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Abstract 
Background and Purpose: Chronic obstructive pulmonary disease (COPD) has been recognized as a risk factor for 

invasive aspergillosis. Airway colonization by Aspergillus species is a common feature of chronic pulmonary diseases. 

Nowadays, the incidence of COPD has increased in critically ill patients. The aim of the present study was to isolate 

and identify Aspergillus colonies in the respiratory tract of COPD patients. 

Materials and Methods: This study was performed on 50 COPD patients, who were aged above 18 years, and were in 

intensive care units of three hospitals in Sari, Iran, for at least six days. All the samples obtained from sputum, 

bronchoalveolar lavage, and tracheal aspirates were cultured for fungi each week. According to the conventional 

techniques, Aspergillus isolates were initially based on growth and standard morphological characteristics. To confirm 

the identification of grown Aspergillus, the partial beta-tubulin gene was sequenced using specific primers.  

Results: A total of 50 patients, who met our inclusion criteria, were enrolled in the study during 2012-14. The results 

showed that 27 (54%) and 23 (46%) of the participants were male and female, respectively. The majority of the patients 

developed dyspnea followed by hemoptysis, chest pain, and high fever. Corticosteroids and broad-spectrum 

antibacterial agents were administered to 75% and 80% of the patients, respectively. Based on the conventional and 

molecular approaches, A. fumigatus (seven cases; 43.7%), A. flavus (five cases; 31.2%), A. niger (one case; 6.2%), A. 

terreus (one case; 6.2%), A. orezea (one case; 6.2%), and A. tubingensis (one case; 6.2%) were recovered. 

Conclusion: Recovery of Aspergillus species from the respiratory tract of COPD patients with pneumonia indicates two 

possibilities: either colonization or invasive aspergillosis. 
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Introduction
n the recent years, chronic obstructive 

pulmonary disease (COPD) has been 

recognized as a risk factor for invasive 

aspergillosis, which occurs as a result of 

smoking tobacco or long-term exposure to 

pollution caused by burning of wood and other 

biomass fuels [1, 2]. Currently, COPD is the 

fourth cause of morbidity and mortality, and it 

has been estimated to rank third by 2020 [3].  

The airflow limitation characteristic of 

COPD is caused by chronic inflammatory 

response in both airways (obstructive 

bronchiolitis) and lung parenchyma 

(emphysema) [4]. Four stages of COPD are 

defined as mild, moderate, severe, and very 

severe (stages I to IV, respectively) [3]. Airway 

colonization by Aspergillus species is a 

common feature of chronic pulmonary diseases 

[5]. According to the National Nosocomial 

Infection Surveillance System, Aspergillus 

species were responsible for 1.3% of the 

nosocomial fungal infections [6]. Nowadays, 

incidence of COPD has increased, so that in 

India the occurrence of this disease has 

increased by was 4.1% [7]. In a retrospective 

study conducted by Khasawneh et al., it was 

found that COPD was the most common 

underlying disease (22%) in critically ill 

patients [8].  

Various studies demonstrated the incidence 
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of invasive pulmonary aspergillosis (IPA) in 

COPD patients [9-11]. The increased 

prevalence of Aspergillus species colonization 

was observed in COPD patients [12], although 

other fungal infections such as colonization of 

Pneumocystis jirovecii is also possible [13]. 

Aspergillus species are responsible for a variety 

of infections ranging from saprophytic 

colonization of the respiratory tract to rapidly 

invasive and disseminated diseases [14].  

Aspergillus can usually colonize in the 

upper respiratory tract, where the progress of 

the infection requires penetration of the spores 

in the lower airways, which is associated with 

germination and tissue invasion [15]. Given the 

small size (2–3 mm) of Aspergillus spores, A. 

fumigatus can reach lung parenchyma through 

the airways [16]. In COPD patients, ciliary 

activity of the bronchial epithelium, defense 

mechanisms of the airways, phagocytic host 

defense, and natural killer lymphocytes are 

often impaired, which facilitates the binding of 

conidia to the epithelial layer [17].  

Consumption of corticosteroids and broad-

spectrum antibiotics before ICU admission 

seems to be associated with high risk for IPA in 

COPD patients [11, 18]. Recurrent 

interpretation of Aspergillus hyphae in COPD 

patients might indicate an ongoing semi-

invasive or invasive process, and must be 

avoided in the clinical context. The aim of the 

present study, therefore, was to isolate and 

identify colonization of Aspergillus species in 

the respiratory tract of COPD patients as an 

important risk factor for development of 

invasive aspergillosis. 

