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Introduction

Aspergillus is a saprophytic conidial mold isolated from 
soil; aspergillus spores commonly exist in the air, and 
the immunocompromised hosts may develop pulmonary 
aspergillosis disease following inhalation of airborne  
conidia (1). Depending on the underlying immunologic 
status of the host and the previous lung disease, aspergillus 

diseases can be classified into three groups: invasive 
pulmonary aspergillosis (IPA); chronic pulmonary 
aspergillosis (CPA), and allergic bronchopulmonary 
aspergillosis (ABPA) (2). IPA often occurs emergently in 
severely immunocompromised hosts. The occurrence of 
CPA is related to previous pulmonary diseases [such as 
bronchiectasis, chronic obstructive pulmonary disease 
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(COPD), and interstitial lung disease (ILD)] and the status 
of mild immune impairment (3-6). The morbidity and 
mortality of CPA are still high. The annual incidence of 
CPA is 1,837,272 and the mortality is 18.5% (7).

In the course of fungal infection, immune status is 
very important (8). Patients with hematological disease, 
a medication history of glucocorticosteroid or immune 
suppressive drugs, bronchiectasis, COPD, and pulmonary 
cavity diseases may have a high risk of aspergillosis infection 
due to the damaged immune barrier or the declined 
immune cells (9). When the patient’s immunity is mildly to 
moderately impaired and complicated with underlying lung 
diseases [COPD, bronchiectasis, and tuberculosis (TB), 
etc.], the symptoms of the pulmonary underlying diseases 
will overlap with those of pulmonary aspergillosis (10). As 
a result, if aspergillus cannot be detected in time, a poor 
prognosis may be caused.

There are many studies reporting on the prognostic 
factors of CPA. The most significant and important 
prognostic factor is pulmonary TB. Some 40% of patients 
after TB treatment have residual lesions, including fibrosis, 
cavity, bronchiectasis, and calcification (11). The destruction 
of lung structure leads to susceptibility to aspergillus, 
especially aspergilloma, a common CPA. In Vietnam, Africa, 
and India, the incidence of CPA in patients with prior TB 
exceeds 50% (12-14). Lung cancer history and COPD, 
nontuberculous mycobacteria (NTM), sarcoidosis, and ILD 
can also significantly affect the mortality rate of aspergillosis 
patients (15,16). A study (17) showed that among the 
patients with acute exacerbation of COPD, 9.8% had a 

prevalence of CPA. NTM, especially fibrous cavity NTM, is 
a high-risk factor for CPA, on account of the prolonged use 
of antibiotics and impaired immunity. In countries where 
NTM is endemic, the incidence of CPA after NTM ranges 
from 3.9% to 16.7% (18). 

In this study, we aimed to investigate the prognostic 
factors of pulmonary aspergillosis in patients, especially 
focusing on the probable co-infection of bacterial and 
common underlying pulmonary disease. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-831/rc).

