
Med. J. Cairo Univ., Vol.  86,  No. 8, December: 4307-4316, 2018  
www.medicaljournalofcairouniversity.net  

Identification and in Vitro Susceptibility Pattern of Fungal  
Pathogens in Immunocomprimised Patients with Pulmonary  
Fungal Infections  
HANAN H. ABD EL-LATEEF, M.D.*; AHMED M. MOHARRAM, M.D.**; MAHA M. EL-KHOLY, M.D.***;  

SOHAIR K. SAYED, M.D.*; MOHAMMED Z. ABD EL-RAHMAN, M.D.* and  
DOAA M. ABD EL-KAREEM, M.Sc.*  
The Departments of Clinical Pathology, Faculty of Medicine*, Botany & Microbiology, Faculty of Science** and  

Chest Diseases, Faculty of Medicine***, Assiut University, Assiut, Egypt  

Abstract  

Background:  The frequency of fungal infections of the  
lung has increased particularly in immunocompromised pa-
tients. Early diagnosis and treatment is important to start  
antifungal therapy and to avoid unnecessary use of toxic  
antifungal agents. This study aimed to identify the common  
fungal species causing pulmonary infection in immunocom-
promised patients and their in vitro antifungal sensitivity  
pattern in Assiut University Hospitals (AUH).  

Subjects and Methods:  This was a hospital based descrip-
tive study conducted on 135 patients admitted at different  
Intensive Care Units (ICUs) and Oncology Department at  
Assiut University Hospitals (AUH). Collected respiratory  
specimens were subjected to direct microscopic examination  

and inoculation on Sabouraud Dextrose Agar (SDA). Identi-
fication of isolated yeasts was done using phenotypic methods  

including chromogenic media (Brilliance Candida agar and  
CHROMagar Candida differential media), germ tube test,  

cornmeal agar and API candida while mould isolates identifi-
cation was mainly dependent on macroscopic and microscopic  
features. Some isolates had confirmed using rRNA gene  
sequencing. In vitro antifungal susceptibility testing was done  
using disc diffusion method.  

Results: In this study 80/135  (59.3%)  of collected samples  
were positive for fungal infection. The most common fungal  
pathogens isolated were Candida and Aspergillus species. In  
vitro sensitivity test showed that the yeast isolates had the  

highest sensitivity to Nystatin (90.9%) followed by Ampho-
tericin B  (80.3%)  while for mould isolates, the highest sensi-
tivity was to Voriconazole (71.4%) followed by Amphotericin  
B  (57.1%).  

Conclusion:  Pulmonary fungal infection appears to be an  
important problem in immunocomprimised patients with  
Candida albicans was the most commonly isolated yeast from  

various clinical specimens; also the increase in the resistance  
especially to azoles is a major concern.  
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Introduction  

THE  incidence of fungal infections is increasing  
at an alarming rate, presenting an enormous pres-
sure and challenge to healthcare professionals for  
their diagnosis and treatment. Emerging fungal  
infections is also cause of significant morbidity  
and mortality. This emergence is directly related  
to the growing population of immune-compromised  
individuals. Patient with condition such as granu-
locytopenia, advanced HIV infection, bone marrow  
and solid organ transplantation, cancer, diabetes  
mellitus, severe burn and trauma and severe mal-
nutrition are among many others predisposing  
factor for low immunity [1] .  

Invasive fungal infection is a major cause of  
morbidity and mortality in immunocompromised  
patients, case mortality in fungal pneumonias can  
be as high as 90% in immunocompromised patients  

[2].  

The mortality of fungal respiratory infections  
has remained high despite the advent of new anti-
fungal therapies. The lack of specific signs of  
infection and the low sensitivity of conventional  
culture-based methods for diagnosis of fungal  
diseases result in delayed initiation of antifungal  
therapy. The early recognition and treatment of  
these infections are crucial for optimal outcome  
and represent a major challenge for the clinicians  
[3].  

In immunocompromised patients, any fungus  
present in the environment may be potentially  
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pathogenic. Aspergillus and Candida spp. are the  

main organisms isolated most frequently from  
immunocompromised patients. The other most  

relevant aetiologic agents are Cryptococcus spp.,  

Fusarium spp., Zygomycete, Dematiaceous fungi  
and opportunistic yeast-like fungi [4] .  

