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Abstract 

Background: Diabetes mellitus is the most predominant endocrine disorders. Nearly, 1.4 million patients have been diagnosed with diabetes in Iraq. This 

disease can cause a weakened immune system leading to increasing risk of infections with many microbial diseases. 

Aim and Objective: The aim of this study was to determine the yeast structure in the oral cavity of patients with and without diabetes mellitus and the potential 

association between serum glucose level (HbA1c) and oral Candida carriage in diabetics via phenotypic and molecular identification, and phylogenetic analysis 
of isolated yeasts.  

Materials and Methods: Fungal survey on 64 individuals (age 20-72 yrs.) was divided into two groups 34 diabetic patients and 30 non-diabetic individuals 

to determine diverse fungal species using molecular and morphological identification isolated from the mucosal oral cavity in both diabetes and non-diabetes 
in Babylon province, Iraq. 

Results: The results showed that there were nine common species including Candida albicans, Candida dubliniensis, Candida Africana, Kluyveromyces 

marxianus, Kluyveromyces sp., Yarrowia sp., Wickerhamomyces anomalus, Nakaseomyces glabratus and Naganishia sp. mostly belonging to Ascomycota in 
both the diabetic and non-diabetic groups. Molecular and morphological tools such as the Maximum likelihood phylogenetic analysis and chromogenic media 

confirmed the identification of these fungi. The isolated fungi were more diverse and frequent in the diabetes patients compared with non-diabetes. C. albicans 

was the most common species followed by the species Kluyveromyces marxianus. 
Conclusion: These findings provided significant insight into acknowledgment about the distribution and diversity of commensal yeast in the oral cavity in 

Babylon province, Iraq, and the risks of expending infections due to alterations in compositions of the microbial communities regarding to health issues. 
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1. Introduction  

Diabetes mellitus (DM) is the most predominant endocrine 

disorders due to dysfunction of beta cells in pancreatic islet 1 

leading to higher levels of glucose plasma for a long period.1,2 

Globally, this fastest-growing disease is considered a vast 

threat to human health and affects millions of individuals 

around the world.3 Diabetes have reached frightening ranks 

with 537 million adults all around the world living with a 

rising prevalence worldwide.4,5 Females are projected to have 

somewhat lower prevalence of diabetes than men. Men 

contribute 17.7 million more than female diabetes in 2021.5 

This health issue causes changes in the oral environment 

leading to alterations in microbial colonization of the oral 

cavity.  

The oral cavity is a major entry point for microbes into 

the body. That part is histologically lined via mucosal 

epithelial cells and constantly filled with saliva secreted via 

different salivary glands. The features of the oral mucosal 

cavity contribute to activate several mechanisms of many 

beneficial microbes.6 The normal mucosal surface of the oral 

cavity is resident with a varied and multifaceted structure of 

the microbiota including bacteria and fungi. That is due to 

their diverse physiological activity and their abilities to 

adhere to the mucous membranes in some organisms.7 The 

oral microbiota mainly contributes to the human health and 
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influences diseases. There has been limited data considering 

how the oral microbes’ network together and influence the 

host immune system. 

Many studies have been characterizing the oral 

microbiota focusing on the bacterial community. However, 

few encouraged studies have been detecting the oral 

mycobiota. Fungi, yeasts specifically, can commensally 

colonize the oral cavity without affecting the host’s  health 

but also can be opportunistic pathogens when there is a 

change in the balance of the resident microbiota and in the 

immune system.8-10 Candida species as oral residents, for 

example, are able to threaten various organs and cause 

disease in both immunocompromised and seriously ill 

patients.10 The oral mycobiota alters throughout life and is 

affected by several host lifestyles and related factors 

including oral hygiene, dietary, and immunological 

function.11 Generally, Candida species represent up to 60% 

of the oral flora of healthy individuals without any specific 

signs or symptoms.8,12 Several Candida species have been 

isolated from the oral cavity as a commensal, but their 

prevalence was different in non-diabetic patients due to 

increasing levels of glucose in saliva leading to the transition 

to pathogens causing yeast infections. However, C. albicans 

is reported to be the most prevalence in the diabetic 

individuals comprising 56% compared to in 30% non-

diabetic individuals.12 

In Iraq, it has nearly 1.4 million patients with diabetes.13 

This disease causes a weakened immune system leading to an 

increasing risk of infection with many microbial diseases as 

being recorded with the outbreak of severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) in 2019 and its 