Methods

Patients and diagnostic criteria

We searched the medical records system of the Respiratory 
Department of Anhui Chest Hospital from November 
2019 to August 2023, then collected medical records of 
patients who had been diagnosed with CPA. Those who 
met the inclusion criteria were included in our study. The 
diagnostic criteria for CPA were as follows: (I) clinical 
symptoms for more than 1 month, such as fever, cough, 
sputum, hemoptysis, dyspnea, and so on (19); (II) imaging 
abnormalities: the most significant imaging feature was a 
fungus ball (aspergilloma) in a pre-existing lung cavity, new 
cavity, or cavity progression, infiltration around the cavity, 
parenchymal destruction, fibrosis developing around a pre-
existing cavity, and pleural thickening or effusion; (III) 
serum aspergillosis immunoglobulin G (IgG) concentration 
>120 AU/mL; (IV) microbial evidence of CPA: hypha 
detected upon direct microscopic examination; positive of 
Gomori’s methenamine silver staining in histopathologic 
section; positive fungal fluorescence staining in sputum 
or tracheoscopy lavage fluid, smear microscopy, and 
culture; galactomannan detection (GM test) in blood or 
lavage was high [the threshold for GM test in blood and 
bronchoalveolar lavage fluid (BALF) is 0.8 μg/L in one 
single sample] (20). Next-generation sequencing (NGS) in 
BALF can be used to detect aspergillosis. All patients had 
clinical presentation, imaging abnormalities, and at least one 
positive microbiological report. We collected the patient’s 
general information, disease history and medication 
history, the concurrent presence of other systemic diseases, 
underlying lung disease, biochemical tests, and the patient’s 
lung computed tomography (CT) images. In order to 
confirm whether the patient had aspergillus infection, we 
used sputum, blood, or BALF for fluorescence staining 
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or culture of aspergillus, and further NGS examination 
could be performed if the diagnosis was still not confirmed. 
We performed (1,3)-beta-D-glucan test (G test), GM test 
(from blood or BALF), and specific antibodies related to 
aspergillus in some cases. If we could obtain lesion tissue 
samples, special pathological staining was performed. If it 
was determined that the patient had aspergillus infection, 
we initiated anti-aspergillus treatment, usually voriconazole, 
itraconazole, isavuconazole, amphotericin B, and so on. 
We collected medical records of these patients and then 
followed up by telephone; for patients who died, the end 
point of follow-up was defined as the date of death, and for 
surviving patients, the end point of follow-up was defined 
as the time of last telephone contact. Finally, we ruled out 
missing follow-ups and untreated patients. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of Anhui Chest Hospital (No. KJ2024-051) and 
the requirement for individual consent for this retrospective 
analysis was waived.  

Statistical analyses

Qualitative variables were shown as percentages and 
quantitative variables as mean ± standard deviation (SD). 
We used Kaplan-Meier curves to analyze patient survival. 
We analyzed the 1- and 3-year survival of emphysema in 
all patients; because the time of follow-up in this study was 
not very long, the data of 5-year survivals were deficient. 
Log-rank tests were utilized to compare survival among 
two groups. Univariate and multivariate Cox proportional 
hazards regression analyses were applied for identification 
of potential prognostic factors. All the relevant clinical 
potential prognostic factors were combined in the 
univariable analysis in sequence, with the method ‘Enter’. In 
addition, all the potential prognostic factors were combined 
in the multivariable analysis when P<0.05 in univariable 
analysis, also with the method ‘Enter’; the hazard ratio 
(HR) of a variable and 95% confidence interval (95% CI) 
were calculated. A P value <0.05 was considered statistically 
significant. Statistical analyses were performed using the 
software SPSS 27.0 (IBM Corp., Armonk, NY, USA) and 
Prism 10 (GraphPad Software, San Diego, CA, USA). 

Results 

Baseline characteristics

Finally, we collected 106 patients with CPA. Basic 

information is given in Table 1. The mean age at the time 
of diagnosis was 60.3±14.8 years. There were 48 (45.3%) 
patients older than 65 years; 74 (69.8%) patients were male. 
There were 24 (22.6%) patients with hypoalbuminemia, 
and 25 (23.6%) patients had a history of smoking. As for 
clinical manifestation, 52 (49.1%) patients had a productive 
cough, 19 (17.9%) had cough, 26 (24.5%) had fever, 40 
(37.7%) had hemoptysis, and 37 (34.9%) had dyspnea. 
As for comorbidities, 19 (17.9%) had hypertension, 16 
(15.1%) had diabetes, 10 (9.4%) had tumor, 6 (5.7%) had 
cerebral infarction, 7 (6.6%) had heart disease, 5 (4.7%) had 
autoimmune disease, and 4 (3.8%) had immunosuppressive 
diseases. As for the history of medications, 14 (13.2%) 
patients used inhaled corticosteroid, 5 (4.7%) used systemic 
corticosteroid because of lung transplantation, COPD, ILD, 
or hypersensitivity pneumonitis, and 1 (0.9%) patient used 
chemotherapeutics because of lung cancer. Bronchiectasis 
comprised 70.8% (n=75) of the underlying pulmonary 
diseases, followed by emphysema (37, 34.9%), lung TB 
scarring (25, 23.6%), COPD (23, 21.7%), lung cancer 
(8, 7.5%), active lung TB (7, 6.6%) and non-tuberculous 
mycobacterium (6, 5.7%), respectively.