 

Material and Methods 
Study population  

This study was performed on 50 patients (27 

males and 23 females; age range: 18-80 years; 

mean age: 57.5 years) diagnosed with COPD, 

based on the Global Initiative for Chronic 

Obstructive Lung Disease guidelines [3]. The 

patients were admitted to the intensive care 

units (ICU) of hospitals affiliated (Imam 

Khomeini, Boo Ali and Shafa) to Mazandaran 

University of Medical Sciences, Sari, Iran, 

during 2012-14.  

The study was approved by the Ethics 

Committee (ethical no. 94.6.4-188) of 

Mazandaran University of Medical Sciences, 

Sari, Iran, and written informed consent was 

obtained from the patient’s next of kin for 

publication of this report. A total of 65 

respiratory samples, including sputum, 

bronchoalveolar lavage (BAL), and tracheal 

aspirates (intubated patients), were initially 

obtained six days after admission and once a 

week thereafter. BAL samples were obtained 

by fiberoptic bronchoscopy (Olympus BF20D, 

Philippines) twice a week if feasible. Direct 

examination with potassium hydroxide with 

calcofluor white (KOH + CFW) was done to 

identify fungal elements in all the samples. 

In order for homogenization, respiratory 

tract specimens were diluted with an equal 

volume of 0.5% pancreatin, and were incubated 

for 1-2 hours at 30°C with shaking. Afterward, 

they were centrifuged for five minutes at 5000 

rpm, and the supernatant was discarded. The 

remaining sediment was used for direct smear 

using calcofluor white (solution 0.1%, Sigma-

Aldrich Darmstadt, Germany) and 15% KOH 

staining.  

For isolation of Aspergillus species, the 

samples were cultured on Sabouraud Dextrose 

Agar (SDA, Difco) containing chlorampheni-

col, and were incubated at 30°C in dark for five 

days. According to the conventional 

techniques, Aspergillus isolates were identified 

base on growth and standard morphologically 

characteristic. All the yeasts were cultured on 

SDA plates and CHROM agar (Himedia, India) 

Candida and incubated at 35°C for 48 hours.  

 

Molecular analysis 

Genomic DNA was extracted using 

UltraClean Microbial DNA Isolation Kit (Mo 

Bio, Carlsbad, CA 92010, USA) according to 

the manufacturer’s instructions, and was stored 

at −20°C until used. The partial β-tubulin genes 

were amplified and sequenced using TUB2A 

(5′-TGACCCAGCAGATGTT-3′) and TUB2B 

(5′-GTTGTTGGGAATCCACTC-3′) primers. 

Polymerase chain reaction (PCR) was 

performed on 50 mL volumes of 25 ng 

template DNA, 5 mL reaction buffer (0.1 M 

Tris HCl, 0.5 M KCl, 15 mM MgCl2, 0.1% 

gelatin, 1% Triton X-100, pH 8.0), 0.2 mM of 
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each dNTP, and 2.0 U Taq DNA Polymerase 

(ITK Diagnostics, Leiden, Netherlands) using a 

Gene Amp PCR System 9700 (Applied 

Biosystems, Foster City, USA). 

 For primary denaturation, amplification was 

performed at 94°C in cycles of two minutes, 

followed by 35 cycles at 94°C (45 seconds), 

58°C (30 seconds), and 72°C (120 seconds), 

with a final seven-minute extension step at 

72°C. Amplicons were purified using QIAquick 

PCR Purification Kit (Qiagen, Cat. No. 28104, 

UK).  

Sequencing was performed at 95°C for one 

minute, followed by 30 cycles at 95°C for 10 

seconds, at 50°C for five seconds, and at 60°C 

for two minutes. Reactions were purified using 

Sephadex G-50 Fine (GE Healthcare Bio-

Sciences, Uppsala, Sweden), and sequencing 

was done on an ABI 3730XL automated 

sequencer (Applied Biosystems, Foster City, CA 

94404, USA). The sequence data were adjusted 

using SeqMan from Lasergene software 

(DNASTAR Inc., Madison, Wisconsin, USA), 

and were compared with GenBank database 

(http://blast.ncbi.nlm.nih. gov/Blast.cgi) and 

through basic local alignment search tool, and 

with a molecular database maintained for 

research purposes at the CBS-KNAW Fungal 

Biodiversity Centre, Utrecht, Netherlands. 
 