Due to the poor outcome related to Invasive  

Fungal Infections (IFIs) in critically ill patients,  
the knowledge of local epidemiologic trends and  
antifungal susceptibility of etiological agents is  
critical [5] .  

Antifungal susceptibility testing methods are  

available to detect antifungal resistance and to  

determine the best treatment for a specific fungus.  

Clinical microbiology relies on these methods to  
select the agent of choice for a fungal infection,  

and to know the local and the global epidemiology  
of antifungal resistance [6] .  

Compared to antibacterial drugs, antimicrobial  

agents available for treatment of invasive fungal  

infections are sparse. Amphotericin B (polyene)  

was the first drug introduced in the 1950s, followed  
by flucytosine (pyrimidine) in the 1970s, and first-
generations azoles (fluconazole, itraconazole) in  

the 1990s. Triazoles (voriconazole, posaconalzole)  

and echinocandins (caspofungin, micafungin, an-
idulafungin) became available more recently, with  

isavuconazole added in 2015. Although most fungi  
remain susceptible to many of these drugs, expand-
ing use of antifungal therapy due to a steadily  
growing immunocompromised population and  
potentially the use of azoles in agriculture, has led  
to elevated resistance rates among clinical isolates  

[7] .  

The present study was undertaken to identify  
the common fungal species causing pulmonary  
infection in immunocompromised patients and  
their in vitro antifungal sensitivity pattern in Assiut  

University Hospitals (AUH).  

Material and Methods  

-  Study design and population:  
This hospital based descriptive study was car-

ried out in Microbiology Unit, Clinical Pathology  
Department at Assiut University Hospital and  
Assiut University Mycology Center (AUMC),  
Faculty of Science, Assiut University, Assiut, Egypt  
during the period from September 2014 to May  
2016. The study included 135 patients who were  

admitted to different Intensive Care Units (ICUs)  

of Chest, Tropical Medicine, Trauma ICU, General  

ICU, Hematology ICU and Oncology Department  

at Assiut University Hospitals. Samples collected  

from the patients included: Sputum samples (n=37),  

endotracheal tube aspirates (n=42) and Bronchoal-
veolar Lavage (BAL) (n=56).  

-  Laboratory processing of samples:  
A- Direct microscopic examination:  Direct  

smears from samples were prepared and examined  
using Lactophenol Cotton Blue (LCB) as recom-
mended by Ellis et al., [8] .  

B- Culturing of samples: Samples were streaked  
on the surface of two Sabouraud dextrose agar  

(HiMedia, India) plates supplemented with chlo-
ramphenicol (0.5mg/l). One was incubated at 37ºC  
and the other at 25ºC to 27ºC for at least 2 weeks  
with daily examination until fungal colonies appear  

or reported as negative. Cultures were also pre-
served on SDA slant agar for further studies.  

C- Identification of fungi:  
1- Phenotypic identification:  
• Identification of yeast isolates:  

- Culture on different chromogenic media (Bril-
liance Candida agar (Oxoid Company, UK) and  
CHROMagar Candida differential medium (CHRO-
Magar Company, Paris, France): To detect mixed  

yeast infections and to provide presumptive iden-
tification of some yeast isolates according to colony  

colour as described in the included pamphlet.  

- Germ tube test: This is a rapid method for  

identifying and differentiating C. albicans from  
other Candida spp. [8] .  

- Inoculation of yeast isolates on cornmeal agar  

(HiMedia, India); Dalmau plate technique to iden-
tify Candida species via chlamydospores production  
[9] .  

- API Candida (BioMérieux, France): Some  

isolates were confirmed by assimilation of sugars  

test using API strips according to manufactures  
instructions which allow the performance of 12  
identification tests.  

• Identification of mould isolates:  
- Identification of filamentous fungi is mainly  

dependent on morphologic features as detected  

macroscopically and microscopically (in LCB  
stained wet mounts). Filamentous fungi isolates  
were identified directly after sufficient growth was  

obtained on SDA [10,11] .  

