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ABSTRACT 

Background: Fungal colonization is common as a secondary infection in lung cancer; currently it is often neglected due 

to similar clinical characteristics. Pulmonary mycosis impacts patient survival and quality of life. Bronchoscopy provides 

diagnostic benefits by enabling the direct visualization of suspicious lesions. Damage to the bronchial epithelium caused 

by cancer results in long-lasting inflammation, which makes it easier for fungi to stick, invade, and worsen the infection. 

Methods:This observational analytic study used a cross-sectional design with 52 lung cancer patients that had 

bronchoscopy at Arifin Achmad General Hospital, Pekanbaru, from August 2024 to January 2025. Samples were chosen 

by consecutive sampling methods. We assessed the correlation between bronchoscopic visual findings and positive fungal 

cultures in lung cancer cases. 

Result: The positive rate of fungal cultures was 76.9% and was significantly correlated with a high Brinkman Index 

smoking status (p=0.000), a history of COPD (p=0.046), and the use of bronchodilators with/without ICS (p=0.046). 

Candida sp. (61.5%) and Aspergillus species (9.6%) are the primary fungal types identified in lung cancer. The finding of 

irregular mucosa and hyperemic and infiltrative stenosis (53.8%) is the main finding in bronchoscopy and is significantly 

associated with positive fungal cultures (p=0.000). Infiltrative stenosis shows positivity for all fungal species, especially 

Candida sp. and Aspergillus sp. (p=0.015). Candida sp. isolates tend to manifest in orifices obscured by mass, while 

Aspergillus sp. tends to show up in cases of decompression stenosis. 

Conclusion: A significant correlation exists between bronchoscopy visualization and the positivity of fungal cultures in 

lung cancer. Irregular mucosa, hyperaemia, and infiltrative stenosis show a high incidence in bronchoscopy visualization 

and have a significant correlation with the presence of all types of fungal infections in lung cancer. 
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1. INTRODUCTION 

 

The global prevalence of pulmonary mycosis has yet to be comprehensively detailed. The burden of pulmonary mycosis 

cases appears to be rising annually, particularly in low- to middle-income countries.1 The increase in pulmonary mycosis 

cases is often attributed to inadequate treatment of chronic lung infections, such as pulmonary tuberculosis (TB), chronic 

obstructive pulmonary disease (COPD), lung abscesses, and lung cancer. These persistent conditions significantly impact 

mortality and morbidity, with over 1.6 million deaths reported among 300 million people worldwide.2,5 

 

Currently, reporting data on pulmonary mycosis in Indonesia remains challenging due to limited and uncertain 

information.6 According to Wahyuningsih et al. (2021), pulmonary mycosis affects approximately 2.89% of the Indonesian 

population, or around 7.7 million individuals, each year.5 The growth of fungal colonies is particularly likely in 
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immunocompromised individuals, including those with lung cancer, pulmonary TB, HIV, or autoimmune diseases, or those 

undergoing long-term corticosteroid treatment. Several studies have documented instances of pulmonary mycosis in 

patients with HIV (14.5%), multidrug-resistant TB (44.5%), persistent asthma (68.9%), and lung cancer (22.72%).6,7 

 

The rise in pulmonary mycosis cases is primarily due to delays in diagnosis. The clinical symptoms of pulmonary mycosis 

often overlap with those of other chronic lung diseases.2 This similarity, particularly in lung cancer patients, can lead to 

biased diagnostic results regarding sputum specimens. Rozaliyani et al. (2019) reported that 33.8% of patients with Non-

Small Cell Lung Carcinoma (NSCLC) tested positive for Aspergillus niger, while 72.3% had Candida albicans. 