consequences.14  

However, little data has been reported about yeast flora 

and the etiology of yeast infections in both healthy and 

infected individuals in Babylon, Iraq. Thus, the presented 

study aimed to assess the yeast structure in the oral cavity of 

patients with diabetes mellitus compared to individuals 

without diabetes. Furthermore, the potential association 

between serum glucose level (HbA1c) with the oral Candida 

carriage and in diabetics were also investigated in 

comparison with healthy individuals. Molecular 

identification of the isolated yeasts was also detected.  

2. Materials and Methods  

2.1. Study samples and determination of cumulative glucose 

levels HbA1C 

A laboratory-based descriptive research was performed 

during the period of May 2022 to May 2023. The study 

samples’ group included 64 individuals of different ages 

ranging from 27 to 70 years who arrived at some laboratories 

in Babylon, Al-Hillah City. This group was assembled into 

two sets. The first group consisted of 34 diabetic patients with 

type II diabetes mellitus (18 females and 16 males). Another 

was the control group included 30 healthy persons (18 

females and 12 males).  

The blood samples of participants in both groups were 

collected for the estimating of glycated hemoglobin (HbA1c) 

using the absorption spectroscopy technique reflecting the 

cumulative glucose exposure of erythrocytes over the last 90 

days. The absorption spectra of glycated hemoglobin (HbA1c 

(%). Samples were recorded in the spectral range 200-850 nm 

using an optic fiber-based Single Beam UV VIS 

Spectrophotometer (Ocean Optics CHEMUSB4-UV-VIS 

single beam spectrophotometer).15 The glycated 

haemoglobin values were obtained after being estimated 

using the absorption spectrum. 

All cases were interviewed, and data was recorded using 

specially designed questionnaires that included demographic 

data on name, age, being smoking, medical history of the  

present diseases, any candida disease symptoms and 

antibacterial or antifungal therapy for the previous month. 

The individuals of both groups were not smoking. 

2.2. Sample collection and laboratory processing of samples 

Sterile swabs were used to obtain samples from the oral 

cavity of each participant. These were immediately placed in 

a sterile tube and transported in ice bags to the laboratory. 

Then, the swabs were cultured on Sabouraud dextrose agar 

(SDA) medium (Merck, Germany). The cultured plates were 

incubated at 37 °C for two weeks with a regular examination 

until fungal colonies appeared or a negative result was 

confirmed. Later, the pure colonies were re-cultured on 

CHROMagar Candida (HiMedia, Mumbai, India) for the 

isolation and primary identification of Candida species. The 

medium was prepared according to the manufacturer’s 

instructions. The Candida isolates were streaked on 

CHROMagar Candida and identified after incubation for 48 

h at 37°C. Later, based on the manufacturer’s instructions, 

the colours of the developed colonies were recorded.16 These 

tests have been extensively utilized for quick identification of 

Candida species closely related to C. albicans based on their 

colony colour on this medium.17,18 Colonies with different 

morphological features or colours were transferred in SDA 

slants and storage for molecular identification.  

2.3. DNA extraction and PCR amplicon sequencing 

The whole genomic DNA of purified isolated species was 

extracted and purified using genomic FavorPrepTM 

Fungi/Yeast Genomic DNA Extraction Mini Kit (Favorgen 

Biotech Corp., South Korea) based on the manufacturer’s 

instructions. Then, samples of DNA were preserved in deep 

freeze at -20°C until used in PCR amplification. Nuclear ITS 

primers, ITS1 and ITS4 related to the conserved nucleotides 

from the ITS regions have amplified rDNA from presented 

species. The PCR prepared mixtures, programs, and 

visualization of PCR products were performed as being 

described in Al Anbagi et al.19 The PCR products of 

amplified DNA were selected for sequencing using the 
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Sanger sequencing technique (Macrogen Company, South 

Korea).  