2- Genotypic identification:  
Some fungal isolates were selected and individ-

ually grown on SDA and incubated at 28ºC for 3  
days. A small amount of fungal growth was  
scrapped and suspended in 100µl autoclaved dis-
tilled water in 2ml sterile vials and boiled at 100ºC  
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for 15 minutes and stored at 70ºC. Samples were  
sent to SolGent Company (Daejeon, South Korea)  
for rRNA gene sequencing. Fungal DNA was ex-
tracted and isolated using SolGent purification  
bead. Prior to sequencing, the ribosomal rRNA  
gene was amplified using the Polymerase Chain  
Reaction (PCR) technique in which two universal  
fungal primers ITS 1 (forward) and ITS4 (reverse)  

were incorporated in the reaction mixture. Primers  
used for gene amplification have the following  
composition: ITS 1 (5'-TCC GTA GGT GAA CCT  
GCG G-3'), and ITS4 (5'-TCC TCC GCT TAT  
TGA TAT GC-3'). PCR products were sequenced  
in the sense and antisense directions using ITS 1  
and ITS4 primers [12] . Sequences were further  
analyzed using BLAST from the National Center  

of Biotechnology Information (NCBI) website [13] .  
D-  Antifungal susceptibility testing: Antifungal  

susceptibility testing of isolated fungi was per-
formed using the disc diffusion method according  
to the procedure described in the CLSI M44-A and  
M51-A document [14,15] . Antifungal agents tested  
were: Polyenes; (Amphotericin B 100 units and  
Nystatin 100 units), azoles; (Fluconazole 25 µ g,  
Ketoconazole 10µg, Itraconazole 10µg, Voricona-
zole 1 µ g).  

Results  

1- Direct Microscopic Examination (DME) and  
culture of specimens:  
Out of the 135 samples, direct microscopic  

examination showed that 17 (12.6%) were diag-
nosed as positive for fungal infection while 80  
(59.3%) were positive for fungal growth when  
inoculated on Sabouraud Dextrose Agar (SDA).  
Out of these 80 positive samples, 13 (8.9%) showed  

mixed fungal infection while in the remaining 67  
(50.4%) infection was caused by a single fungus  
as shown in (Table 1).  
2- Identification of isolated fungi:  
A- Identification of yeast isolates:  Out of the 80  

positive cultures, 66 yeast isolates were isolated,  
of which 63 yeast isolates (95.5%) were identi-
fied on basis of phenotypic characters on Bril-
liance Candida agar, CHROMagarTM Candida  
Fig. (1) Cornmeal Agar (CMA) and by Germ  
tube test while 3 isolates (4.5%) could not iden-
tified phenotypically. These isolates identified  
using API Candida and rRNAgene sequencing.  
Phenotypic characteristics of isolated yeast  
isolates with results of germ tube test were  
summarized.  

Table (1): Direct Microscopic examination and culture of studied specimens.  

Bronchial lavage  
(n=56)  

Endotracheal tube  
aspirate (n=42)  

Sputum  
(n=37)  

Total  
(n=135)  

DME: No (%):  
Positive  8 (14.3)  4 (9.5)  5 (13.5)  17 (12.6)  
Negative  48 (85.7)  38 (90.5)  32 (86.5)  118 (87.4)  

Culture on SDA: No. (%):  
Positive  27 (48.2)  26 (61.9)  27 (73)  80 (59.3)  
Negative  29 (51.8)  16 (38.1)  10 (27)  55 (40.7)  

Type of infection: No. (%):  
Negative  29 (51.8)  16 (38.1)  10 (27)  55 (40.7)  
Single  24 (42.9)  22 (52.4)  21 (59.5)  67 (50.4)  
Mixed  3 (5.4)  4 (9.5)  6 (13.5)  13 (8.9)  

N: Number. DME: Direct Microscopic Examination. SDA: Sabouraud Dextrose Agar.  

(A) (B) 
 

Fig. (1): Colony colour of Candia isolates on chromogenic media; (A) Brilliance Candida agar,  
(B) CHROMagar Candida.  



C. albicans  

C. glabrata  

C. tropicalis  

C. krusei  

C. kefyr  

Saccharomyces paradoxus  

Hanseniaspora  
guilliermondii  

15.1%  

15.1%  57.6%  

3%  
1.5% 1.5%  

6.1%  

4310 Fungal Infection & Immunocompromised Patients  

Table (2): Total number and percentage of yeast isolates after presumptive identification based on phenotypic characteristics.  