Additionally, Shin et al. (2020) identified 56 out of 3,430 NSCLC patients who developed Chronic Pulmonary Aspergillosis 

(CPA) following lung tumor resection.8 

 

Lung cancer damages the bronchial epithelium down to the alveoli, creating pathways for fungi to form biofilms that 

colonize extensively. Disruption of the mucociliary system and malnutrition further contribute to fungal infections in lung 

cancer patients. The immunocompromised state caused by lung cancer leads to diminished macrophage function, which is 

crucial for eliminating fungal infections.3,4 Utilizing bronchoscopy can assist healthcare professionals in identifying airway 

issues caused by fungal infections, thereby expediting the diagnosis of lung fungal diseases. Collecting specimens via 

bronchoscopy offers a more accurate positivity rate for fungal cultures compared to sputum specimens and avoids biased 

results.7,9,10 

 

Bronchoscopy visualization serves not only as a diagnostic tool but also as a specific parameter to evaluate the potential 

for or occurrence of fungal infections in lung cancer patients. Obtaining specimens directly from the primary lesion area 

enhances the accuracy of positivity. This study aims to analyze the correlation between bronchoscopy visualization and 

fungal culture results in lung cancer patients. 

 

2. METHODS 

 

This study examines the relationship between bronchoscopy images and fungal culture results in lung cancer by observing 

a cohort of patients at a single point. The research was conducted at the Microbiology Laboratory of the Faculty of 

Medicine, University of Riau, and the Bronchoscopy Procedure Operating Room at Arifin Achmad General Hospital, 

located in Riau Province. The study commenced in August 2024 and is scheduled to conclude in January 2025, having 

received approval from the Ethics Committee of the Faculty of Medicine, Universitas Riau, under Ethical Clearance 

number B/III/UN19.5.1.1.8.UEPKK/2024.  

 

The study population comprises all hospitalized patients diagnosed with lung cancer and scheduled to undergo diagnostic 

procedures. The sample was determined using consecutive sampling, which included lung cancer patients who met the 

specified inclusion and exclusion criteria without stratification or randomization, resulting in a total sample of 52 lung 

cancer patients. The inclusion criteria encompassed hospitalized patients with lung cancer who had an indication for and 

were eligible to undergo bronchoscopy procedures. The exclusion criteria involved patients already diagnosed with 

pulmonary mycosis or those currently undergoing antifungal treatment. 

 

Specimen collection will involve two distinct actions during the bronchoscopy procedure. All samples will undergo 

bronchial washing, while tissue specimens will be obtained using bronchial brushing or biopsy forceps. Each patient will 

provide two test specimens, which will subsequently be processed for fungal culture examination. All specimens will be 

cultured on Sabouraud Dextrose Agar media and incubated at a temperature of 25°C. The incubation period will last for 

five days, during which growth will be observed both macroscopically and microscopically.  

 

A positive culture result indicates the presence of fungus in one or both test specimens, which will be classified as 

pulmonary mycosis. Fungal cultures that show growth after five days of incubation will be regarded as non-pathogenic 

fungi and interpreted as negative cultures. If the two specimens identify two different types of fungi, a microbiologist will 

make the final determination. All data will be compiled, and data analysis will be performed. Univariate analysis will be 

presented in the form of a distribution table. The relationship between variables will be explored further through bivariate 

analysis using the chi-square test, with the Fisher test as an alternative, employing SPSS software for analysis. 

 

3. RESULTS 

 

Overall, there were 145 cases of thoracic cavity malignancies, which included 127 cases of lung cancer, 14 cases of 

mediastinal tumors, and four cases of metastatic tumors in the lungs. All patients were admitted to Arifin Achmad General 

Hospital in Pekanbaru from August 2024 to January 2025. According to the established inclusion and exclusion criteria, a 

total of 52 lung cancer patients underwent bronchoscopy procedures as part of this study (Figure 1). 
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Figure 1. Research Sample Selection 

 

Demographic and Clinical Characteristics 

The research findings presented in Table 1 reveal that a substantial proportion of lung cancer patients are over 40 years of 

age (90.4%), with a predominance of males (71.2%). Additionally, a significant number of patients exhibit an underweight 

body mass index (BMI) (51.9%) and have a history of heavy smoking (55.8%). 44.2% of patients reported a history of 

chronic obstructive pulmonary disease (COPD), identifying it as the most prevalent comorbidity. The study also found that 

the most frequently reported medication was bronchodilators, either by themselves or in conjunction with inhaled 

corticosteroids. The left upper lobe was identified as the most frequently observed lesion location (34.6%). Specimen 

collection for fungal culture examination was mainly carried out using bronchial washing and biopsy forceps (67.3%) 

during bronchoscopy procedures. 
 

