE: systemic lupus erythematosus; DM: diabetes mel-
litus; NA: not available; WBC: white blood cell; ANC: absolute neutrophil count; CRP: C-reactive protein; GM: galactomannan; NS: not signifi-
cant.
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229,000/μL, p<0.001). Moreover, the number of patients with 
multiple bronchial ulcers was higher in the ITBA+IPA group 
than in the iITBA group (75% [n=6] vs. 14% [n=1], p=0.029) 
(Table 1).

In the ITBA+IPA group, 57% of the patients tested positive 
according to the serum GM assay, whereas all patients with 
iITBA tested negative. The serum GM level was higher in the 
ITBA+IPA group than in the iITBA group (median [range], 
0.906 [0.270–4.334] vs. 0.162 [0.080–0.321]; p=0.002). The 
bronchial GM level was high in both groups with no significant 
difference statistically (median [range], 2.640 [0.780–5.670] vs. 
3.70 [0.296–5.294]; p=0.937). A direct comparison of the se-
rum and bronchial GM levels showed that the levels were sig-
nificantly higher in the bronchial samples than in the serum 
samples of all patients (median [range], 3.70 [0.296–5.670] vs. 
0.321 [0.080–4.334]; p=0.001) (Figure 1).

From the time of ITBA diagnosis, the 6-month mortality 
rate was significantly higher in the ITBA+IPA group than in the 
iITBA group (63% [n=5] vs. 0% [n=0], p=0.026).

Discussion
In this study, the ITBA+IPA group showed a higher rate of 

hematologic malignancies with lower platelet counts, higher 
prevalence of multiple bronchial ulcers, and poorer prognosis 
than the iITBA group. The results obtained from bronchial 
GM assay were positive in both the iITBA and ITBA+IPA 
groups; however, results obtained from serum GM assay were 
positive only in the ITBA+IPA group. Furthermore, the serum 
GM level was higher in the ITBA+IPA group than in the iITBA 

group.
The high proportion of patients with hematologic malig-

nancies in the ITBA+IPA group seemed to be related to an 
uncontrolled hematologic disease and chemotherapy, which 
can cause long-lasting immune suppression without recov-
ery. Although the temporal relationship between ITBA and 
IPA is unclear, it can be hypothesized that these forms may 
represent different stages of the same disease process and the 
rate of progression to IPA is high if there is a severe immune 
suppression in patients with ITBA7,20. Recent studies showed 
that the mortality rate was higher in patients with ITBA+IPA 
(90%) than in those with IPA (32%) or ITBA alone (iITBA, 
22%)11,12. Similar results were observed in our study, which 
suggests that the prognosis became poorer when ITBA co-
existed with IPA. Therefore, an early diagnosis and treatment 
of iITBA before the development of IPA are crucial. In general, 
multiple or extensive endobronchial lesions are thought to in-
dicate a more advanced and severe stage of the disease than a 
single lesion. Higher number of bronchial ulcers found in the 
ITBA+IPA group might progress to ITBA+IPA as opposed to 
the ITBA group, in which Aspergillus infection was limited to 
superficial mucosa without further invasion to the bronchial 
tissue and vessel. 

In addition to unavailability or poor interpretation of sero-
logical biomarkers, the diagnosis of ITBA without IPA was dif-
ficult and delayed because of its non-specific clinical presen-
tation and radiological findings. By definition, the typical chest 
CT findings associated with IPA, such as nodules with halo 
signs or cavities, were not observed in patients with iITBA. It 
may be possible to diagnose fungal diseases in patients with 
immunodeficiency because they are suspected to contract 
opportunistic infections. However, it was more difficult in im-
munocompetent individuals because clinicians tend to hardly 
suspect it11,21. Respiratory Aspergillus infection is a well-known 
complication in severely and chronically immunocompro-
mised hosts. However, mildly immunocompromised hosts, 
such as those with COPD, advanced liver cirrhosis, or diabetes, 
has been reported to be at a risk of contracting ITBA or IPA8-10. 
In addition, ITBA has recently been reported in patients with 
systemic viral infection such as influenza and severe fever 
thrombocytopenia syndrome11,21. Therefore, attention should 
be paid to whether ITBA has occurred and if suspected, bron-
choscopy should be considered earlier for diagnosis and treat-
ment.