Presumptive  
identification  

Brilliance  
candida agar  CHROMagar  Germ tube  

test  CMA  

C. albicans, 38 (57.6%)  Green  Green  36 + ve  
1 –ve  

• Terminal chlamydospores with abundant  
pseudohyphae.  

C. glabrata, 11 (16.7%)  Beige  Dark pink  –ve  • Budding yeast cells only. No pseudohyphae.  
No chlamydospores.  

C. tropicals, 10 (15.1%):  
-  8 (12.1%)  Dark blue  Blue gray  –ve  • Abundant pseudohyphae with no  

chlamydospores production.  
-  2 (3%)  Dark blue  Dark blue with halo  + ve  • Abundant pseudohyphae with no  

chlamydospores production.  

C. krusei, 4 (6.1%)  

Unknown;  

Pink brown  Pink fuzzy  –ve  • Extensive branched pseudomycelium with  
chains of elongate cells giving tree-like  
appearance. No chlamydospore production.  

- 2 (3%) Mouve  Small pink  –ve  • Budding blastoconidia. No chlamydospores.  
-  1 (1.5%)  Mouve  Mouve  –ve  No pseudohyphae  

Using conventional methods, one isolate was  
identified to be C. glabrata while it was identified  
as C. kefyr by both API and rRNA sequencing  
methods. The three unidentified isolates were  
identified by rRNA sequencing to be two Saccha-
romyces paradoxus strains and one Hanseniaspora  
guilliermondii strain.  

In conclusion, phenotypic and genotypic char-
acterization of yeast isolates showed that the per-
centages of yeast strains were: C. albicans 57.5%,  
C. glabrata 15.1%, C. tropicalis 15.1%, C. krusei  
6.1%, C. kefyr 1.5%, Saccharomyces paradoxus  
3% and Hanseniaspora guilliermondii 1.5% Fig.  
(2).  

Fig. (2): Groups of yeast strains (after sequencing of rRNA  
gene).  

B- Identification of isolated filamentous fungi: Out  
of the 80 positive cultures, 28 mould isolates  
were isolated, which identified phenotypically  
as A. flavus 10 isolates (35.6%), A. niger 9  

isolates ( 32.1%), A. parasiticus 2 isolates (7.1%)  
and A. terreus, A. tubingensis, A. fumigatus,  
Absidia corymbifera, penicillium chrysogenum,  
Rhizopus stolonifer, Syncephalastrum racemo-
sum one isolate each (3.6%).  

Genotypic identification via sequencing of  
rRNA gene was carried out for 6 different isolates  
of filamentous fungi for confirmation and revealed  
that identification obtained by phenotypic methods  
was concordant with sequencing analysis to genus  
level. Discordant results occurred in two isolates  
which were identified as Rhizopus oryzae and  
syncephalastrum monosporum while they were  
identified phenotypically as Rhizopus stolonifer  
and Syncephalastrum racemosum respectively.  

In conclusion, the percentages of mould strains  
after sequencing of rRNA gene were: A. flavus  
35.6%, A. niger 32.1%, A. parasiticus 7.1%, A.  
terreus 3.6%, A. tubingensis 3.6%, A. fumigatus  
3.6%, Absidia corymbifera 3.6%, Penicillium chry-
sogenum 3.6%, Rhizopus oryzae 3.6% and Syn-
cephalastrum monosporum 3.6% as shown in Fig.  
(3).  

3- Antifungal Susceptibility Testing (AST):  
A- Antifungal susceptibility testing of isolated  

yeasts: The different yeast isolates (66 isolates)  
were tested for their sensitivity to 6 types of  
antifungal therapeutic agents as shown in Fig.  
(4). Data in (Table 3) and Fig. (5) showed that  
the most active drugs were, Nystatin, Ampho-
tericine B and Voriconazole affecting  90.9%- 
80.3%-39.4%  of strains.  
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Table (3): Antifungal susceptibility pattern of yeast strains in the current study.  