Table 1. Demographic and Clinical Characteristics 

Variable N (52) % 

Age 

 ≤ 40 years 

 > 40 years 

 

5 

47 

 

9.6 

90.4 

Gender 

 Male 

 Female 

 

37 

15 

 

71.2 

28.8 

Body Mass Index 

 Underweight 

 Normoweight 

 Overweight 

 Obesity Class I 

 Obesity Class II 

 

27 

16 

4 

4 

1 

 

51.9 

30.8 

7.7 

7.7 

1.9 

Smoking Status 

 Non-Smoker 

 Mild Brinkman Index 

 Medium Brinkman Index 

 Severe Brinkman Index 

 

15 

2 

6 

29 

 

28.8 

3.8 

11.5 

55.8 

History of Pulmonary Disease 

 None 

 Former TB  

 COPD 

 Hypertension 

 Diabetes Mellitus Type 2 

 Heart Failure 

 Stroke 

 Autoimmune Disease 

 

15 

5 

23 

11 

4 

3 

1 

1 

 

28.8 

9.6 

44.2 

21.2 

7.7 

5.7 

1.9 

1.9 
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Distribution of Culture Positivity and Fungal Identification 

Figure 2 illustrates that out of 52 lung cancer patients, 40 (76.9%) showed positive results for fungal culture identification. 

Among these, Candida sp. was identified in 32 patients (61.5%), followed by Aspergillus sp. in 5 patients (9.6%), 

Cryptococcus sp. in 2 patients (3.8%), and Epicoccum sp. in 1 patient (1.9%). 

 
 

Figure 2. Distribution of Culture Positivity and Identification of Fungal Species 

The Role of Demographic and Clinical Factors and the Positivity of Fungal Cultures 

Table 2 shows that fungal cultures are more likely to be positive in males (55.8%), individuals over the age of 40 (69.2%), 

those with a low BMI (40.4%), and people with a history of heavy smoking (44.2%). When demographic factors are 

considered, there is a significant association between heavy smoking and positive fungal cultures (p=0.000). Furthermore, 

in the context of demographic factors, the positivity of fungal cultures significantly correlates with heavy smoking status 

(p=0.000). 

 

Chronic Obstructive Pulmonary Disease (COPD), which affects 40.4% of patients, is the most prevalent comorbidity and 

is significantly associated with positive fungal cultures (p=0.046). This aligns with the history of bronchodilator use, 

whether alone or in conjunction with inhaled corticosteroids, which is the most prescribed long-term medication and is also 

significantly linked to positive fungal cultures (p=0.046).  

 

Fungal cultures are mostly positive in the left upper lobe (26.9%), and adenocarcinoma (30.8%) is the most common type 

of lung cancer linked to this. The highest rates of positivity for fungal cultures were obtained via bronchial washing and 

biopsy forceps (50.0%). Overall, being a heavy smoker, having Chronic Obstructive Pulmonary Disease (COPD), and 

using bronchodilators—whether by themselves or with inhaled corticosteroids—greatly increase the chances of getting 

positive results from fungal cultures (Table 2). 

Drug History 

 None 

 Bronchodilators with/without Inhaled Corticosteroids 

 Anti Tuberculosis Drugs  

 Anti Hypertensives 

 Anti Diabetics 

 Oral Corticosteroids 

 

15 

23 

5 

15 

4 

1 

 

28.8 

44.2 

9.6 

28.8 

7.7 

1.9 

Location of Lesion 

 Upper Right Lobe 

 Medial Lobe 

 Lower Right Lobe 

 Upper Left Lobe 

 Lower Left Lobe 

 

14 

5 

8 

18 

7 

 

26.9 

9.6 

15.4 

34.6 

13.5 

Specimen Collection 

 Bronchial Washing and Bronchial Brushing 

 Bronchial Washing and Biopsy Forceps 

 

