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ABSTRACT

Background: Opportunistic yeast Candida spiceis are causative of candidiasis. Biofilm generation has been a 
major contributor to resistance development. Because of the increasing prevalence of resistance, identifying 
the antifungal susceptibility is crucial for prescribing effective and customized treatment options and treating 
infections with antifungals.

Methods: A total of 83 Candida isolates were acquired from clinical samples and inoculated onto Sabouraud 
Dextrose Agar (SDA). The isolated spices were identified using the germ tube test. The disk diffusion method 
was used to study antifungal susceptibility disks such as azoles, polyenes, and echinocandins on SDA. Zones of 
inhibition were evaluated after 24 hours of incubation at 35 °C.

Results: Antifungal susceptibility varied by species, with flucytosine, Amphotericin B, and Econazole show-
ing the maximum resistance (100%, 54.2%, 50.6%), whereas Clotrimazole showed the highest susceptibility 
(92.7%), followed by Nystatin (90.36%). Candida glabrata, on the other hand, had higher resistance to Keto-
conazole (20%) and Econazole (60%). However, the antifungal drugs had a larger effect on Candida tropicalis. 
Clotrimazole had the highest susceptibility rate (82%), whereas Ketoconazole was more resistant in their analy-
sis; these findings were equivalent to those observed in Nepal. However, in Yemen, Miconazole and Clotrimazole 
were the most sensitive, while Econazole was the least sensitive, which is consistent with the results of this 
investigation.

Conclusion: It is crucial for treating Candida species to rely on diagnostic laboratory culture and susceptibility 
profile data when prescribing successful antifungal medication since these can have a substantial impact on 
clinical decision-making and effective candidiasis treatment.
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Introduction
Candida is a genus of yeast that is an opportunistic fungus, and it 

can live aerobically or facultatively anaerobic, and reproduce asexual-
ly by budding spores [1]. The candida species inhabit the human body, 
specifically the skin, mouth, and gastrointestinal tract [2]. But, in some 
circumstances, they can become opportunistic and lead to infections, 
especially among immunocompromised diseases individuals or those 

whom are undergone immunosuppressive treatments [3]. The recur-
rent vaginal candidiasis (VC) still stands as a challenge to women in 
different parts of the world [4]. The occurrence of hospital-acquired 
urinary tract infection (UTI) caused by Candida species is reported to 
range between 10% -15% [5]. Candida is a diverse group with over 
17 types known to infect humans. But most infections are due to five 
species which cause about 95% of infections: C. albicans, C. tropicalis, 
C. glabrata, C. parapsilosis, and C. krusei [6].
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Identifying the specific Candida species responsible for an infec-
tion is important for selecting the most effective antifungal treatment. 
A germ tube test is performed to identify Candida isolates from the 
culture medium [7]. The germ tube is a quick and straightforward 
way to differentiate C. albicans from other yeast species by observ-
ing germ tube growth within 2-4 hours [8]. However, its accuracy is 
not absolute, as around 5% of C. albicans isolates may not produce 
germ tubes, potentially leading to misinterpretation, especially with 
species like C. tropicalis. Antifungal drugs from several pharmacolog-
ical classes are used to treat candidiasis by targeting certain cellular 
processes to either inhibit or eliminate the pathogenic yeast [2]. Each 
antifungal drug has a unique method for inhibiting (fungistatic) or 
directly killing (fungicidal) fungal infections [2]. 

However, resistance might evolve as a result of environmental 
variables that promote the spread or colonization of resistant species 
[2]. Azoles and polyenes, such as Amphotericin B, Nystatin, Clotrim-
azole, Econazole, and Ketoconazole, affect the fungal cell membrane, 
whereas echinocandins, such as Caspofungin and Micafungin, break 
the fungal cell wall [6]. Furthermore, various studies have shown 
that Candida biofilms mature and evolve statically in the presence 
of a minimum matrix, demonstrating a specific level of resistance 
to medicines such as fluconazole and Amphotericin B [6]. Moreover, 
data suggests that non-Albicans species, such as C. krusei, which has 
inherent resistance, and C. glabrata, which is resistant to fluconazole, 
are less susceptible to routinely used antifungals. C. albicans has also 
demonstrated resistance to azole-based antifungal drugs such as Am-
photericin B [9]. As a result of this resistance, accurate identification 
of yeast species and antifungal susceptibility tests are required to de-
termine the right treatment [9]. In another study conducted in Sana’a 
City, Yemen, 141 of 150 Candida spp. were identified from patients. 
Thus, a total of 141 women were included in the study, and yeasts 
were recovered in 93 (65.95%) of them, with C. albicans being the 
most prevalent species among the isolates, followed by C. tropicalis 24 
(17.02%), C. glabrata 18 (12.76%), and C. krusei (4.25%) that were 
isolated from vaginal infected individuals [10].