Results 

The results showed that 27 (54%) of the 

participants were male and 23 (46%) were female 

(f/m ratio 1:1.1), and the mean age was 57.5 

years. The patients suffering from severe COPD 

were aged over 70 years. The mean duration of 

ICU stay was 11.5 days and the range of duration 

was 1–45 days. Table 1 summarizes the 

characteristics of the participants. 

Pulmonary function tests were performed, 

and most of the patients (95%) demonstrated 

obstructive disease followed by dyspnea, 

hemoptysis, chest pain, and high fever. 

Corticosteroids and broad-spectrum antibacterial 

agents were administered to 75% and 80% of 

the patients, respectively. Subsequently, high-

resolution computed tomography (CT) scan was 

performed in 45 patients (90%) within an 

average of one week after the onset of 

symptoms. The principal findings were lobular 

infiltration and multi-focal infiltration. More 

specific signs, such as halo or air-crescent signs 

were not observed.  

Generally, 65 respiratory samples 

comprising BAL (41%), endotracheal (39%), 

and sputum (20%) were collected from the 

patients. Direct examination and/or culture of 

respiratory specimens yielded positive results 

for 42 of the samples (sensitivity: 65%). 

Colonization with Candida species, Aspergillus 

species, and other filamentous fungi and 

bacteria (Pseudomonas aeruginosa) were 

diagnosed in 20 (47.6%), 16 (38%), 2 (4.7%), 

and 4 (9.5%) specimens, respectively.  

C. albicans (60.5%) was the most frequently 

recovered species by culture, followed by C. 

tropicalis (16%), C. krusei (15.5%), and C. 

glabrata (8%). The most common species of 

filamentous fungi was Aspergillus species. 

Based on the conventional and molecular 

approaches, A. fumigatus (seven cases; 43.7%), 

A. flavus (five cases; 31.2%), A. niger (one 

case; 6.2%), A. terreus (one case; 6.2%), A. 

orezea (one case; 6.2%), and A. tubingensis 

(one case; 6.2%) were recovered (Figure 1). All 

the samples showed a single band at 500 bp 

(amplicon) by gel electrophoresis; the band 

represented a fungal amplicon. 

 
Table 1. Demographic and clinical information of chronic obstructive pulmonary disease patients 

Isolated Aspergillus 

spp. 
Source of  sample Radiographic sign Clinical sign 

Intensive 

care unit stay 

(day) 

Gender 
Mean age 

(year) 

A. fumigatus: 43.7% 

A. flavus: 37.5% 

A. niger: 12.5% 

A. terreus: 6.2% 

A. orezea: 6.2% 

A. tubingensis: 6.2% 

BAL: 41% 

Endotracheal:39% 

Sputum: 20% 

Lobular infiltration: 30% 

Multi focal infiltration: 22% 

Consolidation: 14% 

Nodule: 14% 

Plural effusion: 12% 

Cavitations: 8% 

Dyspenea: 42% 

Hemoptysis: 40.5% 

Chest pain: 37% 

High fever: 35% 

Plural rub: 10% 

Cough: 5% 

Neurological symptoms: 4% 

1-7: 22% 

7-16:52% 

>21: 26% 

 

Male: 54% 

Female: 46% 

 

18-29: 8% 

30-49: 22% 

50-69: 34% 

>70: 36% 
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Figure 1. Frequency of filamentous and yeast fungi in chronic obstructive pulmonary disease patients

 

Discussion 
COPD is a chronic inflammatory disease of 

pulmonary airways, and the most commonly 

encountered risk factor for this disorder is 

tobacco smoking. It has been estimated that this 

disease will become the third leading cause of 

mortality by 2020 [3]. Aspergillus species are 

ubiquitous airborne filamentous fungi, and are 

commonly isolated from lung transplant 

recipients. Although invasive Aspergillosis is 

relatively uncommon, non-invasive colonization 

of Aspergillosis occurs in approximately one-

third of lung transplant recipients, which might 

lead to disease and sometimes mortality. 

 Predisposing factors such as mildly 

impaired host immunity and underlying 

pulmonary diseases can lead to aspergillosis 

[19, 20]. However, it is a big challenge 

between fungal colonization of the lung and 

active fungal infection. A recent study reflected 

COPD as one of the most significant 

predisposing factors for Aspergillus spp. 

colonization/infection in ICU patients  [21, 

[21]. Guinea et al. reported that 1.63% of 

COPD patients had Aspergillus species in their 

lower respiratory tract samples, and 22.1% of 

these patients had probable IPA [11]. 