2.4. Bioinformatic and statistical analysis 

The acquired forward and reverse sequences of ITS were 

integrated using Geneious software (V 9.1.8) (Biomatters 

Ltd., Newark, NJ). The consensus sequences were blasted 

against the global databases using BLASTn queries in NCBI 

to obtain preliminary identifications with a high similarity to 

type specimens’ sequences. Later, the ITS sequences of the 

identified twenty-two sequences of the fungal species were 

deposited in GenBank under the accession numbers 

PQ222640 to PQ222661. Maximum likelihood analyses were 

performed in Geneious version 9.1.8 using PhyML Version 

7.2.820 and quick bootstrapping for 1000 replicates with the 

GTR model of nucleotide replacement. A phylogenetic tree 

was visualized in Geneious version 9.1.8.  

3. Results 

The estimating of glycated hemoglobin (HbA1c) in the blood 

samples in both groups using the absorption spectroscopy 

technique ranged 6.5-16% for diabetes participants and 4.1 to 

6.4% for non-diabetes participants (Figure 1).  

 

Figure 1: The ranges of percentages of A 

hemoglobin A1C (HbA1C %) in blood of two studied groups  

The present results include data from a total of sixty-four 

swabs collected from the oral cavities of individuals without 

any symptoms of fungal infections. The results showed 

diverse species isolated from the mucosal oral cavity in both 

diabetes and non-diabetes samples. In total, 97.37% and 

89.66% of the samples from the diabetic and non-diabetic 

groups respectively had Ascomycota mostly Candida species 

while the rest of these percentages belonged to 

Basidiomycota represented by only one species, 

Wickerhamomyces anomalus (Figure 2). The oral 

examinations showed there were no clinical infections in both 

investigated groups representing that the colonization was 

subclinical confirming the previous results that 3-75% of the 

oral carriage rate normally involves Candida species without 

any sign of disease.  

 

Figure 2: The resident mycobiota based on phyla of the oral 

mucosal surfaces of both diabetes and non-diabetes. 

In the current results, although diverse species were 

isolated from the mucosal oral cavity in both diabetes and 

non-diabetes of Iraqi samples, the non-diabetic individuals, 

controls, were more species richness with nine species 

compared to diabetic patients who had seven species (Figure 

3). These nine species are Candida albicans, Candida 

dubliniensis and Candida Africana, Kluyveromyces 

marxianus, Kluyveromyces sp., Yarrowia sp., 

Wickerhamomyces anomalus,   Nakaseomyces glabratus and 

Naganishia sp. (Figure 3).  

 

Figure 3: The frequency of resident species of the mycobiota 

on the oral mucosal surfaces of both diabetes and non-

diabetes. 

The result of morphological features and chromogenic 

media, the CHROMagar Candida show that yeast species 

have been confirmed for the identification of Candida species 

(Figure 4).  

Furthermore, the result of Maximum Likelihood 

phylogenetic analysis reveals that all sequenced fungal 

isolates clustered with type materials of known specific 

fungal specimens (Figure 5). All Candida species separated 

in a monphylogenetic clade from all other fungal species and 

clustered with their type specimens. Furthermore, the fungal 

isolates C21, C22, C25, C28, C44, and C4a1 clustered as K. 

marxianus with the type specimen of K. marxianus while C53 

cluster as uncommon Kluyveromyces species. The fungal 

isolates C52, C33, C36 grouped with type specimen of 

Yarrowia sp. Wickerhamomyces anomalus and 

Nakaseomyces glabratus respectively. The molecular 
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identification became a powerful tool to confirm identifying 

common and cryptic fungal species.  

 

Figure 4: Morphological examinations of some Candida 

species. (A) Microscopic examination. (B) Colonies grown 

on CHROMagar Candida for 48 h at 30°C for Candida 

albicans, (C) K. marxianus, and (D) C. glabrata 

(Nakaseomyces glabratus). 

Additionally, the current results revealed the higher 

numbers of colony forming unites were recorded in diabetes 

for Candida albicans (474 colony) followed by 

Kluyveromyctes marxianus (311 colony) whereas C. 

dubliniensis (132 colony), C. Africana (71 colony) and 

Naganishia sp. (30 colony) were highest in non-diabetics, 

controls (Figure 6). In non-diabetics, the numbers of colonies 

distributed mostly evenly. The yeast community structure of 

non-diabetic individuals was more diverse with recording 9 

species while recording 7 species only in diabetic people 

(Figure 3).  

