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Abstract: Oral candidiasis is a common opportunistic infection of the oral cavity 
caused by an overgrowth of Candida species, the most common being Candida 
albicans. Identification of Candida species is vital in diabetic patients more prone 
to oral fungal infections. Among the reasons making diabetic patients more 
susceptible to oral candidiasis are high levels of salivary glucose, low secretion 
of saliva, impaired chemotaxis, and defect of phagocytosis due to 
polymorphonuclear leukocyte deficiency. This study aimed to determine possible 
differences in total Candida count and the nature of Candida species in the oral 
cavity of patients with diabetes and nondiabetic individuals. Fifty samples from 
females and males (18-60 years) were collected from diabetic and non-diabetic 
patients who visited Layla Qasim Health Center. 
44 (88%) out of the 50 collected samples showed positive culture. The total 
carriage rate was the same in both groups (88%). However, more than one 
Candida species were detected, Candida albicans and Candida krusie were the 
common ones. Candida albicans had the highest CFU/ml, followed by C. krusei, 
C. glabrata, and C. tropicalis. Significant differences between the mean CFU/ml 
of Candida albicans in the diabetic patient group (1273.22 ± 1640.87) compared 
to the control group (210.25 ± 404.73). The total CFU/ml was significantly higher 
in the study group than in the control group(p<0.01). 
The carriage rate of Candida species was similar between the diabetic and control 
groups. yet, the diabetic group exhibited a significantly higher colony-forming 
unit per milliliter than the control group.  
Keywords: (Candida albicans; Diabetes; Oral candidiasis). 
 
 

 

1 Introduction 

In previous decades, the rate of opportunistic fungal infections has increased worldwide. One of 
the common infections in this regard is oral candidiasis (OC) [1]. Candida species are a group of 
dimorphic fungi that are considered one of the most predominant causes of invasive infections. 
Currently, there are 200 species within the genus Candida but some of them have medical 
importance for example Candida albicans, Candida tropicalis, Candida pseudotropicalis, and 
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Candida glabrata. Oral candidiasis is a common opportunistic infection of the oral cavity caused 
by an overgrowth of Candida species, the most common being is Candida albicans. Identification 
of Candida species is vital in diabetic patients who are more prone to oral fungal infections [2, 3]. 
Recognizing particular Candida species facilitates targeted treatment approaches. Additionally, 
identifying specific species contributes to comprehending the link between Candida infections and 
diabetic complications, aiding in the formulation of effective preventive measures [4]. Candida 
albicans (C. albicans) is a normal microbiota of the skin and mucous membranes causing a wide 
range of superficial infections to fatal systemic infections, especially among immunocompromised 
subjects such as patients with HIV/AIDS, diabetes, hospitalized subjects receiving long-term 
antibiotics, patients under organ transplant, chemotherapy or radiotherapy [5-7]. Significantly, 
diabetes is one of the largest emerging threats to public health in the 21st century[8, 9]. The World 
Health Organization and the International Diabetes Federation predicted that the number of adults 
with diabetes will rise near 629 million by the year 2045 in worldwide [10]. It is the most common 
endocrine metabolic disorder [11, 12]. Approximately 85-90% of diabetic patients are diagnosed 
with type 2 diabetes (resulting from insulin resistance); in these patients, salivary dysfunctions 
such as xerostomia, decreased salivary function, lichen planus, tooth decay, and periodontal 
diseases are common [13, 14] 

Among the reasons making diabetic patients more susceptible to oral candidiasis are high levels 
of salivary glucose, low secretion of saliva, impaired chemotaxis, and defect of phagocytosis due 
to polymorphonuclear leukocyte deficiency[15, 16]. In their study, Mohammadi F et al. identified 
that Candida albicans is the most prevalent species at 36.2% in diabetic patients, significantly 
exceeding the prevalence in healthy individuals [2].  

In another study, it was investigated that the effects of oral hypoglycemic drug therapy on candidal 
colonization in Type II diabetic patients the mean CFU decreased from 286.50 at day zero to lower 
levels after treatment, with a reduction of 20 CFU at day 30 [17]. 

