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ABSTRACT

Oral candidiasis is a type of fungal infection that mostly affects the oral mucosa. Candida sp., the primary causative agent, is a 
highly adaptable commensal organism that is well adapted to its host. Contemporary knowledge of pathogens and their antibiotic 
susceptibility patterns is critical for keeping antibiotic policies up to date. This study was undertaken by collecting and analyzing 
samples from rural areas of Sirajganj, Bangladesh to determine the prevalence of Candida species that cause oral candidiasis and 
to determine their susceptibility pattern to antifungal drugs. SPSS analysis was done for quantitative data, i.e., the positive sample 
numbers and the different ages, sex, and medical conditions of carriers. A total of 304 clinical samples were collected aseptically 
from patients with oral candidiasis, with 64 showing  positive growth with Candida sp. Further analysis revealed that the oral 
prevalence of Candida sp. among diabetic people was higher than that of non-diabetics, where Candida albicans (80.8%) was the 
most prevalent species, followed by Candida glabrata (9.6%) and Candida krusei (9.6%). We also found that Candida sp. grow best 
in acidic conditions (pH level 7 or less). Finally, varying levels of susceptibility to antifungal drugs were also evaluated. Nystatin 
and Amphotericin B had the highest sensitivity for Candida glabrata, each at 100.0%, and Fluconazole had 100% sensitivity for 
Candida krusei. Itraconazole and Voriconazole were highly resistant to all examined isolates (50-62%) except for Itraconazole, 
which exhibited 80% susceptibility to Candida krusei. These findings are crucial to identifying causative pathogens and determining 
the sensitivity patterns of drugs, as well as improving clinicians’ knowledge of how to select the best medicine and, as a result, 
contributing to patient diagnosis and treatment.
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INTRODUCTION

Oral candidiasis, a form of candidiasis, is the most frequent 
mucocutaneous mycosis of the oral cavity. It is caused by the genus 
Candida species which can be existed in the oral cavity of 53% of the 
general population and is usually encountered as an opportunistic 
commensal organism [1,2]. The transformation of a commensal 
organism into a pathogen is influenced by a number of predisposing 
factors that alter the oral cavity’s microenvironment and favor the 
emergence of opportunistic infections. For diabetic patients, in 
addition to the oral microenviron¬ment-modifying factors (poorly 
fitting dentures, chronic antiseptic use, prolonged dummy use in 
children, poor oral hygiene, pH, smoking, and alcoholism), there are 
additional risk factors such as increased salivary glucose level [3]. 
Long-term administration of broad -spectrum antibiotics, extremes 
of age, drug treatment, pregnancy, occupation, education, etc. can 
also affect the severity of infection [4]. On the other hand, can lead 
to local discomfort, altered taste sensations, and dysphagia due 
to oesophageal overgrowth, resulting in poor nutrition, delayed 
recovery, and a long stay in the hospital [5]. This can cause serious 
infection in diabetic people, resulting in considerable morbidity and 
mortality. A mortality rate of 71%to 79% is associated with systemic 
candidiasis [6]. The species of Candida isolated in the oral cavity 
are C. albicans, C. tropicalis, C. parapsilosis, C. krusei, C. guillermondii, 
C. glabrata and C. dubliniensis [7].  Despite the foregoing data, the 
frequency of oral candidiasis is unknown, as these infections often 
go undetected by the clinician. The Candida species identification 
is critical because non-albicans Candida (NAC) species are also 
major pathogens and are resistant to antifungal treatments [8]. 
Nonetheless, the disease’s diagnosis is critical, as it could be the 
first sign of a systemic disorder, including diabetes [9]. Despite the 
fact that antifungal pharmaceutical treatments are determined by 
trial and error, in vitro susceptibility testing is required for directing 
or changing the treatment. Antifungal susceptibility testing will 
ideally become more useful in clinical antifungal therapy guidance 
as procedures and applications improve [10].

The present study was undertaken to determine the prevalence 
of Candida sp. causing oral candidiasis and figure out the current 
susceptibility pattern to antifungal drugs and to evaluate several 
predisposing factors. This will enable clinicians to facilitate the 
effective treatment and management of patients with symptoms of 
oral candidiasis.

MATERIALS AND METHODS
Ethical Consideration

It was also approved by the institutional ethical grant 
committee of Khwaja Yunus Ali University (KYAU), Enayetpur, 
Sirajganj, Bangladesh.