 

Figure 5: ITS phylogeny of some Iraqi yeast species using 

the Maximum Likelihood phylogenetic analysis. The nodes 

display Bootstrap support values. All other sequences use 

beside the sequences of this study are recovered from type 

materials. 

 

Figure 6: Total colony forming units of fungi within diabetes 

and non-diabetes.  

 

Table 1: Fungal diversity in the study samples. 

Name Mean Stand.Dev. Sum S E H D` 

Candida albicans 7.66 20.95 490.0 27 0.68 2.24 0.87 

Candida Africana 1.20 6.24 77.0 4 0.68 0.95 0.57 

Candida dubliniensis 2.30 11.31 147.0 4 0.78 1.09 0.61 

Nakaseomyces glabratus 0.23 1.88 15.0 1 0.00 0.00 0.00 

Kluyveromyces marxianus 5.42 18.33 347.0 16 0.66 1.84 0.80 

Kluyveromyces sp. 0.72 4.03 46.0 2 1.00 0.69 0.50 

Wickerhamomyces anomalus 1.39 6.11 89.0 7 0.66 1.28 0.69 

Yarrowia sp. 0.44 2.84 28.0 2 0.75 0.52 0.34 

Naganishia sp. 1.27 5.31 81.0 4 0.94 1.31 0.71 

Averages 2.29 8.55 146.7 7.4 0.69 1.10 0.56 

S = Richness; E = Evenness; H = Shannon`s diversity index; D = Simpson`s diversity index.  
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Figure 7: Diagrams of percentiles of colony forming unites based on gender and family taxonomic levels. 

Moreover, the current results evaluated the influence of 

gender on the yeast community structure (Figure 7). Based 

on gender, both male and female had the same species except 

the female consisted of additional species, Candida africana. 

In diabetic patients, C. albicans was the highest frequency at 

45% followed by Kluyveromyces marxianus 16% in DM 

males while K. marxianus 16% after that C. albicans 7% in 

DM females. In non-diabetic, females were more diverse 

with seven species. In that community, Wickerhamomyces 

anomalus was the highest frequency at 29% followed by 

Naganishia sp. However, males’ yeasts were less diverse 

involving only five species. The Naganishia sp. comprised 

15% from that community followed by Kluyveromyces 

marxianus at 13%.  

4. Discussion 

Fungal colonization of the human body has been studied 

extensively due to the significance of the fungi as 

opportunistic pathogens that result in an important health 

issue for patients especially those with a weakened immune 

system.21,22 Studying the association of medical fungi with 

human body without symptoms could provide warranting of 

risks of these organisms. Many diseases could cause a 

weakened immune system. Among these diseases, diabetes 

mellitus (DM) type II can cause an immunosuppressive effect 

on patients. In this work, the oral examinations showed there 

were no clinical infections with any medical fungi in both 

investigated groups representing that the colonization was 

subclinical. These results confirmed the previous outcomes 

that 3-75% of the oral carriage rates normally involve 

Candida species without any signs of a disease. However, 

fungi were detected in 97.37% and 89.66% of the current 

samples from the diabetic and non-diabetic groups 

respectively with the presence of some common fungal 

species. Other studies partially confirmed the results of this 

study that high percentages of several Candida spp. in 

diabetic patients such as 75%, 57%, and 5% of C. 