The low platelet counts in the ITBA+IPA group make it dif-
ficult to conduct invasive tests such as percutaneous needle 
aspiration biopsy (PCNA) for confirming suspected IPA lung 
lesions. If clinicians decide that direct identification of the 
fungus is necessary in spite of the risk of bleeding, bronchos-
copy could be a safe option for obtaining samples. Our study 
showed that bronchial GM levels were significantly elevated in 
both groups. However, serum GM was not detected in patients 
with iITBA and similar findings have been observed in previ-
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Figure 1. Bronchial and serum galactomannan levels in patients 
with iITBA and ITBA+IPA. The plots indicate individual data points 
and median±interquartile ranges of the mean galactomannan lev-
els (horizontal line and vertical bar). p-value for Mann-Whitney U 
test (p=0.001). NS: not significant; ITBA: invasive tracheobronchial 
aspergillosis; iITBA: isolated ITBA; IPA: invasive pulmonary asper-
gillosis.
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ous studies22,23. The low GM level in patients with ITBA was ex-
plained by the hypothesis that fungal invasion was limited to 
the surface layer of the airway mucosa and was not sufficient 
to facilitate the spreading of Aspergillus antigen into circulat-
ing blood24. In invasive bronchial aspergillosis (classically ob-
served in patients with COPD), GM is not routinely detected 
in blood because neutrophils prevent translocation from the 
pulmonary compartment to the blood compartment25. This 
hypothesis was confirmed by a meta-analysis in which GM 
antigenemia presented low sensitivity in transplant recipients 
without neutropenia and more recently by Van de Groep et 
al.26 using a study population with severe influenza. The diag-
nostic value of bronchoalveolar lavage (BAL) fluid GM for IPA 
in patients without neutropenia was observed to be superior 
than that of serum GM27. Additionally, for the diagnosis of IPA 
in critically ill patients with COPD, BAL fluid GM appeared to 
be more sensitive than serum GM and Aspergillus  isolation 
from lower respiratory tract28. Based on this result, we suggest 
that the bronchial GM assay and related tests (including bi-
opsy) can be more useful in diagnosing ITBA than the serum 
GM assay. Therefore, we recommend early detection of ITBA 
and iITBA using bronchoscopy and bronchial GM assay, re-
spectively. In a recent study, the usefulness of bronchoscopy 
in diagnosing ITBA in patients with critical illness and no 
neutropenia was also evaluated11. For bronchoscopy, the sen-
sitivity, specificity, positive and negative predictive values, and 
overall accuracy of changes suspected to be related to ITBA 
were 83.3%, 70.3%, 53.2%, 91.2%, and 74.1%, respectively. The 
diagnostic performance of bronchoscopy was better than that 
of BAL culture. Interestingly, mycetoma and halo signs were 
observed only in the chest CT images of 4.5% and 10.4% of 
the study subjects, respectively. This indicated that suspected 
bronchoscopic finding has diagnostic value in iITBA.

Although research on ITBA is rare, significant studies have 
recently been published. One of them is a multicenter, retro-
spective, observational study conducted by Nyga et al.12 In 
contrast to our study, it first diagnosed IPA in patients with 
severe influenza and compared differences between two 
groups with or without ITBA. Ninety-day mortality rates and 
GM concentrations in BAL fluid were higher in patients with 
IPA+ITBA than in patients with IPA only, which is similar to 
the findings of our study. Together, results of the two studies 
indicated that ITBA+IPA is a more advanced disease and has 
poorer prognosis than ITBA or IPA alone. However, consid-
ering our findings, higher mortality would be attributable to 
neutropenia and hematologic malignancies in the IPA+ITBA 
group.

Our study has several significant limitations. Because ITBA 
is a rare disease, the study sample was small, which may have 
contributed to the low statistical power in the representation 
of the entire ITBA population. Nevertheless, the environmen-
tal management of our hospitals was strengthened during 
construction and the air circulation was changed with HEPA 

filters in the hematology ward. Consequently, after 2012, the 
incidence of ITBA was further reduced, which increased the 
difficulty of expanding the study population4,29,30. Addition-
ally, a selection bias may have been introduced by the retro-
spective single-center design of the study. All bronchoscopic 
examinations were not conducted by a single examiner and 
interpretation of findings was not conducted after agreement 
of several clinicians; a group of sufficiently skilled pulmonolo-
gists performed these tasks. However, a single pulmonologist 
independently analyzed the type of ulcers present.

Although there were some limitations to this study, it pre-
sented interesting information. First, ITBA is a relatively rare 
disease that has not been studied extensively. Second, ITBA 
was more clearly defined than previous studies, using a search 
strategy to find patients whose biopsies had confirmed hy-
phae invasion. Third, we have tried to identify the character-
istics and pathogenesis of ITBA. Fourth, we have suggested 
additional diagnostic methods such as bronchoscopy and 
bronchial GM.

Based on the findings of this study, we believe that attention 
is needed to diagnose and treat ITBA at an appropriate time 
in patients with immune suppression. Moreover, bronchos-
copy and related tests (including bronchial GM assay, biopsy) 
can be more useful than the serum GM assay for diagnosing 
not only iITBA but also ITBA+IPA. Additionally, in patients 
with hematologic malignancies showing low platelet counts, 
tests conducted with bronchoscopy can be a safe alternative 
to PCNA. Through this study, we were unable to provide suf-
ficient explanation for the relationship between IPA and ITBA, 
and thus further studies are required.
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