17 

35 

 

32.7 

67.3 
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Table 2. The Role of Demographic and Clinical Factors on the Positivity of Fungal Cultures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of Bronchoscopy Visualisation in Lung Cancer 

Figure 3 illustrates the distribution of 52 samples from lung cancer patients who underwent bronchoscopy. Among these, 

28 patients had uneven, hyperemic mucosa with narrowing of the airway (53.8%), making it the most common finding 

during bronchoscopy. Next, there were 13 patients with irregular, hyperemic mucosa that blocked the airway (25.0%); 6 

patients had irregular, hyperemic mucosa with narrowed airways (11.5%); and 5 patients had smooth, non-hyperemic 

mucosa with a normal airway (9.6%) among all lung cancer cases. 

 

Variable 

Fungal Culture Results (%)  

p Value Positive Negative 

Age 

 ≤ 40 years 

 > 40 years 

 

4 (7.7) 

36 (69.2) 

 

1 (1.9) 

11 (21.2) 
1,000 

Gender 

 Male 

 Female 

 

29 (55.8) 

11 (21.2) 

 

8 (15.4) 

4 (7.s7) 
0,726 

Body Mass Index 

 Underweight 

 Normoweight 

 Overweight 

 Obesity Class I 

 Obesity Class II 

 

21 (40.4) 

11 (21.2) 

4 (7.7) 

3 (5.8) 

1 (1.9) 

 

6 (11.5) 

5 (9.6) 

0 (0) 

1 (1.9) 

0 (0) 

0,178 

Smoking Status 

 Non-Smoker 

 Mild Brinkman Index 

 Medium Brinkman Index 

 Severe Brinkman Index 

 

9 (17.3) 

2 (3.8) 

6 (11.5) 

23 (44.2) 

 

6 (11.5) 

0 (0) 

0 (0) 

6 (11.5) 

0,000* 

History of Pulmonary Disease 

 None 

 Former TB  

 COPD 

 Hypertension 

 Diabetes Mellitus Type 2 

 Heart Failure 

 Stroke 

 Autoimmune Disease 

 

9 (17.3) 

5 (9.6) 

21 (40.4) 

7 (135) 

3 (5.8) 

4 (7.7) 

0 (0) 

0 (0) 

 

6 (11.5) 

0 (0) 

2 (3.8) 

4 (7.7) 

1 (1.9) 

0 (0) 

1 (1.9) 

1 (1.9) 

 

0,081 

0,578 

0,046* 

0,253 

1,000 

0,562 

0,231 

0,231 

Drug History 

 None 

 Bronchodilators with/without Inhaled Corticosteroids 

 Anti Tuberculosis Drugs  

 Anti Hypertensives 

 Anti Diabetics 

 Oral Corticosteroids 

 

9 (17.3) 

21 (40.4) 

5 (9.6) 

11 (21.2) 

3 (5.8) 

0 (0) 

 

6 (11.5) 

2 (3.8) 

0 (0) 

4 (7.7) 

1 (1.9) 

1 (1.9) 

 

0,081 

0,046* 

0,316 

0,726 

1,000 

0,231 

Location of Lesion 

 Upper Right Lobe 

 Medial Lobe 

 Lower Right Lobe 

 Upper Left Lobe 

 Lower Left Lobe 

 

12 (23.1) 

4 (7.7) 

7 (13.5) 

14 (26.9) 

3 (5.8) 

 

2 (3.8) 

1 (1.9) 

1 (1.9) 

4 (7.7) 

4 (7.7) 

 

0,232 

Specimen Collection 

 Bronchial Washing and Bronchial Brushing 

 Bronchial Washing and Biopsy Forceps 

 

14 (26.9) 

26 (50.0) 

 

3 (5.8) 

9 (17.3) 
0,729 
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Figure 3. Distribution of Bronchoscopy Visualisation in Lung Cancer 

Correlation of Bronchoscopy Visualisation to Fungal Culture Positivity 

The research results in Figure 4 show the bivariate test of bronchoscopy visualization against the positivity of fungal 

cultures. These results indicate that out of 52 total lung cancer patient samples, 26 patients showed bronchoscopy 

visualization results with irregular, hyperemic mucosa and infiltrative stenosis (50.0%), which indicated the highest fungal 

culture positivity in lung cancer. Based on statistical results, these findings also showed a significant relationship (p=0.000). 