Study Population and Biological Samples

The consent of the patients and the control group was made in 
writing through the TIC (Term of informed consent). The signature 
was also taken from each patient before his/her entry into the 
study, with the understanding that the collected data will be used 
for non-commercial research purposes and that names will be kept 
confidential. The assessment of participants was conducted by a 
brief interview and completion of a questionnaire that contained 
socio-economic status (age, marital status, and occupation), 
dental status, smoking habits, and duration of diabetes mellitus. 
The final selection was based on clinical examination of whether 
they have signs or symptoms of oral candidiasis or not. A healthy 

control group (neither diabetic nor smoker) comprised of healthy 
volunteers matched for age, sex, dental status, and smoking habits 
was also maintained who did not show any alterations in the oral 
cavity. These selected patients were free of any type of disease.

Study Area, Patient Selection and Sample Size 

The cross-sectional study was carried out between December 
2020 and August 2021. Samples were collected from Enayetpur, 
Sirajganj, Bangladesh, including Gopalpur, Ghoprekhi, Khukni, 
Mondol Para, Betil & Uttor Para. Primarily 500 Diabetic patients, 
both smokers and non-smokers, were selected. Among them, 304 
patients were finally enrolled in the study based on the information 
from the questionnaire and clinical manifestations. All of them were 
not on antibiotic or corticosteroid therapy during the previous 4 
weeks while all cases were receiving treatment for their diabetes 
mellitus.

Sample Collection and Processing

Oral swabs: Oral swab was collected from patches of white 
exudates in place on the mucous membrane of the mouth using a 
sterile cotton wool swab taking care not to contaminate the swab 
with saliva and was returned to its sterile container.

Blood samples: Lancing device was used on the side of the 
fingertip to get a drop of blood. Then Blood glucose was measured 
by glucometer using a strip (BioHermes, Limpid, China; Range: 
7.2-above). Fasting blood glucose was also measured in all 
participants. 

Urine sample: Urine sample was collected from all participants 
using a sterile container for the corresponding sugar measurement. 
After that, the amount of glucose and protein label was determined 
using a standard urine test strip (which may comprise up to 2 
different chemical pads or reagents) by immersing it in the urine 
sample and observing the change of color.

Saliva sample: A Saliva sample from all participants for 
detection of pH was collected into a sterile container and pH was 
measured using a pH strip by observing the color when dipped into 
the sample container. The color was matched with the indicator 
chart in the pH test strips’ packaging.

Isolation and Identification of Bacteria 

Sabouraud dextrose agar (SDA) was used to identify the 
pathogens. Media were prepared according to the manufacturer’s 
guidelines and sterilized at 121°C for 15 minutes at 15 lb Psi. 
Aseptically collected oral samples were cultured by spreading the 
sample onto sterile SDA. Then the petri plates were incubated at 
37ºC for 24-48 hours. After incubation, the plates which did not 
show any evidence of growth after that particular period were 
considered negative and discarded. Subsequent streaking was 
performed with a sterile inoculation loop to obtain a pure colony 
[11].

Microscopic Examination, Morphology Studies, And 
Preservation of Candida Sp.

All Candida sp. isolates were identified through cultural, 
morphological, and microscopic tests following standard 
procedures. The morphology of Candida spp. including the surface 
appearance, margin forms, and elevation were observed on SDA. 
Further subculture on HiCrome™ Candida Differential Agar (CDA) 
was also conducted to identify the species-specific colonies. One 
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single colony from each SDA plate was streaked on a clean glass 
slide, stained with Gram-stain, and examined microscopically 
under an oil immersion lens. Then they were kept at 4°C for further 
experiments while 15% glycerol was used for long-term storage 
[12].

Antifungal Susceptibility Testing

Susceptibility to Fluconazole, Nystatin, Amphotericin B, 
Itraconazole, and Voriconazole was performed by direct disk 
diffusion methods. For standard disk diffusion testing, inoculums 
were prepared by picking 4-5 colonies from 24-hour cultures 
on SDA. Colonies were suspended in 5 mL of sterile saline and 
turbidity was adjusted to 0.5 McFarland.  The final concentrations 
of the inoculums were 1-5×106 CFU/mL. A sterile cotton swab was 
dipped into the suspension and excess fluid was removed. The 
inoculum was spread by evenly streaking the swab onto the surface 
of Mueller-Hinton agar. After applying antifungal disks, the plate 

was incubated at 37 °C for 24-48 hours and the inhibition diameters 
around the disks were measured and recorded [13].

Data Presentation, Interpretation and Analysis of 
Findings

Quantitative data was entered in SPSS files and calculated 
manually. Calculations the positive sample numbers, and 
distribution based on the different age, sex, and medical condition 
of carriers were accomplished.