The purpose of this study is to determine possible differences in total Candida count as well as the 
nature of Candida species in the oral cavity of patients with diabetes and nondiabetic individuals. 

2 Methodology  
2.1 Study design 
This study is a case-control study held in Erbil City from the 1st of February 2024 to the 7th of 
March 2024. Fifty samples were collected from diabetic and non-diabetic patients who visited 
Layla Qasim Health Center. A questionnaire was filled in for each subject considering 
demographic and clinical criteria.  Subjects in the case and control groups were subjected to age 
and gender matching.  
2.2 Subject  
Case group: 25 samples were collected from diabetic patients.  
Control group: 25 samples were collected from non-diabetic individuals.  
Exclusion criteria: smokers, pregnant women, people with autoimmune disorders, individuals on 
immune suppressive drugs, and those who took antimicrobial drugs in the previous month were 
excluded from the study. 
2.3 Sample collection 
The concentrated oral rinse method was used for sample collection, by giving the individuals 8mL 
of normal saline collected in sterile capped bottles and transferred to the lab for processing. 
2.4 Laboratory processing  
following collection, all the samples were subjected to centrifugation at 6000g for 5 minutes. Later, 
the supernatant was discarded and the pellets were suspended in 1ml normal saline. Samples were 
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then cultured on both Sabouraud’s dextrose agar (SDA) and CHROMagar Candida by pipetting 
80 microliters from the previous suspension on the agar surface and rotating them to distribute the 
fluid. Then the plates were incubated overnight at 37°C. Following incubation growth was 
examined for the characteristic colony morphology of Candida sp. On SDA colonies appear as 
creamy white convex. On CHROMagar Candida colonies show different colors as 
described by the manufacturer in the table below: 

 

Table2.1 Characteristics of Candida sp. colonies on CHROMagar Candida  

Species Colony morphology  
Candida albicans Light green colonies  
Candida tropicalis Blue to purple colonies 
Candida krusei Purple, fuzzy colonies 
Candida glabrata Cream to white colonies 
Candida parapsilosis White to pale pink colonies 

 

3 Results 

Fifty samples were collected, twenty-five from diabetic patients and twenty-five from non-
diabetic patients who visited Layla Qasim Health Center. The results showed that 48% of 
both groups were male and 52% were female. Their age ranged between 18-60 years. (Table 
3.1). 

Table 3.1: Demographic criteria of the study groups. 

    Criteria Diabetic patients Control 

Number 25 25 

Age 
   Range 
   Mean±SD 

 
18-60 

48±10.69 

 
20-60 

48±10.70 

Gender 
    Male No.(%) 
    Female No.(%) 

 
12 (48%) 
13 (52%) 

 
12 (48%) 
13 (52%) 

 

Table 3.1 shows the rate of different Candida sp. carriage in the studied groups in which the 
rate of C. albicans, C. glabrata, C. krusei, and C. tropicalis carriage in diabetic patients and 
control groups were 56%, 20%, 40%, 20% and 44%, 12%, 28%, and 12%, respectively. All 
the species showed higher carriage rates in the diabetic group. 
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Table 3.2: Rate of different Candida sp. carriage in the studied groups according to 
their growth on CHROMagar Candida. 

Candida sp. Diabetic patients Control 
No. % No. % 

C. albicans 14 56 11 44 
C. glabrata 5 20 3 12 
C. krusei 10 40 7 28 
C. tropicalis 5 20 3 12 

 

 

Figure 3.1: Characteristic Candida sp. colonies on (A) Sabouraud’s dextrose agar and 

(B) CHROM agar Candida. 