Bronchoscopy visualization with irregular, hyperemic mucosa and infiltrative stenosis is a variable that can be used as an 

indicator of suspicion for positive fungal culture in lung cancer cases and is categorized as a high-risk group for pulmonary 

mycosis. 

 

 
 

Figure 4. Correlation of Bronchoscopy Visualisation to Fungal Culture Positivity 

Correlation of Bronchoscopy Visualisation to the Identification of Fungal Types 

Figure 5 illustrates the results of a bivariate test conducted via bronchoscopy visualization to identify various types of 

fungi. The findings indicate that, among 26 lung cancer patients exhibiting irregular mucosal visualization and hyperemic 

infiltrative stenosis, four distinct types of fungi were identified. Candida sp. (38.4%) was the most prevalent, followed by 

Aspergillus sp. (5.8%), Cryptococcus sp. (3.8%), and Epicoccum sp. (1.9%). It can be generally concluded that infiltrative 

stenosis may act as a risk factor for the positivity of all types of fungi, particularly Candida sp., in lung cancer cases. 

Additionally, other bronchoscopy images showing a blockage caused by a mass are more likely to test positive for Candida 

sp. (17.3%), while decompression stenosis is more often linked to positive results for Aspergillus sp. (3.8%). 
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Based on statistical results, bronchoscopy visualization can establish a meaningful or significant relationship when 

identifying the type of fungus (p = 0.015). The irregular surface of the lung tissue, redness, and narrowing seen during 

bronchoscopy visualization might suggest a higher risk of fungal infections, even if various fungi are found in lung cancer 

patients. Also, the results from this visualization can be used to identify groups of fungal infections that occur as secondary 

infections in patients with lung cancer. 

 
 

Figure 5. Correlation of Bronchoscopy Visualisation to the Identification of Fungal Types 

 

4. DISCUSSION 

 

The results of this study use several variables to assess the relationship between demographic and clinical factors and the 

general positivity of fungal cultures. These variables include age, gender, BMI, smoking history, comorbidities, history of 

long-term medication use, and lesion location. All these variables were examined using statistical tests to see if there is a 

meaningful connection with the positivity of fungal cultures in lung cancer. 

 

Most subjects in this study were male patients (71.2%) over the age of 40 (90.4%) with an underweight nutritional status 

(51.9%). There was no significant relationship found between these three variables and the positivity of the fungal culture. 

The study by Alfarisa et al. (2021) indicated that lung cancer cases predominantly occurred in men (70.4%) aged over 40 

years (95.4%).11 Additionally, the study by Agung et al. (2020) noted that most lung cancer patients were men aged 50 to 

69 years.12 This male demographic is often linked to smoking habits, which are a significant source of carcinogens 

associated with lung cancer. Typically, the incidence of lung cancer is highest among individuals over 40 years of age.11,12 

Moreover, the study by Polanski et al. (2017) found that most lung cancer patients were in a state of malnutrition (51.1%). 

As the disease progresses, increased metabolism, systemic inflammatory responses, and reduced appetite contribute to this 

malnutrition. Conditions of malnutrition adversely affect prognosis and contribute to increased mortality rates.14,15 

 