RESULTS
A total of 304 diabetic patients were selected for this study. The 

diabetic status of the patients was confirmed by measuring glucose 
levels using strips. Laboratory work was carried out for 9 months 
in the Department of Microbiology at Khwaja Yunus Ali University 
in Sirajganj. The findings of the study were as follows and shown in 
the form of tables, figures, and texts.

Biological Characteristics of Candida Sp.

Table 1: Cultural characteristics of Candida sp.

Sl. Organisms Color of colony

1 Candida albicans Light green

2 Candida glabrata Cream to white

3 Candida krusei Purple, fuzzy

4 Candida tropicalis Blue to purple

5 Candida utiliis Pale pink to pinkish purple

6 Candida dubliensis Pale green

Colonial morphology: Candida species appeared as dry, 
creamy, spherical surfaces with a white to cream color when seen 
on SDA agar. Subculture on CDA agar to identify individual Candida 
species revealed the following distinct color of Candida sp. (Table 
1).

Cell morphology:  Following Gram staining, observation of 
slides under 100X magnification using a light microscope revealed 
that some Candida cells exhibit pseudo hyphae. Blastoconidia were 
present, and they were oval to round to elongated in shape with 
vermiculate branches.

Prevalence of Oral Candida Infection on Smoking Habits 
in the Total Population:

Out of 304 patients, 64 were Candida positive, with non-smoker 
male patients having the highest prevalence of oral Candida infection 
with 27 cases (42.2%) and non-smoker female patients having 27 
cases (42.2%). This data also shows that out of 64 Candida positive 
cases, 7 cases (10.9 %) were caused by previous smoking, followed 
by 3 instances caused by current smoking (4.7%) (Table.2).

Table 2: Prevalence of oral Candida infection on smoking habit in total population.

Smoking Habit
Candida Infection

Positive Cases %

Current Smoker 3 4.70%

Former Smoker 7 10.90%

Non-smoker (male) 27 42.20%

Non-smoker (female) 27 42.20%

Total 64 100%

Out of 304 individuals, 64 cases were Candida positive, 
accounting for 21.1% of the total cases. The remaining 240 patients 
(78.8%) were Candida negative. There were 198 diabetics and 

106 non-diabetics among the participants. Diabetic persons (52 
cases) had the highest frequency of oral Candida infection (17.1%) 
compared to non-diabetic individuals (3.9%) (Table. 3).
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Table 3: Prevalence of oral candida infection on diabetic status in total population (n=304).

SL NO. Status
Oral Candida Infection

Total
Positive Cases Negative Cases

1 Diabetic
Count 52 146 198

% 17.10% 48.00% 65.10%

2 Non-diabetic
Count 12 94 106

% 3.90% 30.90% 34.90%

3 Total
Count 64 240 304

% 21.10% 78.90% 100%

Prevalence of oral Candida infection by specific Candida sp. in 
diabetic patients: Among 198 diabetic patients, Candida was not 
identified in 146 patients and isolated from 52 diabetic patients. 
Among them, C.albicans was found in 42 cases with 80.8% followed 

by C.glabrata in 05 cases with 9.6% and C.krusei in 5 cases with 
9.6%. C.albicans was the most predominant species in diabetic 
patients (Figure 1,2).

Prevalence of Oral Candida Infection by Gender 
Distribution In Diabetic Patients

It is clearly indicated from the table that oral Candida infection 
was more common in diabetic women than in diabetic men. 

Females accounted for 110 (26.4%) of the 198 diabetic cases, while 
males accounted for 88 (26.1%) of the cases. Candida was not found 
in 73.6% of women and 73.9%of men (Table 4).

Figure 1: Colonial characteristics of Candida species on Candida differential chromogenic agar isolated from the 
oral cavity of a diabetic patient.

Figure 2: Prevalence of oral candida infection by specific Candida sp. in diabetic patients.
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Table 4: Prevalence of oral Candida infection on gender distribution in diabetic patient (n=198).

Gender No of samples
Candida Infection

Positive cases Frequency (%) Negative cases Frequency (%)

Female 110 29 26.40% 81 73.60%

Male 88 23 26.10% 65 73.90%

Prevalence Of Oral Candida Infection with Age 
Distribution in The Diabetic Patient

Based on 52 Candida infected cases, the most common age 
group affected by Candida sp. in diabetes patients was 46-55 years, 
with 18 cases (34.6%), followed by 36-45 years with 14 cases 

(26.9%), 56-65 years with 11 cases (21.2%) and 66-above years 
with 6 cases (11.5%). The age range of 25-35 years was the least 
impacted, with only three instances (5.8%). With 34.6%, the age 
group 46-55 years old had the highest frequency of oral Candida 
infection in diabetes patients (Figure 3).