C. albicans  
(n=3 8)  

C. glabrata  
(n=10)  

C. tropical  
(n=10)  

C. Krusei  
(n=4)  

C. kefyr  
(n=1)  

Hanseniaspora  
guilliermondii  

(n=1)  

Saccharomyces  
paradoxus  

(n=2)  

Total  
(n=66)  

FFluconazole:  
Sensitive  15 (39.5)  4 (40)  5 (50)  0  0  0  1 (50)  25 (37.9)  
Intermediate  2 (5.3)  0  1 (10)  0  0  0  0  3 (4.5)  
Resistant  21 (55.2)  6 (60)  4 (40)  4 (100)  1 (100)  1 (100)  1 (50)  38 (57.6)  

Nystatin:  
Sensitive  35 (92.1)  9 (90)  8 (80)  4 (100)  1 (100)  1 (100)  2 (100)  60 (90.9)  
Intermediate  2 (5.3)  1 (10)  2 (20)  0  0  0  0  5 (7.6)  
Resistant  1 (2.6)  0  0  0  0  0  0  1 (1.5)  

Voriconazole:  
Sensitive  7 (18.4)  7 (70)  6 (60)  4 (100)  1 (100)  1 (100)  0  26 (39.4)  
Intermediate  4 (10.5)  0  0  0  0  0  1 (50)  5 (7.6)  
Resistant  27 (71.1)  3 (30)  4 (40)  0  0  0  1 (50)  35 (53)  

Amphotericin B:  

Sensitive  31 (81.6)  8 (80)  8 (80)  2 (50)  1 (100)  1 (100)  2 (100)  53 (80.3)  
Intermediate  3 (7.9)  2 (20)  1 (10)  1 (25)  0  0  0  7 (10.6)  
Resistant  4 (10.5)  0  1 (10)  1 (25)  0  0  0  6 (9.1)  

Ketoconazole:  
Sensitive  9 (23.7)  2 (20)  5 (50)  4 (100)  1 (100)  0  0  21 (31.8)  
Intermediate  7 (18.4)  2 (20)  1 (10)  0  0  0  1 (50)  11 (16.7)  
Resistant  22 (57.9)  6 (60)  4 (40)  0  0  1 (100)  1 (50)  34 (51.5)  

Itraconazole:  
Sensitive  0  1 (10)  0  0  1 (100)  0  0  2 (3)  
Intermediate  11 (28..9)  4 (40)  4 (40)  1 (25)  0  0  1 (50)  21 (31.8)  
Resistant  27 (71.1)  5 (50)  6 (60)  3 (75)  0  1 (100)  1 (50)  43 (65.2)  

Fig. (3): Percentage of isolated mould strains (after sequencing  

of rRNA gene).  

Fig. (4): Antifungal susceptibility testing of isolated fungi;  

(A) C. albicans, (B) C. tropicalis  

Fig. (5): Percentage of antifungal susceptibility pattern of  

yeast strains.  

B- Antifungal susceptibility testing of isolated  

filamentous fungi: Mould strains (28) were  
tested for their susceptibility Fig. (6). The highest  

percentage of sensitivity among mould strains  
was to Voriconazole 71.4%, Amphotericin B  
57.1 % then Nystatin 50% while the highest  

resistance was to Fluconazole 92.8% followed  
by Itraconazole 75% as shown in (Table 4) and  

Fig. (7).  
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Table (4): Antifungal susceptibility pattern of mould strains in the current study.  

Fluconazole  Nystatin  Voriconazole  Amphotericin B  Ketoconazole  Itraconazole  

A. flavus (n=10):  
Sensitive  0  3 (30)  6 (60)  5 (50)  4 (40)  2 (20)  
Intermediate  0  2 (20)  1 (10)  2 (20)  1 (10)  2 (20)  
Resistant  10 (100)  5 (50)  3 (30)  3 (30)  5 (50)  6 (60)  

A. niger (n=9):  
Sensitive  0  4 (44.4)  8 (88.9)  7 (77.8)  0  0  
Intermediate  1 (11.1)  1 (11.2)  1 (11.1)  1 (11.1)  3 (33.3)  1 (11.1)  
Resistant  8 (88.9)  4 (44.4)  0  1 (11.1)  6 (66.7)  8 (88.9)  

A. parasiticus (n=2):  
Sensitive  1 (50)  1 (50)  2 (100)  1 (50)  2 (100)  0  
Intermediate  0  0  0  0  0  0  
Resistant  1 (50)  1 (50)  0  1 (50)  0  2 (100)  