Colonization of the airways is defined as 

obtaining one or more positive cultures of 

Aspergillus species from respiratory discharge 

(BAL, endotracheal, and sputum) in three 

consecutive months. We found our patients to 

be colonized, since none of our patients met the 

criteria for “proven”, “probable” or “possible” 

invasive fungal disease based on the definitions 

of invasive fungal disease propounded by the 

European Organization for Research and 

Treatment of Cancer and Mycoses Study Group 

(EORTC/MSG) Consensus Group [22].  

 None of the patients showed any 

radiological abnormalities which could not be 

explained by their underlying pulmonary 

pathology. Further follow-up visits are required 

to determine whether such colonization is a 

prelude to the development of co-morbidity due 

to invasive or disseminated fungal disease and 

if so, to work out the time kinetics and nature 

of such progression. However, none of our 

patients developed invasive fungal infection 

until the completion of the study.  

In the current study, 16 positive cultures of 

Aspergillus species were obtained from 65 

specimens and the prevalence of colonization 

was 24.6%. A. fumigatus was the most 

frequently recovered species (43.7%), followed 

by A. flavus (31.2%), A. niger (6.2%), A. 

terreus (6.2%), A. orezea (6.2%), and A. 

tubingensis (6.2%). Cornillet et al. reported that 
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in mycological examination of 79 BAL fluid 

specimens, A. fumigatus was the most 

frequently recovered species (44 cases; 90%), 

either alone or with another Aspergillus 

species, followed by A. terreus )four cases; 

8%) , A. nidulans (one case; 2%) ,A. niger (one 

case; 2%) and A. flavus (one case; 2%) [23].  

A study by Huerta et al. reported that 

isolation rate of Aspergillus species from 

sputum specimens was 16.6%, whereas this 

rate was 14.4% after one year of follow-up 

[24]. In addition, Kurhade et al. [25] and 

Shahid et al. [26] isolated Aspergillus species 

from sputum and BAL samples of 16.3% and 

14.7% of the cases with chronic respiratory 

diseases, respectively.  

In contrast, in our cases isolation of 

Aspergillus species from respiratory samples, 

in the absence of signs of pneumonia, was 

considered to represent colonization. However, 

the patients presenting with risk factors were 

treated by antifungal drugs. Isolation of 

Aspergillus species from respiratory samples in 

critically ill patients was significantly related to 

both an underlying diagnosis of COPD and 

treatment with corticosteroids [14]. Therefore, 

COPD patients are at risk for Aspergillus spp. 

colonization [2, 27]. 

In addition, corticosteroid therapy may 

suppress neutrophils, which are the first 

immunological responses against Aspergillus 

infection [28]. In this study, corticosteroids 

were administered to 75% of the patients. 

These results have been confirmed by other 

studies, and have supported the relationship 

between pulmonary infection with Aspergillus 

spp. and use of intravenous corticosteroids in 

patients admitted to ICUs for severe 

exacerbation of COPD [29].  

A study carried out by Afessa et al., indicated 

no isolation of Aspergillus species in the 

respiratory secretions of 250 COPD patients 

admitted to ICU due to acute respiratory failure, 

although no report on corticosteroid therapy was 

found [30]. In our study, broad-spectrum 

antibacterial agents were administered to 80% of 

the patients. Antibiotic therapy in patients with 

previous severe exacerbations is one of the key 

factors in promoting further Aspergillus species 

isolation. In a recent study conducted in Spain, 

approximately 73% of COPD patients received 

antibiotics [31].  

Our findings demonstrated considerable 

colonization of respiratory tract with 

Pseudomonas aeruginosa (9.5%). Isolation of 

bacterial infection, especially Pseudomonas 

aeruginosa in COPD exacerbation was also 

associated with high risk for Aspergillus species 

isolation [32-34]. In the present study, halo or air 

crescent signs were observed; however, classic 

CT scan characteristics such as, air-crescent and 

halo signs, as well as consolidation are very 

infrequent  in COPD patients with invasive 

pulmonary aspergillosis [9, 11].  

Ultimately, one of the major risk factors for 

Aspergillus species colonization/infection in 

COPD patients is treatment with 

corticosteroids. Therefore, in ICU patients with 

these underlying factors, treatment with 

antifungal agents should only be applied in the 

presence of symptoms of infection and positive 

cultures for Aspergillus species from 

respiratory samples. 

Whereas, with colonization of Aspergillus 

species (confirmed by obtaining samples from 

respiratory secretions of critically ill patients), 

and absence of risk factors and signs and 

symptoms of infection, antifungal therapy 

should not be initiated. 
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