Figure 3: Prevalence of oral candida infection on age distribution in diabetic patient.

Prevalence Of Oral Candida Infection on Education in 
Diabetic Patients 

Graph (Fig. 6) shows that, out of 52 Candida infected diabetic 
cases, the most prevalent impacted category was secondary, with 

19 instances (36.5%), followed by primary with 16 cases (30.8%), 
and illiteracy with 12 cases (23.1%). The graduate group with 3 
cases (5.8%) and the HSC/Equivalent group with 2 cases (3.8%) 
were the least affected. In diabetes individuals, educated people are 
less prone to oral Candida infection (Figure 4).

Figure 4: Prevalence of oral candida infection on education in diabetic patient.

Prevalence of Oral Candida Infection on Occupation In 
Diabetic Patients

The most prevalent impacted category, with 27 instances 
(51.9%), was the housewife, followed by the business group with 
12 cases (23.1%), the aged/retired group with 6 cases (11.6%), and 
the service group with 4 cases (7.7%). The least afflicted groups 
were agro-workers, who had one case (1.9%) and day laborers, 
who had two instances (3.9%) (Figure 5).

Prevalence of Candida Sp. On The pH Level of Saliva in 
Diabetic Patients

C. albicans was found at the highest frequency in the pH 6 group, 
with 19 cases (45.3%), followed by the pH 7 group with 13 cases 
(30.9%), and the pH 5 group with 10 cases (23.8%) while absent in 
the pH 8 group.In the case of C. glabrata, the highest frequency was 
seen in pH 5 group with 3 cases (60%) followed by pH 7 group with 
1 case (20%) and pH 8 group with 1 cases (20%). C. glabrata was 
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absent in pH 6 group. For C. krusei, the highest frequency of was 
observed in the pH 6 group with 4 cases (80%) followed by the pH 

5 group with 1 cases (20%). C. krusei was absent in pH 7 and pH8 
groups (Table 5).

Figure 5: Prevalence of oral Candida infection on occupation in diabetic patient.

Table 5: Prevalence of Candida sp. on pH level of saliva in diabetic patients (n=52).

pH
Candida albicans Candida glabrata Candida krusei

Total
Frequency Cases Frequency Cases Frequency Cases

pH 5 23.80% 10 60% 3 20% 1 14

pH 6 45.30% 19 0% 0 80% 4 23

pH7 30.90% 13 20% 1 0% 0 14

pH 8 0.00% 0 20% 1 0% 0 1

Antifungal Sensitivity Pattern of C. Albicans

Nystatin was most susceptible to C.albicans (91.2%), followed 
by Amphotericin B (88.2%), Fluconazole (41.2%), Itraconazole 
(32.4%), and Voriconazole (32.4%). Data also indicates that   

Itraconazole and Voriconazole were the most resistant to C.albicans 
with each 61.8%.The most effective antifungal medicines against 
C.albicans were Nystatin and Amphotericin B, as seen in this 
diagram. Voriconazole and Itraconazole were similarly found to be 
less efficient antifungal medicines against C.albicans (Figure 6).

Figure 6: Bar diagram showing the incidence of antifungal susceptibility pattern of C.albicans.

Antifungal Sensitivity Pattern of C.glabrata

Figure 7 shows that Nystatin and Amphotericin B were most 
sensitive to C.glabrata with each 100.0% followed by Itraconazole 

with 66.7%, Fluconazole with 33.3% and Voriconazole with 
33.3%respectively. Data also indicates that, Fluconazole and 
Voriconazole were most resistant to C. glabrata with each 50.0%. 
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Fluconazole and Voriconazole were intermediate to C.glabrata with 
each 16.7%. This diagram shows that Nystatin and Amphotericin 
B were the most effective antifungal drugs against C. glabrata. It 

also indicates that Voriconazole and Fluconazole were less effective 
antifungal drugs against C.glabrata.

Figure 7: Bar diagram showing the incidence of antifungal susceptibility pattern of C. glabrata.

Antifungal Sensitivity Pattern of C.krusei

Data obtained from antifungal sensitivity tests show that 
Fluconazole was most sensitive to C. krusei with 100% followed 
by Itraconazole, Nystatin and Amphotericin B with each 80% 
respectively. This table also indicates that, Voriconazole was the 

most resistant to C. krusei with each 60 %. All these five antifungal 
drugs did not show intermediate sensitivity to C. krusei. This 
diagram shows that, Fluconazole was most effective antifungal drug 
against C. krusei. Nystatin and Amphotericin B were also effective 
antifungal drugs against C. krusei. It also indicates that Voriconazole 
was least effective antifungal drug against C. glabrata (Figure 8).

