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Abstract                                                                                                                                  

Background: Fungal infections of the lung are less common than bacterial and viral 

infections. They are very difficult to diagnose  and treat. Recently these infections are being 

diagnosed with an increasing frequency.  

Objective: To determine the frequency rate and sensitivity pattern of fungal pathogens 

associated with chronic pulmonary infections among patients attending Al Shaab Teaching 

Hospital, Khartoum, Sudan. 

Materials and methods: The study investigated 185 cases of chronic pulmonary infections. 

Sputum specimens were collected from all cases and processed for presence of fungal pathogens. 

Sensitivity pattern of the isolates was determined using the standard  E test method . 

Results: A total of 185 patients sufferings from chronic pulmonary infections were investigated. 

Majority of them (125/67.6%) were males. Most of patients (117/63.2%) were in the age range 

19-49 years. Fungal pathogens were detected in 15 (8%) sputum specimens. Among the isolated 

fungal pathogens Aspergillus spp was predominant (13/86.6%). E-test sensitivity of Aspergillus 

spp against itraconazole  and voriconazole antifungals were 61.5% and 83.4% sensitive; and 

7.7% and 8.3% resistant respectively.                                                                                                      

Conclusion: In this study, Aspergillus spp was the predominant pathogen isolated, and 

itraconazole and voriconazole drugs had the highest antifungal activity against this organism. 
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Introduction 
 

The incidence rate of fungal pneumonias has increased significantly, particularly due to 

increasing number of immunocompromised patients. Infections are acquired by inhalation of the 

opportunistic fungi, which are either ubiquitous or part of the normal flora and contaminated soil. 

Although the opportunistic fungal pathogens have been limited to well-known fungi such as  
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Candida albicans, Cryptococcus neoformans, and Aspergillus fumigatus, yet there are new  

emerging pathogens and other species of Candida and Aspergillus1. 

 Presence of fungi in respiratory secretions may represent a true infection. On the other hand, the 

infection only implies colonization of the respiratory tract. The latter leads to a very different 

management and  prognosis. The differentiation between colonization and infection is not easy. 

Moreover, the antifungal treatment is associated with an increase in adverse events and costs. On 

the other hand, fungal infections are associated with high mortality in those cases where 

treatment initiation is delayed2 . 

Candida is a part of the normal oropharyngeal flora and upper respiratory tract and it may cause  

pneumonia, however,  it is a rare infection  and  most commonly seen as part of a disseminated 

Candida infection  associated with predisposing clinical factors, such as immunosuppressive 

conditions. The criteria for diagnosis are still debatable and the isolation of Candida from 

cultures of sputa, endo-tracheal aspirates, bronchoscopic samples, percutaneous lung needle 

aspirates, or  even lung tissue may only represent colonization of the tracheo-bronchial tree. 

Unfortunately pneumonia due to Candida  has a high morbidity and is often fatal3. 

Aspergillus species may cause infections in humans, particularly Aspergillus fumigatus (85% of 

cases), followed by Aspergillus flavus and Aspergillus niger. It is responsible for a broad 

spectrum of illnesses, from saprophytic colonization of the bronchial tree to rapidly invasive and 

disseminated diseases. The later  remains a major cause of morbidity and mortality in 

immunosuppressed infections with profound granulocytopenia secondary to haematological 

malignancies, or solid organ and bone marrow transplantation. Also it can cause pneumonia in 

intensive care units patients without classical predisposing factors; as well as community-

acquired pneumonia in immunocompetent healthy individuals4.. 
 

 

Materials and methods                                                                                                                                                                                                                                        
 

This was a cross-sectional, hospital-based study conducted at Al Shaab Teaching Hospital, 

Khartoum (Sudan) during a period from June 2016 to April 2018. Ethical approval was received 

from Sudan University of Science and Technology Ethical Board. Permission to collect the 

specimens was granted by the authorities of Al Shaab Teaching Hospital (Khartoum). A verbal, 

informed consent was obtained from all participants before specimens collection; and a detailed 

explanation of the study objectives was given to them. High ethical standards were maintained 

throughout the entire duration of this study. Clinical and laboratory data was collected by            

a structured interview questionnaire and analyzed by the Statistical Package for Social Sciences 

(SPSS) program, version 25. Data were presented in form of tables and figures. Frequencies, 

means,  and standard deviation were calculated.  