There were 5 (4.7%) patients diagnosed by histopathology 
(Figure 1), which showed the characteristic pathological 
pictures of pulmonary aspergillus infection. There were 
82 (77.4%) patients who had positive microbiological tests 
of aspergillus, including fluorescence staining in sputum 
or BALF, smear microscopy and culture GM test in blood 
or BALF. Besides, 6 (5.7%) patients were detected using 
NGS. The most common aspergillus species found in 
our patients were Aspergillus flavus (A. flavus) (45, 42.5%), 
followed by Aspergillus fumigatus (A. fumigatus) (41, 38.7%), 
and Aspergillus niger (A. niger) (7, 6.6%). Some patients 
were coinfected with other microorganisms, 45 (42.5%) 
patients were simultaneously detected with Gram-negative 
bacteria, 34 (32.1%) with Gram-positive bacteria, 7 (6.6%)  
co-infected with TB, 2 (1.9%) co-infected with NTM, and 
2 (1.9%) patients had mucor combined with aspergillosis. 
Characteristic CT images are shown in Figure 2. 

Prognostic factors

At the final follow-up time, 22 (20.8%) patients had died. 
Notably, 3 patients had died of a sudden hemoptysis. The 
1- and 3-year survival rates with emphysema were 75.2% 
and 64.9%, respectively, and those for patients without 
emphysema were 92.6% and 85.9%, respectively. The 
survival curves according to different factors are shown in 
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Table 1 Demographical characteristics and clinical data of chronic 
pulmonary aspergillosis

Variables Value (n=106)

Age (years) 60.3±14.8

≥65 48 (45.3)

<65 58 (54.7)

Gender

Male 74 (69.8)

Female 32 (30.2)

Smoking 25 (23.6)

Hypoalbuminemia 24 (22.6)

Clinical manifestation 

Fever 26 (24.5)

Productive cough 52 (49.1)

Cough 19 (17.9)

Hemoptysis 40 (37.7)

Dyspnea 37 (34.9)

Comorbidities

Heart disease 7 (6.6)

Diabetes 16 (15.1)

Presence of tumor 10 (9.4)

Autoimmune disease 5 (4.7)

Hypertension 19 (17.9)

Cerebral infarction 6 (5.7)

Immunosuppressive diseases 4 (3.8)

History of medications

Chemotherapeutics 1 (0.9)

Inhaled corticosteroid 14 (13.2)

Systemic corticosteroid 5 (4.7)

Underlying pulmonary disease 82 (77.4)

Chronic obstructive pulmonary disease 23 (21.7)

Asthma 2 (1.9)

Lung tuberculosis (activity) 7 (6.6)

Emphysema 37 (34.9)

Pneumothorax 2 (1.9)

Non-tuberculous mycobacterium 6 (5.7)

Bronchiectasis 75 (70.8)

Table 1 (continued)

Table 1 (continued)

Variables Value (n=106)

Lung cancer 8 (7.5)

Pneumoconiosis 2 (1.9)

Interstitial lung disease 1 (0.9)

Lung tuberculosis scarring 25 (23.6)

Data are presented as mean ± standard deviation or n (%).

Figure 3. There was significant a difference between patients 
with and without lung cancer (P<0.001) (Figure 3A).  
Significant differences were also found in patients with and 
without emphysema (P=0.02) (Figure 3B). Other factors 
associated with mortality were as follows: smoking (P=0.04) 
(Figure 3C), cough (P=0.01) (Figure 3D), simultaneous 
discovery with Gram-negative bacteria (P=0.02) (Figure 3E), 
and hypoalbuminemia (P=0.001) (Figure 3F). In contrast, 
dyspnea (P=0.19) (Figure 3G), diabetes (P=0.09) (Figure 3H), 
underlying pulmonary disease (P=0.70) (Figure 3I), active 
lung TB, NTM, bronchiectasis, and lung TB scarring were 
not related to mortality (Table 2). 