Antifungal Susceptibility

A research study in Yemen used the disc diffusion method to de-
termine the susceptibility of Candida isolates from female samples. 
The results showed that Miconazole and Clotrimazole were the most 
sensitive antifungals for vaginal Candida isolates [10]. However, these 
isolates were less sensitive to Econazole and fluconazole [10]. In a 
study conducted in Nepal, it was demonstrated that the different an-
tifungal medicines had different effectiveness against different Can-
dida speciation. The research has found out that Clotrimazole had 
the highest susceptibility rate of 82% and Miconazole was testified 
to have moderate susceptibility against 44% of the Candida isolates. 
Whereas, Ketoconazole had low efficiency, 86% of the isolates in this 
study were resistant to this antifungal agent. This study showed that 

C. albicans had a greater frequency of resistance against Ketoconazole 
as compared to NAC spp, with an 89.3% frequency. There was 20 % 
sensitivity for C. krusei against a background of other Non-Albican 
Candida (NAC)species but C. tropicalis & C. glabrata showed no sen-
sitive results. C. krusei had a 20% sensitivity across NAC species, but 
C. tropicalis and C. glabrata had no sensitive results. C. glabrata ex-
hibited higher fluconazole resistance (42.9%), but C. krusei did not. C. 
albicans isolates were more sensitive to fluconazole than NAC spp., at 
71.5%. C. krusei demonstrated 20% resistance to Miconazole, where-
as C. glabrata showed none. Miconazole was more effective against C. 
albicans isolates (53.6%) than NAC spp. Finally, C. glabrata showed 
greater resistance to Clotrimazole (14.2%), while neither C. tropicalis 
nor C. krusei did [11].

Methodology
Isolation and Identification of Candida

The study ethical approval was obtained from the IRB committee 
in Gulf medical university with reference number: IRB-COHS-STD-38-
FEB-2024.

Sample Collection

Candida species were isolated from vaginal swabs, urine, hair, and 
sputum samples based on microscopic inspection of budding yeast.

Candida Isolation

The samples were inoculated onto Sabouraud dextrose agar and 
incubated overnight at 37°C. Candida growth was assessed based on 
colonial morphology and gram stain which verified the presence of 
oval-shaped, Gram-positive yeast cells. 

Isolate Identification

The spices were initially identified as C.Albican and Non-Albican 
based on Germ Tube Test (GTT) results as follows: 6-8 candida iso-
lates were inoculated into tubes containing 0.5 mL serum and incu-
bated at 35 °C for 2-3 hours before being examined for germination 
tubes under a microscope at 40x magnification.

Candida Isolates Preservation

All Candida isolates were grown in pure culture on Sabouraud 
dextrose agar, then preserved by inoculation into 16% glycerol Glyc-
erol-Sabouraud dextrose broth media and stored at -20 °C until uti-
lized for antifungal susceptibility tests. 

Antifungal Susceptibility Testing

The disk diffusion method was used to investigate antifungal 
susceptibility utilizing antifungal disks of Econazole, Ketoconazole, 
Miconazole, Amphotericin B, Clotrimazole, Nystatin, and Fluorocyto-
sine in Sabouraud dextrose agar. Suspensions of colonies prepared in 
sterile normal saline and adjusted to cell turbidity equivalent to 0.5 
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McFarland standards were inoculated onto the surface of Sabouraud 
dextrose agar. The antifungal disks were added, and the plates were 
incubated at 35 °C for 24 hours. The zones of inhibition were mea-

sured in mm and compared to the manufacturer’s susceptibility inter-
pretation criteria, (Table 1).