Figure 3.1 shows the characteristic Candida sp. colonies on (A) Sabouraud’s dextrose agar 
appear as white to cream-colored, smooth, glabrous colonies and have different sizes that 
cannot be differentiated into specific species. In addition, growth of Candida sp. on CHROM 
agar Candida (B) shows different colony morphologies each of which is characteristic of a 
specific species. Figure 3.2 shows a Gram-stained smear prepared from growth of Candida 
sp. colonies on SDA shows gram-positive round or oval-shaped cells with smaller daughter 
cells budding off from the larger parent cells, cells are seen in clusters. 

 

 

 

 

 

 

 Figure 3.2: Gram-stained smear prepared from growth of Candida sp. colonies on SDA. 

A B 
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Table 3.3 shows multi-pattern of the presence of more than one Candida sp. in one subject. 
C. albicans + C. krusei constituted the common pattern in both groups with doubled number 
in diabetic group. C. krusei + C. tropicalis pattern was double in diabetic group. The only 
triple form of occurrence of Candida sp. was C. albicans + C. krusei + C. glabrata which 
was twice in diabetic group compared to control group. No difference was found in the 
carriage number of each of C. albicans + C. glabrata, C. albicans + C. tropicalis and C. 
glabrata + C. tropicalis patterns in both studied groups. 

 

Table 3.3: Frequency of subjects carrying more than one Candida sp. 

Candida sp. Diabetic 
patients No. 

Control 
No. 

Total 

C. albicans + C. krusei 4 2 6 

C. albicans + C. glabrata 1 1 2 

C. albicans + C. tropicalis 1 1 2 

C. albicans + C. krusei + C. glabrata 2 1 3 

C. krusei + C. tropicalis 2 1 3 
C. glabrata + C. tropicalis 1 1 2 

Total 11 7 18 

 

The results of the Germ tube test are shown in Figure 3.3, in which both Candida albicans 
and Candida tropicalis were Germ tube test positive this means that this method should be 
replaced by biochemical tests or growth on CHROMagar Candida. 

 

 

Figure 3.3: Both Candida albicans and Candida tropicalis were Germ tube test positive 
as shown by arrows. 
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Table 3.4 shows the CFU/ml of Candida sp. in the studied groups. Candida albicans had the 
highest CFU/ml, followed by C. krusei, C. glabrata, and C. tropicalis. There was a significant 
difference between the mean CFU/ml of Candida albicans and the other Candida species 
(p<0.01)". Significant differences between the mean CFU/ml of Candida albicans in the 
Diabetic group (1273.22 ± 1640.87) compared to the control group (210.25 ± 404.73) (t-test, 
P < 0.01). Similarly, significant differences were observed for Candida tropicalis (Diabetic 
patients: 63.80 ± 124.85, Control: 6.52 ± 15.21) (P < 0.01). Also, significant differences were 
observed for C.krusei (Diabetic patients:314.81±  572.50) compared to control (71.331± 
40.07) ( p<0.005). And significant differences for C. glabrata   (Diabetic patients:33.80± 
69.81) compared to the control (2.875± 3.00) ( p<0.0012). 

 

Table 3.4: CFU/ml of Candida sp. in the studied groups. 

Candida 
sp. 

Diabetic patients Control t-test 
P-value Range Mean±SD Range Mean±SD 

C. albicans 0 - 2438 1273.22±1640.87 0 - 1950 210.25±404.73 0.000** 

C. glabrata 0 - 250 33.80±69.81 0 - 250 2.87±53.00 0.0012* 

C. krusei 0 - 2250 314.81±572.50 0 - 575 71.33±140.07 0.005* 

C. 
tropicalis 

0 - 475 63.80±124.85 0 - 75 6.52±15.21 0.000** 

*Significant difference between the two means (P-value <0.0) 

**highly significant difference between the two means (P-value <0.01) 

 

Table 3.5 shows the comparison between the studied groups in total carriage rate and total 
CFU/ml. The total carriage rate was the same in both groups (88%). However, the total 
CFU/ml was significantly higher in the study group than in the control group (p<0.01)". 

Table 3.7: Comparison between the studied groups in total carriage rate and total CFU/ml. 
     