The results of the univariate and multivariate Cox 
analyses are shown in Table 3. There were five significant 
prognostic variables associated with mortality identified in 
univariate Cox regression analysis: smoking (HR, 2.538; 
95% CI: 1.020–6.314; P=0.045), emphysema (HR, 2.849; 
95% CI: 1.164–6.972; P=0.02), lung cancer (HR, 7.054; 
95% CI: 2.649–18.787; P<0.001), with Gram-negative 
bacteria (HR, 2.966; 95% CI: 1.180–7.455; P=0.02), and 
hypoalbuminemia (HR, 3.976; 95% CI: 1.608–9.834; 
P=0.003). NTM (HR, 1.151; 95% CI: 0.153–8.637; P=0.89), 
bronchiectasis (HR, 0.425; 95% CI: 0.175–1.032; P=0.059), 
and COPD (HR, 1.810; 95% CI: 0.687–4.770; P=0.23) 
were not significantly associated with mortality. Multivariate 
Cox regression analysis showed that emphysema (HR, 4.107; 
95% CI: 1.414–11.933; P=0.009) and lung cancer (HR, 
8.511; 95% CI: 2.494–29.047; P<0.001) were independent 
predictors of mortality (Table 3). 

Discussion

In the present study, we retrospectively analyzed the 
prognostic factors of 106 patients with CPA. We found that 
some prognostic factors were significant with the mortality 
of CPA. It has important significance for predicting the 
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Figure 1 Characteristic pathological pictures of pulmonary aspergillus infection. (A) Silver hexamine staining shows mucor; (B) silver 
hexamine staining shows aspergillus; (C) HE staining of pathological sections showed aspergillus. HE, hematoxylin-eosin staining.

Figure 2 Computed tomography shows some typical features of CPA. (A) A case of CPA complicated with pneumothorax and subcutaneous 
emphysema, and eventually died; (B) a case of emphysema with CPA; (C) a case of CPA due to bronchogenic spread; (D) a case co-infected 
by Aspergillus fumigatus, Aspergillus flavus and mucor. He died of massive hemoptysis. CPA, chronic pulmonary aspergillosis.
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Figure 3 Kaplan-Meier curves for survival probability in pulmonary aspergillosis according to lung cancer (A), emphysema (B), smoking (C), 
cough (D), Gram-negative bacteria (G− bacteria) (E), hypoalbuminemia (F), dyspnea (G), diabetes (H), and underlying pulmonary disease (I).

Table 2 Underlying pulmonary conditions and their effect on 106 chronic pulmonary aspergillosis

Underlying pulmonary 
diseases

Patients

Kaplan-Meier analysis

1-year survival (%) 3-year survival (%) P value  
(log-rank test)With Without With Without

COPD 23 (21.7) 73±9.5 92.7±2.9 – 84.5±4.4 0.21

Lung tuberculosis 7 (7.1) 85.7±13.2 90.8±2.9 – 86.2±3.6 0.94

Emphysema 37 (34.9) 75.2±7.2 92.6±3.2 64.9±9.3 85.9±4.8 0.02

NTM 6 (5.7) 83.3±15.2 91±2.9 – 86.4±3.5 0.89

Bronchiectasis 75 (70.8) 91.9±3.2 76.2±7.9 86.6±4.2 33.4±24.1 0.052

Lung cancer 8 (7.5) 14.6±13.5 90.8±2.9 – 88.3±3.3 <0.001

Lung tuberculosis scarring 25 (23.6) 77.9±8.8 91.3±3.1 62.3±15.6 83.6±4.4 0.28

Data are presented as mean ± standard deviation or n (%). COPD, chronic obstructive pulmonary disease; NTM, non-tuberculous 
mycobacterium.