The results of this study show that many lung cancer patients (55.8%) have a history of heavy smoking, which is strongly 

linked to positive fungal cultures, as shown by a p-value of 0.000. Smoking habits are among the most critical factors 

associated with the formation of fungal colonies in the respiratory tract, with an incidence rate ranging from 60% to 85% 

in lung cancer patients.16 The repeated exposure to nicotine in cigarettes leads to alterations in the structure of epithelial 

cells, resulting in ciliary dysfunction, hypersecretion, and impaired mucus clearance. This condition increases the 

likelihood of fungal cultures forming in active smokers, particularly those diagnosed with lung cancer.17,18 
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Cases of COPD (44.2%) represent the highest comorbidity among lung cancer patients and show a significant association 

with positive fungal cultures, evidenced by a p-value of 0.046. Research indicates that a history of COPD is prevalent in 

lung cancer cases and occurs in 50–90% of patients. The connection between COPD and thoracic malignancies is intricate, 

sharing common risk factors such as cigarette smoke, occupational exposures, and genetic predispositions.19,20 Chronic 

inflammation, oxidative stress, and lung tissue remodeling associated with COPD contribute to cellular mutations that can 

lead to the development of malignant cells.21 Smoking habits are closely linked to both COPD and lung cancer, with the 

potential to facilitate fungal colonization.18 Alveolar macrophages in smokers exhibit a reduced capacity for phagocytosis 

and a diminished ability to eliminate pathogens. Cigarette smoke can directly damage the respiratory epithelium, affecting 

cilia, goblet cells, basal cells, and secretory glands. The buildup of secretions in the respiratory epithelium initiates the 

process of fungal colonization, particularly in lung cancer cases.17,18 

 

Using bronchodilators, whether alone or with inhaled corticosteroids (44.2%), significantly correlates with a history of 

long-term medication use and the positivity of fungal cultures in lung cancer (p=0.046). According to a study by Lu and 

Mao (2024), 61.5% of COPD patients are at risk of fungal colonization if they have a history of bronchodilator use. 

Moreover, inhaled corticosteroids significantly increase the risk of fungal colonization in COPD patients with lung 

cancer.22 The administration of inhaled corticosteroids results in vasodilation, increased capillary permeability, and reduced 

migration of leukocytes to injured tissues, exerting immunosuppressive effects via glucocorticoid receptors, which inhibit 

the transcriptional activity of pro-inflammatory genes, including NF-κB. Additionally, corticosteroids can lower the 

number of certain immune cells in the blood and prevent the joining of phagolysosomes in macrophages by keeping 

lysosomal membranes stable during the process of engulfing pathogens. Consequently, the use of high-dose glucocorticoids 

can significantly raise the risk of infection.22,32 

 

The location of lesions in the left upper lobe (34.6%) is the most common site in lung cancer and does not have a significant 

relationship with the positivity of fungal cultures. The study by Kinsey et al. (2014) mentioned that most cancer lesions are 

in the upper lobe of the lungs, with the left upper lobe accounting for 31.6% and the right upper lobe for 30.8%. The 

location of lesions might be affected by how air and blood flow differently in the upper lobes compared to the lower lobes, 

which can lead to cancer cells getting stuck and forming lesions there. This phenomenon causes cancer cells to become 

trapped and form cancer lesions in that area. The anatomic distribution of blood circulation in the upper lobe also supports 

the acceleration of carcinogenesis. The influence of exposure to cigarette smoke or air pollution is distributed earlier in the 

upper lobe after the trachea, causing cancer cells to invade that area more frequently.24 

 

Distribution of Culture Positivity and Fungal Identification 

Positive fungal cultures were found in 76.9% of lung cancer patients, with four types of fungi identified in this study. The 

study by El-Badarawy et al. (2023) showed 68% positive fungal cultures from 100 lung cancer patients.25 The study by 

Prasenohadi et al. (2021) also found 40% positive fungal cultures from 20 lung cancer patients.7 This study identified four 

types of fungi: Candida sp. (61.5%), Aspergillus sp. (9.6%), Cryptococcus sp. (3.8%), and Epicoccum sp. (1.9%). The 

study by Laroumagne et al. (2013) identified Candida sp. (42.9%) as the most prevalent type of fungus, followed by 

Aspergillus sp. (6.2%) in lung cancer cases.26 The study by El-Badarawy et al. (2023) also mentioned that Aspergillus sp. 