Criteria Diabetic patients Control 

Total carriage rate 
       No. (%) 
     

 
22/25 (88%) 

 
22/25 (88%) 

Total CFU/ml 
 
 Mean±SD 

27526.83 
 

1273.22±1640.86 
 

19553** 
 

814.48±801.60 

**highly significant difference between the two means (P-value <0.01) 
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4 Discussion 

This study aimed to estimate the carriage rate of Candida sp. among patients with diabetic patients 
(case) and healthy individuals (controls), Identify different Candida sp. in both the case and control 
groups, and Compare the Colony Forming Unit (CFU)/ml in both the study and control groups. 
The study groups were carefully selected and matched based on demographic and clinical criteria, 
ensuring an equal number of diabetes and non-diabetic individuals [Table 3.1]. Several factors 
related to the altered immune response, glucose levels, and oral environment in diabetes patients 
can be linked to their higher susceptibility to oral candidiasis. Diabetes mellitus affects the immune 
system, which may result in decreased phagocytosis, decreased cytokine production, and impaired 
neutrophil function, all essential for the immune system's defense against fungal infections [18]. 
Furthermore, because Candida species prefer high-sugar environments, elevated glucose levels in 
diabetes individuals provide a great environment for their growth and proliferation [19].Our results 
showed that the total carriage rate for Diabetic patients and the control group were similar, in 
which both group's carriage rates for Candida species were (88%). However, the total CFU/ml was 
significantly higher in the study group (DM) than in the control group, with significant differences 
between the mean CFU/ml of Candida albicans in the Diabetic patients group (1273.22 ± 1640.87) 
compared to the control group (210.25 ± 404.73) (t-test, P < 0.01). Similarly, significant 
differences were observed for Candida tropicalis (Diabetic patients: 63.80 ± 124.85, Control: 6.52 
± 15.21) (P < 0.01). Also, significant differences were observed for C.krusei (Diabetic 
patients:314.81±  572.50) compared to control (71.331± 40.07) ( p<0.005). And significant 
differences for C. glabrata   (Diabetic patients:33.80± 69.81) compared to the control (2.875± 3.00) 
( p<0.0012). To compare our results with other research, the carriage rate in our study in both 
groups was similar but in some other studies the carriage rate of diabetic patients was higher than 
in the non-diabetic group [20] this could be due to the method of sample collection or the number 
of subjects used for the study. In the present study for the CFU/ml, there is a significant difference 
seen between both groups. Although C. albicans has the highest prevalence in the oral cavity 
among Candida species, the incidence of oral candidiasis with other species such as C. glabrata 
and C. krusei that are less susceptible to azole compounds has grown during the last two decades 
[21]. As in this present study, we can respectively confirm that besides C. albicans, C. glabrata 
and C. krusei are also present in significant numbers. Also, we have confirmed that the Germ tube 
test is not enough for the identification of Candida albicans because Candida tropicalis is also 
germ tube positive [21, 22] in that case, using CHROMagar or other biochemical tests should be 
helpful. 
 

5 Conclusion 
The carriage rate of Candida species was found to be similar between the diabetic and control 
groups. However, the colony-forming units per milliliter (CFU/ml) in the diabetic group were 
significantly higher compared to the control group. The Candida species identified included 
C.albicans, C.tropicalis, C.krusie, and C. glabarata, with C.albicans and C. krusei showing the 
highest carriage rates in both groups. Additionally, more than one-third of the subjects were found 
to carry more than one candida species in their oral cavity. Among the identified species 
C.albicans, and C. tropicals were germ tube test positive. The study also highlighted that a 
concentrated oral rinse proved to be an ideal method for screening Candida species in the oral 
cavity. More than one-third of the subjects were found to carry more than one candida sp. in their 
oral cavity. 
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6 Recommendations 
1. Screening for candida sp. carriage rate and CFU/ml in the oral cavity in diabetic patients is 
necessary to prevent Candidiasis. 
2. Applying the concentrated oral rinse for collecting Candida sp. from the oral cavity. 
3. Never rely on germ tube tests alone to identify C. albicans. The use of CHROM agar Candida 
or API or VITEK 2 system is essential for definitive diagnosis. 
 