prognosis of patients.
From the basic patient information, we found that 

the most common symptoms were productive cough, 

hemoptysis, dyspnea, then fever, respectively. Similarly, 
Yu et al. (21) found that the main symptoms were cough, 
fever, dyspnea, and hemoptysis in CPA patients without 
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granulosis. Bronchiectasis was the most common underlying 
pulmonary disease in our study, followed by emphysema, 
lung TB scarring, and COPD. The proportion varies 
among different study populations. Salzer et al. (22) found 
that the most common underlying pulmonary diseases in 
CPA patients were emphysema, COPD, and bronchiectasis, 
which is similar to our findings. Most studies have found 
that TB infection, COPD, and bronchiectasis are the most 
common underlying diseases in CPA (23). Bronchiectasis, 
as a significant imaging feature, can be found in a variety 
of diseases, such as TB or NTM, ABPA, congenital 
bronchiectasis, and so on. Bronchiectasis increases the 
chance of aspergillus infection. Yu et al. (21) found that 
the incidence of aspergillosis in patients complicated 
with bronchiectasis was higher than that in those without 
bronchiectasis. Besides, patients often have multiple 
underlying lung diseases; bronchiectasis comorbid with 
COPD, previous pulmonary TB, or NTM pulmonary 
disease will increase the risk of aspergillosis infection 

because of the abnormalities in mucociliary clearance and 
established lung structure in these comorbid diseases. 

We found that the traditional methods of microbiological 
examination were still very important; 77.4% of patients 
had positive results using microbiological tests (fluorescence 
staining or culture in sputum or BALF), but NGS and 
histopathology could be helpful when traditional tests were 
negative. Akram et al. (24) found that the positive rate of 
microbiological culture in BALF or sputum was 84.9% 
in all CPA patients. Among the more than 250 kinds of 
aspergillus species, A. fumigatus, A. flavus, Aspergillus terreus 
(A. terreus), and A. niger were more common (25). Through 
analysis of aspergillus species, the most common aspergillus 
species found in our patients was A. flavus (42.5%), followed 
by A. fumigatus (38.7%), and A. niger (7.7%), respectively. 
Akram et al. found that the most common aspergillus 
species was A. fumigatus, which accounted for 45.9%, then 
A. flavus 37.2%, A. niger 9.2%, and A. terreus 7.8% (24). 
In our study, we found that patients had other bacterial 

Table 3 Analysis of prognostic factors related to mortality in 106 patients with chronic pulmonary aspergillosis

Characteristics
Univariate Final multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 1.518 (0.628–3.671) 0.35 – –