A total of 185 sputum specimens were collected from patients presenting with chronic 

pulmonary infections. The specimens  were subjected to mycological investigation using 

standard conventional mycological laboratory techniques.                                                                                  

All sputum specimens were subjected to potassium hydroxide (KOH) preparations to detect and 

to provide descriptive morphological information of the fungal elements, and to aid in the 

identification of fungal pathogens. Briefly, a purulent portion of the specimen was mixed with 

10% KOH, left to stand for 20 minutes, and examined at x40 magnification to detect fungal  
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elements. On a clean dry slide Gram’s stain was performed to all sputa to detect presence of 

fungal elements.                                                                                                                                 

Mycological culture was performed on selective Sabouraud's dextrose agar containing 

chloramphenicol, and incubated at 26°C and 37°C respectively, for up to four weeks. Positive 

mould cultures were identified morphologically according to the morphological features 

exhibited by the Lactophenol cotton Blue stain.                                                                                             

Antifungal susceptibility testing was performed by preparing the fungal inoculum according to 

the M51-A and M38A2 Clinical and Laboratory Standards Institute (CLSI ) guidelines. To 

induce conidia, the isolates were grown on potato dextrose agar (PDA) slants at 35°C for 2–7 

days before testing. The conidia of the isolates were mixed in sterile saline with two drops of 

0.05% Tween 20. The turbidity of the mixture was adjusted spectrophotometrically to optical 

density range of 0.09 to 0.11 at 530 nm (equivalent to106 spores/mL)5. 

The plates were inoculated with conidial suspensions by swabbing the Roswell Park Memorial 

Institute (RPMI) 1640 dextrose agar medium containing L-glutamine and buffered to pH 7.0 

with 0.165 M MOPS in three directions. When excess moisture was absorbed by the agar and the 

surface was completely dry, E-test strips (itraconazole and voriconazole concentrations ranging 

from 0.002 to 32 g/ml) were applied to the RPMI dextrose agar and incubated for 48 hrs at 35°C.  

At the end of the incubation period, E-test minimum inhibitory concentrations (MICs) were 

determined. MICs for itraconazole and voriconazole were interpreted according to European 

Committee on Antimicrobial Susceptibility Testing (EUSAT) interpretation criteria6. 
 

Results  
 
 

A total of 185 patients with chronic pulmonary diseases had participated in this study. Their age 

incidence ranged from 9 to 90 years (mean 41 years ±18 SD). Out of them, 125 patients (67.6%) 

were males and 60 patients (32.4. %) were females. The distribution of disease was more 

frequent 117 cases (63.3%) in the 19-49 years age group, followed by 66 cases (35.7%) in the 

age group ≥50 years, and 2 cases (1.1%) in the age group <19 years. 

From the 185 sputum specimens investigated, 13 Aspergillus spp (7%) and 2 Candida spp 

(1.1%) were isolated.                                                                                                                                          

The isolates were identified microscopically by lactophenol cotton blue and the predominant 

Aspergillus spp was Aspergillus flavus (5/2.7%); followed by Aspergillus fumigatus (4/2.2%), 

Aspergillus terreus (4/2.2%), and Candida spp (2/1.1%).                                                                              
The frequency rate of the isolated fungi according to gender incidence was 12 species (80%) among 

males and 3 species (20%) among females. Species isolated from males were: Aspergillus fumigatus (3 

spp), Aspergillus flavus (4 spp), Aspergillus terreus (4 spp), and  Candida spp (one spp).                                                                                                                                                                                        

On the other hand, Species isolated from females were: Aspergillus fumigatus (one spp), Aspergillus 

flavus (one spp), Aspergillus terreus (none), and  Candida spp (one spp).                                                    

Against Aspergillus spp, the mean MIC for itraconazole was (1.02±1.07 SD) and the mean MIC 

for voriconazole was (0.56± 0.86 SD). The E-test sensitivity pattern of Aspergillus spp against 

itraconazole was: 8 species (61.5%) were sensitive, 4 species (30.8%) were susceptible dose 

dependant, and one species (1.7%) was resistant. While the sensitivity pattern of Aspergillus spp 

against voriconazole was: 10 species (83.3%) were sensitive, one species (8.3%) susceptible 

dose dependant  and one species (8.3%) was  resistant.    
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All sputum specimens were examined directly by KOH preparation and Gram's stain. 7 isolates   

out of the 15 fungal isolates showed positive fungal elements (Fig 1).  

                              (A)                                          (B)                                          (C) 

 
 

Fig. (1): (A) Gram's stain: Candida spp pseudohyphae.                                                                                         

                            (B) Gram's stain: Aspergillus spp dichotomous hyphae                                                                                      

(C) KOH preparation: Fungal hyphae  
 

The antifungal activity of itraconazole and voriconazole against the different Aspergillus spp 

showed that Aspergillus flavus and Aspergillus terreus were the most sensitive species to 

itraconazole; and Aspergillus flavus was the most sensitive species to voriconazole (Table 1).   
 