dubliniensis, C. albicans, and C. glabrata respectively, are 

higher than in non-diabetic individuals which were 20% and 

14% of C. albicans and C. dubliniensis respectively using 

PCR experiments.23-26 Likewise, Candida albicans and 

Kluyveromyctes marxianus were the most diverse among 

detected fungi in our overall samples (Table 1). Other studies 

that compared the fungal communities between diabetic and 

non-diabetic participants confirmed that Candida 

colonization in the oral mucosal cavity was higher in diabetic 

patients than non-diabetic individuals.27-29 Species of 

Candida have been recovered frequently from the diabetic 

patients who have increasing levels of glucose in saliva.30 

Many factors may affect the colonization of Candida in the 

mouth cavity of diabetes such as the duration of diabetes or 

the patient's age, modes of treatment, and smoking.31 

Furthermore, compared with diabetic non-pregnant women, 

diabetic pregnant women have a higher prevalence of 

Candida infections. That is because of the high levels of 

blood glucose in diabetes lead to suppress the immune system 

during pregnancy.32 Additionally, it is presumed that the high 

level of glucose could serve as a source of the carbohydrate 

energy of Candida sp. that helps to form biofilm and could 

be required to produce the polysaccharide matrix.23 This 

matrix, secreted by sessile cells, could assist to challenging 

the inappropriate environmental conditions.33 

In these communities, the highest percentages of fungal 

frequency were Candida albicans in diabetic sets (Figure 2). 

In contrast with another study, C. albicans is the most 

common colonizing species from the human oral cavity in 

both health and disease.6 However, the highest frequency of 

C. albicans was in diabetics indicating they have a high risk 
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of the oral candidacies and the invasive candidiasis.34 

Although C. albicans are considered commensal flora, 

diabetic patients are at a high risk of progressive and severe 

periodontitis compared with healthy individuals. The  

reduction in salivary flow rate and increased salivary glucose 

concentration in diabetics may contribute to increased risk of 

developing periodontitis.37 The Iraqi patients have the highest 

levels of glucose in serum. This increasing triggers distinctive 

consequences, starting from damaging different types of cells 

including human defences such as epithelial cells, monocyte 

and neutrophil adherence and phagocytosis to disturbing the 

fungal balance and invasion of the infected tissues.35 The 

physiological and hormonal disorders of diabetes mellitus led 

to changing the oral health histologically, immunologically, 

and microbiologically.6 For example, reduction in saliva 

secretion and immunoglobulin action increase the risk of 

fungal infections due to their protective functions and the 

first-line oral defense.36  

The current results concurred with previous results that 

C. albicans are the most common species able to transition 

from commensal to pathogens in the oral cavity of diabetics 

due to changing some factors including condensed salivary 

flow, higher salivary glucose levels, and weakened 

candidacidal activity of neutrophils.37 Later, the abnormal 

conditions effectively increase the exoenzymic activity of 

Candida species such as hemolytic, esterase, and 

phospholipase leading to digestion and destruction of the oral 

mucosal surfaces. These process initiate cell lysis and enable 

fungal penetration.30 A previous study also confirmed that the 

Candida spp. were higher in diabetic patients and the 

Candida albicans (36.2%) was the most frequent species 

associated with the oral cavity. However, C. albicans was 

also the most common species (27%) in the non-diabetic 

patients.38 

Although Candida africana from a patient with vaginitis 

can be determined physiologically and morphologically from 

C. albicans but there is a confusion to separate them 

genetically using the analysis of 26S rRNA gene with 100% 

homology. Therefore, it was believed that C. africana 

represents atypical isolates of Candida albicans.39  The 

phylogenetic relationship of C. africana with other closely 

related Candida species is still controversial.40 However, the 

genetic tool used to identify fungi is still the best method to 

approve the identification.41 

The influence of gender on the yeast community 

structure was observed. Although the number of species 

generally associated with females and males was slightly 

different, in diabetic patients, the C. albicans was the highest 

percentage in the males followed by K. marxianus, while in 

male patients, C. albicans was lower than K. marxianus. 

However, other species were the highest percentage in non-

diabetic patients (Figure 7). In the different result, C. 

albicans was the most common species (87.5%), while in 

diabetic females, dermatophytes were more prevalent 

(58.3%) in diabetic males.42 Furthermore, diabetic females 

had the higher percentage of fungal infection (85.7%) than 

fungal infection in diabetic males (60.7%).43 

5. Conclusion 

It is concluded that the commensal yeasts colonized oral 

samples with mostly candidal colonization in diabetes and 

non-diabetes individuals in Babylon samples. Although 

species richness is high in non-diabetes individuals, high 

candidal colonization by some Candida spp. was detected in 

diabetes patients such as C. albicans and K. marxianus. These 

commensal species could be able to transition from 

commensals to pathogens in the oral cavity of diabetics. 

Gender could have effects on the structure of the yeast 

community. 
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