Table 1: Anti-fungal Disks Zone Diameter.
Anti-fungal Concentration Zone Diameter in mm

Sensitive Intermediate Resistant

Nystatin 100 U ≥15 10-14 ≤10

Clotrimazole 10 ug ≥20 12-19 ≤12

Econazole 10µg ≥30 23-29 ≤22

Ketoconazole 10µg ≥28 21-27 ≤20

Miconazole 10 µg ≥20 12-19 ≤11

Fluocytosine 1µg ≥20 12-19 ≤11

Amphotericin B 20µg ≥15 10-14 ≤9

Results
Based on the Germ tube test, 65 (78.3%) of the 83 isolates were 

Candida albicans, while only 18 (21.6%) were non-Candida albican 
(Table 2). The susceptibility profile of Candida species to Econazole 
was found to be susceptible (14.4%), susceptible dosage dependent 
(34.9%), and resistant (50.6%). Susceptibility to Ketoconazole was 
(45.7%, 45.7%, 8.4%), Nystatin (90.36%, 7.2%, 2.4%), Miconazole 
(43.37%, 44.5%, 12%), Clotrimazole (92.7%, 4.8%, 2.4%), and Am-
photericin B (3.6%, 42.16%, 54.21%), respectively. and all isolates 

were (100%) resistant to Flycosytosin (Tables 2 & 3). Clotrimazole 
has the highest antifungal susceptibility, followed by Nystatin, Keto-
conazole, and Miconazole. However, Flucytosine demonstrated the 
highest resistance levels, followed by Amphotericin B and Econazol 
(Tables 2 & 3). Candida glabrata was shown to be more resistant to 
Econazole in 60% of the study isolates compared to other Candida 
species, with a sensitivity of 30%. Only 13.6% of the samples exam-
ined for C. albicans exhibited sensitivity to Econazole, while no sensi-
tive results were reported for C. krusei or C. tropicalis (Tables 2 & 3).

Table 2: Anti-fungal susceptibility testing of various Candida spp.

Candida Spp. Flucytosine Econazole ketoconazole Nystatin Amphotericin B Miconazole Clotrimazole

C.

albicans

n-66

Susceptible 0
9

(13.6%)

32

(48.4%)
61 (92.4%)

2

(3%)
30 (45.4%)

62 

(93.9%)

Intermediate 
Susceptible 0

24

(36.3%)

29

(43.9%)

5

(7.5%)

29

(43.9%)

28

(42.4%)

4 

(6%)

Resistant
66

(100%)

33

(50%)

5

(7.5%)
0

35

(53%)

8

(12.1%)
0

C.

glabrata

n-10

Susceptible 0
3

(30%)

4

(40%)

8

(80%)
0

3

(30%)

8 

(80%)

Intermediate 
Susceptible 0

1

(10%)

4

(40%)
0

5

(50%)

5

(50%)
0

Resistant
10

(100%)

6

(60%)

2

(20%)

2

(20%)

5

(50%)

2

(20%)

2

 (20%)

C.

tropicalis

n-2

Susceptible 0 0
1

(50%)

2

(100%)
0

1

(50%)

2

 (100%)

Intermediate 
Susceptible t 0

1

(50%)

1

(50%)
0

1

(50%)

1

(50%)
0

Resistant
2

(100%)

1

(50%)

0
0

1

(50%)
0 0
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C.

krusei

n-5

Susceptible 0 0
1

(20%)

4

(80%)

1

(20%)

2

(40%)

5

 (100%)

Intermediate 
Susceptible 0

3

(60%)

4 

(80%)

1 

(20%)
0

3

(60%)
0

Resistant
5

 (100%)

2

(40%)
0 0

4

(80%)
0 0

Table 3: Sensitivity vs Resistance of Tested Isolates against the anti-fungal drugs.