(36%) and Candida sp. (32%) were the most frequently identified types of fungi from 100 lung cancer patients.25 

 

Structural damage to the lining of the lungs and lung tissue can create an environment conducive to fungal growth, 

potentially resulting in positive culture tests among lung cancer patients.27 The common finding of Candida sp. in lung 

cancer patients might be due to the organism's ability to grow more widely in the upper respiratory tract and become a 

regular part of the body's normal bacteria.9 Additionally, Candida sp. can change their shape from yeast to a more invasive 

form, which helps them enter the respiratory lining. Factors such as body temperature, pH changes, and nutritional 

deficiencies can influence these transformations. The necrotic conditions resulting from cancer invasion can lead to the 

formation of biofilms in Candida species, enabling them to spread to surrounding organs.27,28 

 

Unlike Candida sp., Aspergillus sp. positivity is rarely identified in lung cancer cases. This difference can be caused by the 

type of test specimen collection used. This study shows that the use of bronchial washing is the primary modality used for 

fungal culture examination. The characteristics of Aspergillus sp. also contribute to its low positivity. Aspergillus sp. has 

a higher penetration and invasive power in the respiratory tract epithelium down to the lung parenchyma, resulting in more 

positive results from tissue specimens.3,23 The most tissue samples were taken in this study using biopsy forceps, followed 

by bronchial brushing. This sampling process can also yield negative culture results due to the quality of the specimen 

used. Damage to the fungal cell structure or the integrity of fungal cell components during the procedure significantly 

affects the results of the fungal culture process.29 

The fungal species Cryptococcus sp. and Epicoccum sp. are rarely reported as pathogenic fungi, particularly in cases of 

pulmonary mycosis or secondary infections related to lung cancer. Infections from Cryptococcus sp. are strongly linked to 

serious immune system problems, such as HIV, organ transplants, autoimmune diseases, and long-term use of 



Correlation Analysis of Bronchoscopy Visualization to Results of Fungal Cultures in Lung Cancer 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 
 
 
 

 pg. 46 

 

corticosteroids.30 In contrast, Epicoccum sp. is primarily recognized as an environmental fungus and is often considered a 

contaminant of normal flora rather than a pulmonary pathogen.31 

 

Distribution of Bronchoscopy Visualisation in Lung Cancer  

Based on the bronchoscopy procedure, there are four groups of bronchoscopy visualization findings in lung cancer patients. 

The most common findings associated with lung cancer include irregular, hyperemic mucosa and infiltrative stenosis, 

observed in 53.8% of cases. These findings align with the study conducted by Aycicek et al. (2022), which reported 

irregular and infiltrative mucosa in 24.47% of lung cancer patients. The infiltrative appearance in the opening area indicates 

ongoing tissue damage, potentially facilitating fungal growth.17,28 Additionally, several studies suggest that typical 

bronchoscopy findings such as tracheobronchial stenosis, mucosal edema, irregular mucosa, ulceration, infiltration, 

yellowish-white secretions, white patchy nodules, and blackish-gray pigmentation are often associated with pulmonary 

mycosis in patients with lung cancer.7,28,33 

 

Correlation of Bronchoscopy Visualisation to Fungal Culture Positivity  

The results of this study indicate that bronchoscopy visualization significantly influences the positivity of fungal cultures 

(p=0.000). Visualizations displaying irregular, hyperemic mucosa and infiltrative stenosis (50.0%) exhibited the highest 

distribution of positive cultures. These findings align with the research conducted by Aycicek et al. (2022), which 

highlighted a strong correlation between specific lung patterns and positive fungal cultures in lung cancer patients. 

Procedures such as bronchial washing and bronchoalveolar lavage (BAL) primarily identify the increased incidence of 

positive fungal cultures in these cases. Additionally, these results suggest that changes in anatomical structures seen during 

bronchoscopy visualization do not facilitate the specific identification of fungal infections.28 

 

Infiltrative stenosis is a significant factor in the observation of bronchoscopy lung cancer and fungal growth. This 

infiltrative process indicates chronic damage to the bronchial epithelium, which becomes a site for carcinogenesis, 

ultimately leading to the development of lung cancer lesions.33 Consequently, damage to the epithelium facilitates the 

adhesion of hyphae, promoting their colonization and invasion of the tissue. The location of the lesion in the upper lobe is 

associated with a more rapid invasion of hyphae due to the increased oxygen supply in that area. The inflammatory response 

in the affected region will demonstrate a pattern of repeated infiltration, which induces chronic inflammation and results 

in mucosal damage.7,25,33 

 