A. terreus (n=1):  
Sensitive  0  1 (100)  1 (100)  0  1 (100)  1 (100)  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  0  0  1 (100)  0  0  

A. tubingensis (n=1):  
Sensitive  0  1 (100)  1 (100)  1 (100)  0  0  
Intermediate  0  0  0  0  1 (100)  0  
Resistant  1 (100)  0  0  0  0  1 (100)  

A. fumigatus (n=1):  
Sensitive  0  1 (100)  1 (100)  1 (100)  0  1 (100)  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  0  0  0  1 (100)  0  

Absidia corymbifera (n=1):  
Sensitive  0  1 (100)  1 (100)  0  0  0  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  0  0  1 (100)  1 (100)  1 (100)  

Rhizopus oryzae (n=1):  
Sensitive  0  1 (100)  0  0  0  0  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  0  1 (100)  1 (100)  1 (100)  1 (100)  

Penicillium chrysogenum (n=1):  
Sensitive  0  0  0  0  0  0  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  1 (100)  1 (100)  1 (100)  1 (100)  1 (100)  

Syncephalastrum monosporum (n=1):  
Sensitive  0  1 (100)  0  1 (100)  0  0  
Intermediate  0  0  0  0  0  0  
Resistant  1 (100)  0  1 (100)  0  1 (100)  1 (100)  

Total (n=28):  
Sensitive  1 (3.6)  14 (50)  20 (71.4)  16 (57.1)  7 (25)  4 (14.3)  
Intermediate  1 (3.6)  3 (10.7)  2 (7.2)  3 (10.7)  5 (17.8)  3 (10.7)  
Resistant  26 (92.8)  11 (39.3)  6 (21.4)  9 (32.2)  16 (57.2)  21 (75)  
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Fig. (6): Antifungal susceptibility testing of isolated fungi;  
(A) A. terreus (B)  A. niger.  

Fig. (7): Percentage antifungal susceptibility pattern of mould  
strains.  

Discussion  

Fungal infections of the lung are among the  
most feared infections occurring in immunocom-
promised patients [16] . Microscopic examination  
represents a rapid aid in the diagnosis of many  
fungal infections via detection of fungal elements  
(budding yeasts, pseudohyphae and/or hyphae) in  
tissue specimens or samples of body fluids. Al-
though the diagnostic yield may range from 10%  

to more than 90% depending on the fungal species,  
diagnostic microscopic examination should be used  
whenever possible because of the relatively inex-
pensive cost and rapid availability of data [17] .  

In our study, only 17/135 (12.6%) samples were  

diagnosed as positive by Direct Microscopic Ex-
amination (DME). These results were consistent  
with those of Njunda et al., [18]  whom revealed  
that 27/200 (11.5%) sputum samples were positive  
for fungal infection on DME while in a study by  
Zarrinfar et al., [19]  on 400 bronchoalveolar lavage  
samples, 16 (4%) were positive by direct micro-
scopic examination.  

Culture from a clinical sample is the gold stand-
ard for diagnosis of fungal infection. Culture has  
the advantage of yielding the specific etiological  

agent if positive. Moreover, culture allows for  
susceptibility testing [20] . In the current study, out  
of the 135 samples analyzed, 80 (59.3%) were  

positive for fungal growth when inoculated on  

SDA. These results were consistent with Gupta et  

al., [21]  who found that 109/200 (54.5%) sputum  
samples of patients with Bronchopulmonary disor-
ders were found positive of fungi. Nasir et al., [22]  
found that 102/150 (68%) sputum samples were  

positive for fungal infection among HIV infected  
patients which is higher than our results. While  

Taura et al., [23]  reported that 80/200 (40%) sputum  
samples were positive for fungal infection.  

It is notable that although the distribution of  

Candida species varied across geographic regions,  

C. albicans remains the predominantly isolated  
species [24] . However, a shift towards non-albicans  
Candida species has been observed [25] , mainly  
due to severe immunosuppression, use of broad-
spectrum antibiotics and empirical use of antifungal  

drugs. In our study, Candida albicans was the most  

frequently isolated species (57.5%), followed by  

C. glabrata (15.1%), C. tropicalis (15.1%), C.  
krusei (6.1%), and C. kefyr (1.5%). Our findings  
are in agreement with Magalhães et al., [26]  who  
found that C. albicans was the most prevalent  

species in respiratory tract followed by C. tropicalis  

and C. glabrata and with those of Shawky et al.,  

[27]  in Alexandria University in Egypt who reported  
that in respiratory samples C. albicans was the  

most frequent species isolated 43.3% followed by  
C. glabrata (28%) and C. tropicalis (18.7%).  