Male sex 0.023 (0.000–1.057) 0.053 – –

Dyspnea 2.261 (0.929–5.500) 0.07 – –

Fever 1.219 (0.438–3.390) 0.70 – –

Hypoalbuminemia 3.976 (1.608–9.834) 0.003 1.746 (0.617–4.940) 0.29

Underlying pulmonary condition 0.818 (0.296–2.258) 0.70 – –

Smoking 2.538 (1.020–6.314) 0.045 1.061 (0.354–3.185) 0.91

COPD 1.810 (0.687–4.770) 0.23 – –

Lung tuberculosis (activity) 0.045 (0.000–185.665) 0.47 – –

Emphysema 2.849 (1.164–6.972) 0.02 4.107 (1.414–11.933) 0.009

Non-tuberculous mycobacterium 1.151 (0.153–8.637) 0.89 – –

Bronchiectasis 0.425 (0.175–1.032) 0.059 – –

Lung cancer 7.054 (2.649–18.787) <0.001 8.511 (2.494–29.047) <0.001

Lung tuberculosis scarring 1.701 (0.643–4.497) 0.28 – –

Diabetes 2.324 (0.831–6.495) 0.11 – –

Use of systemic glucocorticoids 1.516 (0.201–11.441) 0.69 – –

Gram-positive bacteria 1.882 (0.778–4.551) 0.16 – –

Gram-negative bacteria 2.966 (1.180–7.455) 0.02 1.988 (0.748–5.287) 0.17

CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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infections while simultaneous merging with aspergillus 
infection. There were 2 patients in our study who had 
mucor combined with aspergillosis; this incidence rate is 
high, which may because our tests are more comprehensive, 
enabling a higher detection rate. When aspergillus and 
mucor are co-infected at the same time, the diagnosis and 
treatment strategies are complex (26). Mucormycosis is 
known to have a high mortality rate (27). We can imagine 
when pulmonary aspergillus coinfects with mucor, the 
mortality could be increased. Our results showed that CPA 
simultaneously discovered with Gram-negative bacteria was 
common, 32.1% patients were also found to have Gram-
positive bacteria, some of them probable co-infected with 
all, whereas 42.5% of patients were detected with Gram-
negative bacteria; the rate of co-infection with Gram-
negative bacteria was higher than that of Gram-positive 
bacteria. However, we did not analyze the specific bacterial 
species, because the testing method was mostly direct smear 
microscopy of respiratory specimens. Recent studies have 
discovered the interaction of Pseudomonas aeruginosa (PA) 
and aspergillus. They interact with each other in the process 
of infecting. Volatile organic compounds secreted by PA 
stimulate A. fumigatus growth, and when co-cultured with 
filamentous fungi, the elastase produced by PA is increased, 
which can destroy the immunity of the host (28-30). 

CPA often occurs in a structural lung disease caused by 
TB, but it is not easy to identify the simultaneous coinfection 
of TB and pulmonary aspergillus because of the similarity 
of symptoms and imaging features (31). We found seven 
patients co-infected with TB and pulmonary aspergillus. 
We hypothesize that some CPA patients may be infected 
with aspergillus at the time of TB infection. However, the 
interaction between TB and aspergillus in the course of 
infection has been rarely reported. We found six cases of co-
infection of NTM and pulmonary aspergillus; NTM often 
occurs on the structural lung diseases, and patients often 
have immune dysfunction, which is also a high-risk factor 
for pulmonary aspergillosis. The clinical characteristics and 
imaging manifestations of these two diseases are very similar. 
So, the coinfection of the two pathogenic bacteria can often 
be underestimated. Moreover, the combination of NTM and 
aspergillus can lead to high mortality (32).

Our study found that the prognosis of CPA with lung 
cancer was significantly worse than that of CPA without lung 
cancer. Similar to our findings, a large sample study found 
that the risk of mortality of CPA patients with a history 
of lung cancer was high (33). In addition to the Gram-
negative bacteria, pulmonary fungi can also be present (34). 

Fungal infections involve T cell-mediated immunity. While 
chemotherapy kills tumor cells it also affects immune cells. 
Immunotherapy may activate certain T cells, resulting in 
dysregulated immunity (35). In addition, distinguishing 
pulmonary aspergillosis from cancer recurrence is 
challenging; the early diagnosis of CPA localized in a single 
lung after non-small cell lung cancer surgery is important to 
improve the survival in patients with CPA (36). Therefore, 
the prognosis of lung cancer patients with aspergillus 
infection is poor. Research shows that the infection of 
aspergillus after lung cancer surgery had a profound impact 
on restrictive lung function deterioration (37). 

Another important finding in our research is that 
emphysema is a poor prognostic factor of pulmonary 
aspergillosis. Emphysema characterized by severe diffuse 
lung destruction or airway obstruction is a high-risk factor 
for aspergillus infection, due to the disturbed local clearance, 
and emphysema often combines with COPD which requires 
inhaled corticosteroid or systemic use of glucocorticoids 
so the host immunity is weakened. Emphysema was the 
only factor associated with higher mortality in CPA (38). 
Emphysema is the most frequent underlying chronic 
pulmonary disease. When CPA occurs, the 5-year mortality 
is higher (16), so emphysema could worsen the prognosis 
of CPA. In addition, among Mycobacterium avium complex 
pulmonary disease, emphysema can increase the incidence 
of CPA, then contribute to poor prognosis owing to severe 
pulmonary infection (39).

There are some limitations in our study. First, this is a 
retrospective study, which may have caused some selection 
bias. The selection of the study population was limited 
by time and place. Second, the number of CPA patients is 
relatively small. Since we only studied CPA, IPA was not 
included in our research. Third, our follow-up time was 
relatively short, 5-year survival was deficient and future 
studies could extend the follow-up time. 

Conclusions

We found that underlying pulmonary diseases, lung cancer, 
and emphysema are poor prognostic factors for CPA. In 
clinical work, more attention should be paid to the patients 
with underlying lung diseases, as timely diagnosis and 
treatment may improve their prognosis.
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