Correlation of Bronchoscopy Visualisation to the Identification of Fungal Types 
The results of this study indicate a significant influence of bronchoscopy visualization on the identified types of fungal 

(p=0.015). In general, the unusual look of the lung lining, increased redness, and narrowing of the airways helped grow 

positive fungal cultures for all types of fungi in this study. The importance of the bivariate analysis shows that the 

infiltrative condition makes it easier for fungi to grow, which can cause health problems in the lungs. 

 

Isolate Candida sp. is the most frequently identified type of fungus in this study. This species shows a marked susceptibility 

to infection, characterized by an irregular and hyperemic appearance of the mucosa. Signs that might indicate a possible 

Candida sp. infection are more common when the opening is narrowed and blocked by a growth. This tendency is linked 

to how Candida sp. sticks strongly to damaged tissue, making it easier for the fungus to grow.34 Also, the way cancer 

affects the epithelial tissue can cause tissue death, making it easier for Candida sp. to create biofilms and spread to nearby 

tissues. Furthermore, Candida sp. can change its shape from yeast to hyphae, which helps it invade the damaged areas of 

the epithelium more quickly.27,28 

 

The low positivity rate for Aspergillus sp. in this study may be attributed to inadequate specimen collection. Positive 

cultures for Aspergillus sp. are seldom obtained from bronchial washing specimens and are more commonly identified in 

tissue specimens.27 However, the methods used to obtain tissue specimens in this study, specifically bronchial brushing 

and biopsy forceps, may also contribute to the low positivity rate for Aspergillus sp. This reduced positivity rate can occur 

because the specimen collection process during bronchoscopy may damage the fungal components, making the fungal 

hyphae microscopically unidentifiable. Aspergillus sp. is the most prevalent pathogenic fungus responsible for pulmonary 

mycosis, yet it poses challenges for identification. This difficulty arises because Aspergillus sp. has greater 

penetration/invasiveness compared to other fungi and can even infect the circulatory system.9,18,28 

 

Other types of fungi, Cryptococcus sp. and Epicoccum sp., are rarely recorded as causes of pulmonary mycosis. These two 

types of fungi tend to be identified as contaminants. Cryptococcus sp. is more likely to appear in severe 

immunocompromised conditions such as HIV/AIDS. Meanwhile, Epicoccum sp. is more often found through 

contamination with soil environments. However, the results of both fungi types in this study can be used as scientific 

references because they are relevant to bronchoscopy visualization and infiltrative stenosis lesions.28,30,31 
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5. CONCLUSION 

 

The positivity of fungal cultures has the potential to be a secondary infection in lung cancer. A history of severe smoking, 

indicated by a high Brinkman index, comorbidity with COPD, and the use of bronchodilators are significantly related to 

the positivity of fungal cultures in lung cancer. The most common bronchoscopy findings in lung cancer are irregular, 

hyperemic mucosa and infiltrative stenosis. These results also show a significant correlation with the positivity of fungal 

cultures. Anatomical changes due to epithelial damage during the carcinogenesis process become the main pathway for 

hyphal adhesion and invasiveness to form fungal colonization in lung cancer. 

 

Bronchoscopy visualization with findings of irregular, hyperemic mucosa and infiltrative stenosis has a significant 

relationship with the identification of the fungal types of Candida sp., Aspergillus sp., Cryptococcus sp., and Epicoccum 

sp. Isolates of Candida sp. were the most frequently cultured fungi in this study and were predominantly formed in orifices 

experiencing infiltration and mass occlusion based on bronchoscopy visualization. Meanwhile, Aspergillus sp. tends to be 

found in infiltrative and decompressed orifices, based on bronchoscopy visualization. The bronchoscopy visualization 

parameters in this study can be used as a reference diagnostic indicator in establishing pulmonary mycosis as a secondary 

infection in lung cancer. 
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