Antifungal Drug Ketoconazole Econazole Nystatin Amphotericin B Flucytosine Miconazole Clotrimazole

Susceptible 38 45.78% 12 14.4% 75 90.36% 3 3.6% 0 0 36 43.3% 77 92.7%

Intermediate  
Susceptible 38 45.78% 29 34.9% 6 7.2% 35 42.16% 0 0 37 44.5% 4 4.8%

Resistant 7 8.4% 42 50.8% 2 2.4% 45 54.2% 83 100% 10 12% 2 2.4%

Comment Moderate  
sensitive High resistant High sensitive Highly resistant High resistant Moderate  

sensitive High sensitive

Candida glabrata has the highest resistance (20%) to Keto-
conazole, followed by Candida albicans (7.5%), with no resistance 
identified for C. tropicalis or C. krusei. Candida tropicalis, on the oth-
er hand, demonstrated higer susceptibility to Ketoconazole. Nystatin 
resistance was found in 20% of C. glabrata isolates, but C. tropicalis 
and C. albicans had 100% and 92.4% sensitivity, respectively (Tables 
2 & 3). Amphotericin B was less effective; C. glabrata and C.tropicalis 
isolates were all resistant to this antifungal, and C. krusei showed re-
sistance to this antifungal at (80%) (Tables 2 & 3). Miconazole was 
highly effective (100%) towards C. krusei, C. tropicalis and C. albicans 

were more responsive (50% and 45.4%, respectively) and C. glabrata 
showed 20% resistance to Miconazole (Tables 2 & 3). Clotrimazole 
was found to be the most effective antifungal against Candida trop-
icalis (100%) and C. krusei (100%), followed by C. albicans (93.9%) 
and C. glabrata (80%) (Tables 2 & 3). It was substantially noticed that 
all isolates were found to be susceptible to Clotrimazole as the best 
medicine of choice for Candida isolated spices, whereas Flucytosine 
appears to have the minimum effect against all isolates were found 
resistant among all studies isolated candida spices (Tables 2 & 3) 
(Figure 1).

Figure 1: Antifungal susceptibility test using disc diffusion method. Samples A & B Showed complete resistance to all Antifungals. Sample D & 
E were sensitive to Ketoconazole, Nystatin Micoconazole & Clotrimazole. Sample C & F were sensitive to Ketoconazole, Nystatin Micoconazole, 
Amphotiricin & Clotrimazole.
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Discussion
The study aimed to determine the prevalence and distribution of 

several Candida species. Candida albicans was the predominant iso-
lated species (79.5%), with non-Candida albicans (NCA) accounting 
for 20.48%. After that, germ tube testing revealed that 65 (78.3%) 
samples were positive and 18 (21.6%) were negative. Germination 
identification test revealed four species of Candida, with C. albicans 
accounting for 79.5%. C. glabrata was the most prevalent NCA spe-
cies isolated, accounting for 12%, followed by C. krusei (6%), and C. 
tropicalis (2.4%). The findings differed from those of other studies, 
including one conducted in Yemen, which found differing species 
distributions. Candida albicans accounted for 65.95% of the cases, 
followed by C. tropicalis (17%), C. glabrata (12.76%), and C. krusei 
(4.25%). In our investigation, C. glabrata was the most prevalent NAC 
(7.2%), followed by C.krusei and C.tropicalis (6% and 2.4%, respec-
tively). The study found that all Candida isolates were resistant to 
flucytosine. Furthermore, this study revealed that C. glabrata is ex-
tremely resistant to Econazole, with 60% resistance and 30% suscep-
tibility when compared to C. albicans. There was 20% of C. glabrata 
had Ketoconazole resistance, although resistance was lower in Can-
dida albicans. In comparison, C. tropicalis showed a higher average 
sensitivity to Ketoconazole. Candida tropicalis and C.albicans showed 
high levels of susceptibility, whereas 20% of C. Glabrata tested resis-
tant. Similarly, in a study conducted in Nepal, the Sensitivity rate was 
highest when Clotrimazole was used (82%) and Miconazole exhibited 
moderate efficacy at 44% of Candida isolates. Whereas, Ketoconazole 
showed low efficiency, with 86% of isolates demonstrating resistance 
to this antifungal agent.

Conclusion
Antifungal susceptibility profiles varied between species, with 

Clotrimazole demonstrating the most efficacy and Flucytosine ex-
hibiting the greatest resistance. C. glabrata had excellent resistance 
to Econazole, whereas C. tropicalis was more responsive to particu-
lar antifungal medications. These findings underline the important 
of formulating treatment strategies based on the identified Candida 
species and their susceptibility profiles, which may have a significant 
impact on clinical decision-making in candidiasis management.
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