Table (1):  Antifungal activity of itraconazole and voriconazole against Aspergillus spp. 

Isolates Itraconazole Voriconazole 

S SDD R S SDD R 

Aspergillus  fumigatus 2 1 1 3 1 0 

Aspergillus  flavus 3 2 0 5 0 0 

Aspergillus  terreus 3 1 0 2 0 1 

Total 8 4 1 10 1 1 
 

     

 

 

 

 

                  Legend:  S :sensitive, SDD: susceptible dose dependant, R: resistant 

Discussion                                                                                                                                            
 

Fungal species  has become an important cause of respiratory tract infection. This may be due to 

the increasing rates of organ transplantation, cytotoxic therapy, greater use of broad spectrum 

antibiotics, corticosteroids therapy, and immunosuppressant therapy. In the present study, out of 

the 185 investigated patients, 32.4 % were females and 67.6 % were males. The majority of 

patients belong to age group of 19-49 years. Fungal infections are predominantly detected in 

males (80 %) as compared to females (20 %). This may be due to the outdoor work and frequent 

exposure to the outside environment. 
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Aspergillus spp were the most predominant fungal isolates (7%) in this study. They were 

followed by Candida spp (1.1%). This finding was in consistent with the finding of the study       

conducted by Gaurishanker and his colleagues7 in Pakistan who reported that Aspergillus spp 

was the most predominant isolates ( 29%).                                                                                                                   

However, our study finding differs from that of the study performed by Sudipta Basa and co-

workers8 who reported a Candida spp frequency rate of 40 % and an Aspergillus spp frequency 

rate of ( 32.5%).                                                                                                                                                     

Máiz and his co-authors9  reported persistence of Aspergillus spp. and Candida albicans among 

patients with non-cystic fibrosis bronchiectasis.                                                                   

Aspergillus flavus  (38.4%) was the most frequent Aspergillus spp in the present study, followed 

by Aspergillus fumigatus (30.8%) and Aspergillus terrus (30.8%). This finding disagrees with  

the finding of Shivananda10 (1992) who investigated 825 patients with pulmonary infections and 

found a 15.39% Aspergillus spp frequency rate including Aspergillus fumigatus (11.15%), 

Aspergillus niger (3.2%), and Aspergillus flavus (0.96%). 

Isolation of Aspergillus and Candida spp from patients with chronic pulmonary diseases may be 

due to the use of certain medications such as inhaled corticosteroids  and broad spectrum 

antibiotics.                                                                                                                                                  

Furthermore, this study found that the frequency rate of Aspergillus terreus in comparison to 

other Aspergillus species were significantly increased and one of which was resistant to 

voriconazole. Aspergillus species are important pathogens because of their relative amphotericin 

B resistance and  potentially  causes rapidly progressive invasive infections in immuno-

compromised patients.    

The findings of this context showed that itraconazole and voriconazole are active against 

Aspergillus spp. This was in consistent to study conducted by Gheith and his colleagues11 in 

Tunisia who found that itraconazole has been active on all tested Aspergillus species except for 

Aspergillus niger which showed a reduced susceptibility to itraconazole.  

The present study demonstrated the excellent efficacy of voriconazole against Aspergillus flavus 

and Aspergillus fumigatus species and this may put voriconazole as the treatment of choice of 

pulmonary aspergillosis caused by Aspergillus fumigatus and Aspergillus flavus. Similar results 

were published by Diekema and his co-workers12 who reported that posaconazole, ravuconazole, 

and voriconazole have excellent in vitro activity against Aspergillus spp. 

Since mycotic respiratory infections have no specific clinical or radiologic features, these 

diseases may be frequently confused with other respiratory infections such as pulmonary 

tuberculosis or other diseases of obscure etiology; hence a great awareness and a high index of 

clinical suspicion are important pre-requisite for diagnosis of such infections. 

Further  studies are needed  to evaluate the epidemiologic trends, associated factors, and the 

clinical implications of fungal persistence in patients with underlying pulmonary infections. Also 

the effect of fungal colonization and sensitization on airway inflammation and lung function in 

these patients should be explored. A great awareness is required for isolation and identification 

of fungi along with their antifungal susceptibility patterns. 

Conclusion: In this study, Aspergillus spp was the predominant pathogen isolated, and 

itraconazole and voriconazole drugs had the highest antifungal activity against this organism.              
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