 

  



Eurasian J. Sci. Eng., x(x) (20xx), x-x                                                                                                                                     9 

 

 

References 

 

[1] Sharma M, Chakrabar� A. Candidiasis and other emerging yeasts. Current Fungal Infec�on 
Reports. 2023;17(1):15-24.htps://doi.org/10.1099/jmm.0.46155-0. 
[2] Mohammadi F, Javaheri MR, Nekoeian S, Dehghan P. Iden�fica�on of Candida species in the oral 
cavity of diabe�c pa�ents. Current medical mycology. 
2016;2(2):1.htps://doi.org/10.18869/acadpub.cmm.2.2.4. 
[3] Manikandan C, Amsath A. Isola�on and rapid iden�fica�on of Candida species from the oral cavity. 
Int J Pure App Biosci. 2013;1(1):23-7.htps://doi.org/10.4103/njms.NJMS_80_19. 
[4] Bhuyan L, Hassan S, Dash KC, Panda A, Behura SS, Ramachandra S. Candida species diversity in 
oral cavity of type 2 diabe�c pa�ents and their in vitro an�fungal suscep�bility. Contemporary clinical 
den�stry. 2018;9(Supp 1):S83-S8.htps://doi.org/10.4103/ccd.ccd_70_18. 
[5] Rodrigues CF, Rodrigues ME, Henriques M. Candida sp. infec�ons in pa�ents with diabetes 
mellitus. Journal of clinical medicine. 2019;8(1):76.htps://doi.org/10.3390/jcm8010076. 
[6] Maheshwari M, Kaur R, Chadha S. Candida species prevalence profile in HIV seroposi�ve pa�ents 
from a major ter�ary care hospital in New Delhi, India. Journal of pathogens. 
2016;2016(1):6204804.htps://doi.org/10.1155/2016/6204804. 
[7] Perlroth J, Choi B, Spellberg B. Nosocomial fungal infec�ons: epidemiology, diagnosis, and 
treatment. Medical mycology. 2007;45(4):321-46.htps://doi.org/10.1080/13693780701218689. 
[8] Al-Atas SA, Amro SO. Candidal coloniza�on, strain diversity, and an�fungal suscep�bility among 
adult diabe�c pa�ents. Annals of Saudi medicine. 2010;30(2):101-8.htps://doi.org/10.4103/0256-
4947.60514. 
[9] Karaa A, Goldstein A. The spectrum of clinical presenta�on, diagnosis, and management of 
mitochondrial forms of diabetes. Pediatric diabetes. 2015;16(1):1-
9.htps://doi.org/10.1111/pedi.12223. 
[10] King H, Aubert RE, Herman WH. Global burden of diabetes, 1995–2025: prevalence, numerical 
es�mates, and projec�ons. Diabetes care. 1998;21(9):1414-
31.htps://doi.org/10.2337/diacare.21.9.1414. 
[11] Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas: 
Global, regional and country-level diabetes prevalence es�mates for 2021 and projec�ons for 2045. 
Diabetes research and clinical prac�ce. 
2022;183:109119.htps://doi.org/10.1016/j.diabres.2021.109119. 
[12] Lu S-Y. Oral candidosis: pathophysiology and best prac�ce for diagnosis, classifica�on, and 
successful management. Journal of Fungi. 2021;7(7):555.htps://doi.org/10.3390/jof7070555. 
[13] Vijan S. In the clinic. Type 2 diabetes. Annals of internal medicine. 
2010;152(5).htps://doi.org/10.7326/0003-4819-152-5-201003020-01003. 
[14] Rohani B. Oral manifesta�ons in pa�ents with diabetes mellitus. World journal of diabetes. 
2019;10(9):485.htps://doi.org/10.4239/wjd.v10.i9.485. 
[15] Corchuelo J, Ulloa FC. Oral manifesta�ons in a pa�ent with a history of asymptoma�c COVID-19: 
Case report. Interna�onal journal of infec�ous diseases. 2020;100:154-
7.htps://doi.org/10.1016/j.ijid.2020.08.071. 
[16] Kadir T, Pisiriciler R, Akyüz S, Yarat A, Emekli N, Ipbüker A. Mycological and cytological 
examina�on of oral candidal carriage in diabe�c pa�ents and non-diabe�c control subjects: thorough 
analysis of local ae�ologic and systemic factors. Journal of oral rehabilita�on. 2002;29(5):452-
7.htps://doi.org/10.1046/j.1365-2842.2002.00837.x. 
[17] Ganapathy DM, Joseph S, Ariga P, Selvaraj A. Evalua�on of the influence of blood glucose level 
on oral candidal coloniza�on in complete denture wearers with Type-II Diabetes Mellitus: An in vivo 
Study. Dental research journal. 2013;10(1):87.htps://doi.org/10.4103/1735-3327.111806. 
[18] Zuza-Alves DL, Silva-Rocha WP, Chaves GM. An update on Candida tropicalis based on basic and 
clinical approaches. Fron�ers in microbiology. 
2017;8:1927.htps://doi.org/10.3389/fmicb.2017.01927. 