Mould identification relies on the macroscopic  
and microscopic observation of colonies grown on  
mycological media [28] .  

In the current study, identification of filamen-
tous fungi (28 isolates) was mainly phenotypically.  
Genotypic identification via sequencing of rRNA  

gene was carried out for some isolates. A. flavus  
was the most common isolated species (10, 35.6%),  

followed by A. niger (9, 32.1%), A. parasiticus (2,  

7.1%) and A. terreus, A. tubingensis, A. fumigatus,  

Absidia corymbifera, penicillium chrysogenum,  

Rhizopus oryzae, Syncephalastrum monosporum  

(3.6% each). These results were consistent with  

those of Taura et al., [23]  that found among 111/200  
(55.5%) positive sputum samples Aspergillus spp.  

was the most common isolated species (36.94%).  

Antifungal susceptibility testing methods are  
available to detect antifungal resistance and to  
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determine the best treatment for a specific fungus.  

Clinical microbiology relies on these methods to  
select the agent of choice for a fungal infection,  

and to know the local and the global epidemiology  
of antifungal resistance [6] .  

Recently, resistance to common antifungals has  
been reported in different Candida species [29] . In  
addition, fungal strains isolated from immunocom-
promised patients have higher resistance to anti-
fungals because of using antifungals as prophylaxis  

[30] .  

In our study, in-vitro susceptibility for yeast  
strains was performed using disc diffusion method  
and found that the most effective antifungals were  

Nystatin (90.9% sensitivity), Amphotericin B  

(80.3%) and Voriconazole (39.4%). These results  
agree with those of Khan et al., [31]  who reported  
that the most effective drugs for their isolates were  

nystatin and amphotericin-B and with Taghizadeh  

et al., [32]  who found that 95.6% of Candida species  
isolated from Bronchoalveolar Lavage samples  

was sensitive to nystatin. Also, Bustamante et al.,  

[33]  reported that 98.0% of the isolates were sus-
ceptible to amphotericin B.  

Resistance to Azoles and polyenes continues  

to increase and is a matter of concern as this is the  
most commonly used empirical therapy for sus-
pected fungal infections [34] . In our study, the  
resistance of yeast isolates against antifungal drugs  
was most commonly seen against Itraconazole  

(65.2%) followed by fluconazole (57.6%), Vorico-
nazole (53%) then ketoconazole (51.5%).  

Determination of in vitro antifungal suscepti-
bility pattern of mould strains showed that the  

highest sensitivity to Voriconazole (71.4%) fol-
lowed by Amphotericin B (57.1%) and Nystatin  

50%, while the highest resistance was to Flucona-
zole (92.8%) followed by Itraconazole (75%).  
These results in our study match with Pfaller et  

al., [35]  who found that the most active drugs against  
239 clinical isolates of filamentous fungi were  

voriconazole (91%) followed by amphotericin B  

(89%) and with Sheneef et al., [36]  who reported  
that filamentous fungi showed the highest sensi-
tivity to Voriconazole (93.48%) while all isolates  

were resistant to Fluconazole and with Messer et  
al., [37]  who found that the newer triazoles (e.g.,  

voriconazole and ravuconazole) displayed the  

greatest spectrum of activity against Aspergillus  

spp.  

Conclusion:  
Our study concluded that the most common  

fungal pathogens causing pulmonary fungal infec- 

tions at Assiut University Hospital were Candida  

and Aspergillus species. Culturing on chromogenic  
media such as CHROMagar Candida and Brilliance  
candida agar and application of API Candida strips  
proved to be of great value for preliminary identi-
fication of yeast isolates and represent a useful  

tool to detect mixed fungal infections. Molecular  

identification methods may be more expensive,  
but are more accurate. Antifungal susceptibility  

testing was of great value to exclude ineffective  
antifungal agents and allow better selection of the  

most active drugs.  
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