Figure 8: Bar diagram showing the incidence of antifungal susceptibility pattern of C. krusei.

DISCUSSION
Infections by Candida sp. have become more common in recent 

years and the most prevalent opportunistic infection among diabetic 
patients is oral candidiasis, which poses a significant treatment 
challenge. As a result, it is recommended to figure out the species 
involved in the infection, and to determine their susceptibility 
to antifungal drugs. This study revealed that non-smoker male 
patients and non-smoker female patients had the highest and same 
prevalence of oral Candida infection (42.2%). Previous smokers and 
current smokers were also infected at a rate of 10.9% and 4.7%, 
respectively. Statistically, there was no association between oral 
Candida infection and cigarette smoking. Abu-Elteen et al. (2006) 
reported that the frequency of Candida isolation was significantly 
higher in smokers than in non-smokers in both diabetics and 
controls, which did not match with this study [14].

In this study, the oral prevalence of Candida species among 
diabetic people (17.1%) was higher than those of non- diabetics 
(3.9%) which are consistent with numerous previous studies, 

which have shown that diabetes mellitus is a major predisposing 
factor to symptomatic candidiasis, oral or otherwise. Sampath et al., 
(2019) found similar output that the population density of yeasts 
in diabetics was significantly higher than that of controls implying 
that the oral mucosa in diabetics offers a less hostile ecosystem for 
oral Candida colonization [15]. Local variables such as xerostomia 
and denture use may be to blame, as well as systemic issues such as 
glycemic management and treatment regimens. The persistence of 
aciduric yeasts in the oral cavity has been linked to a sugar-rich oral 
environment in uncontrolled diabetes due to high salivary glucose 
levels [16]. Dietary carbohydrates are also known to enhance 
yeast adhesion, biofilm development, and colonization in the oral 
environment, which could be another contributing factor [17].

C. albicans (80.8%) was the most prevalent species in diabetic 
patients followed by C.glabrata (9.6%) and C. krusei (9.6%). 
These values are similar to those reported in the literature, which 
describes this species as the most prevalent Candida species in the 
oral cavity of diabetic patients, with values between 67 and 98% 
[18,19]. Females have a higher risk of Candida colonization (26.4%) 
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than males, according to the current study (26.1%). Oral mucosal 
inflammation in females related to periodontitis has been suggested 
by several researchers as a possible cause of yeast infestation in 
females which is consistent with the findings of this investigation 
[20]. The increasing age is reported as an important risk factor 
for developing oral fungal infection in diabetic patients, which is 
agreed with this study [21]. In this study, the most common age 
group affected by Candida sp. in diabetic patients was 46-55 years 
(34.6%) followed by 36-45 years (26.9%), 56-65 years (21.2%) and 
66-above years (11.5%).

In this study, we found that Candida species grow best in acidic 
condition (pH level 7 or less). Out of 52 Candida sp. isolated from 
diabetic patients, the highest frequency was seen in the pH 6 group 
with 23 cases followed by pH 5 and pH 7 groups with each 14 
cases. This study confirms prior findings that an acidic pH in the 
mouth favors candidal growth over normal bacterial microbiota 
growth [22]. Three Candida species tested in this study, found to 
have varying levels of susceptibility to the antifungal drugs used. 
Nystatin and Amphotericin B had the highest sensitivity for C. 
glabrata, each at 100%, and Fluconazole had 100.0% sensitivity for 
C.krusei. Nystatin, also effective against C.albicans with a sensitivity 
of 91.2 %, was followed by Amphotericin B. (88.2 %). Itraconazole 
and Voriconazole were highly resistant to all examined isolates (50-
62%), except for Itraconazole, which exhibited 80 % susceptibility 
to Candida krusei. Overall, the results of the in vitro susceptibility 
testing were similar to those obtained in previous work [23].

CONCLUSION
Doctors need access to antifungal susceptibility patterns due 

to the increased rates of Candida infection and drug-resistant 
phenotypes to enhance treatment outcomes. Species identification 
of Candida is critical for rapid, inexpensive, and successful therapy 
since it aids in the optimal selection of the therapeutic drug. This 
is extremely valuable data on mouth Candida infections in diabetic 
patients chosen from rural areas, as well as research into antifungal 
activity for the treatment of oral candidiasis in diabetic patients. 
The results from this research will help the doctor to determine 
which drugs are likely to be most effective in treating diabetic oral 
Candia infections.
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