https://doi.org/10.1099/jmm.0.46155-0
https://doi.org/10.18869/acadpub.cmm.2.2.4
https://doi.org/10.4103/njms.NJMS_80_19
https://doi.org/10.4103/ccd.ccd_70_18
https://doi.org/10.3390/jcm8010076
https://doi.org/10.1155/2016/6204804
https://doi.org/10.1080/13693780701218689
https://doi.org/10.4103/0256-4947.60514
https://doi.org/10.4103/0256-4947.60514
https://doi.org/10.1111/pedi.12223
https://doi.org/10.2337/diacare.21.9.1414
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.3390/jof7070555
https://doi.org/10.7326/0003-4819-152-5-201003020-01003
https://doi.org/10.4239/wjd.v10.i9.485
https://doi.org/10.1016/j.ijid.2020.08.071
https://doi.org/10.1046/j.1365-2842.2002.00837.x
https://doi.org/10.4103/1735-3327.111806
https://doi.org/10.3389/fmicb.2017.01927


Eurasian J. Sci. Eng., x(x) (20xx), x-x                                                                                                                                     
10 

 

 

[19] Jamiu A, Albertyn J, Sebolai O, Pohl C. Update on Candida krusei, a poten�al mul�drug-resistant 
pathogen. Medical mycology. 2021;59(1):14-30.htps://doi.org/10.1093/mmy/myaa031. 
[20] Chouhan S, Kallianpur S, Prabhu KT, Tijare M, Kasety S, Gupta S. Candidal prevalence in diabe�cs 
and its species iden�fica�on. Interna�onal Journal of Applied and Basic Medical Research. 
2019;9(1):49-54.htps://doi.org/10.4103/ijabmr.IJABMR_259_18. 
[21] Taei M, Chadeganipour M, Mohammadi R. An alarming rise of non-albicans Candida species and 
uncommon yeasts in the clinical samples; a combina�on of various molecular techniques for 
iden�fica�on of e�ologic agents. BMC research notes. 2019;12:1-7.htps://doi.org/10.1186/s13104-
019-4811-1. 
[22] Ozcan K, Ilkit M, Ates A, Turac-Bicer A, Demirhindi H. Performance of Chromogenic Candida agar 
and CHROMagar Candida in recovery and presump�ve iden�fica�on of monofungal and polyfungal 
vaginal isolates. Medical mycology. 2010;48(1):29-34.htps://doi.org/10.3109/13693780802713224. 

 

https://doi.org/10.1093/mmy/myaa031
https://doi.org/10.4103/ijabmr.IJABMR_259_18
https://doi.org/10.1186/s13104-019-4811-1
https://doi.org/10.1186/s13104-019-4811-1
https://doi.org/10.3109/13693780802713224

