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Abstract 

Background: Candida’s potential association with dental caries has previously been reported in children. This 
research aimed at investigating the associations between Candida species in whole saliva and dental and periodontal 
health indices in a sample of adult patients.

Methods: A cross‑sectional study involving 160 patients investigated the associations between Candida species 
collected by oral rinse technique, and Decayed, Missing, and Filled Surfaces (DMFS), and periodontal health indices. 
Chi‑square and Independent Samples t‑test were used to assess the associations between Candida carriage and con‑
founding variables. Binary logistic regression was used to assess association strengths between Candida carriage and 
DMFS, adjusted for socio‑demographic variables, diabetes mellitus and plaque index.

Results: Candida colonies were identified in 49 (30.6%) patients with CFUs ranging from  103 to  105 colonies per 
mL. The quantity of Candida CFUs increased with age (r = 0.200; p < 0.05). Among all dental and periodontal health 
indices, only DMFS was significantly associated with higher values of Candida carriage (p = 0.034), and this association 
was independent from sex, age, smoking, diabetes mellitus and plaque index (OR: 1.014; 95% CI 1.0–1.03; p = 0.048).

Conclusion: The association between Candida species in whole saliva and DMFS reported here supports an etiologi‑
cal role of Candida in dental cariogenesis among adults.
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Background
Oral candidiasis is the most common opportunistic fun-
gal infection in the oral cavity [1]. At least 15 species of 
Candida have been identified as pathogenic to humans, 
with the most commonly isolated species from the oral 
cavity being Candida albicans [2]. The prevalence of oral 
Candida carriage is highest in infants and elderly [3], and 
ranges from 2.0 to 71.3% in adults and from 40.6 to 54.2% 
in infants [4].

The wide prevalence range of Candida carriage in 
adults has been attributed to a plethora of -often over-
lapping- local and systemic factors. Those include the 
presence of topographical variations in the mouth as 
inhabitant sites for the fungus (i.e. denture base), reduc-
tion in salivary flowrate [5], poor glycemic control in dia-
betic patients [6] and suppression of the immune system 
caused by HIV infection, chemotherapy and/or radio-
therapy [7].

Candida’s role in causing and perpetuating dental car-
ies has been the subject of recent debate with studies sug-
gesting an association [8, 9] and others refuting it [10, 
11]. In their meta-analysis, Xiao et al. found that children 
with C. albicans have more than five times higher odds 
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of developing early childhood caries by comparison with 
those who don’t have the fungus [12].

The ability to ferment sugar and induce an acidic 
microenvironment that favours demineralization of 
dental hard tissue is a common feature of both Candida 
and the cariogenic bacteria Streptococcus mutans [11, 
13]. Using rodent models, Falsetta et al. found that den-
tal caries was amplified when S. mutans coexisted with 
C. albicans, by comparison to having one species alone 
[14]. It is now known that this coexistence between those 
two microorganisms is possible through the S. mutans-
derived exoenzyme glucosyltransferase B (GtfB), which 
mediates a bond between the bacterium and the fungus 
allowing a stable inter-microbial microecosystem [15].

Attempts to control dental caries necessitates a good 
understanding of the aetiological factors that favour the 
growth of both cariogenic bacteria and Candida. Despite 
the wide diversity of those aetiological factors, two are 
considered to be among the most influential: poor oral 
hygiene and diabetes mellitus [16].

Most of the studies which investigated the association 
between Candida species and dental caries were reported 
in children, and without adjusting for plaque index and 
diabetes mellitus. This proposes the null hypothesis that 
Candida species has no association with dental and peri-
odontal diseases in adults. Accordingly, the aims of this 
research were to report on the prevalence of Candida 
carriage among asymptomatic adults, and to investigate 
the associations between Candida species in whole saliva 
and dental and periodontal health indices, adjusted for 
plaque index and diabetes mellitus.

Materials and methods
This study has been reviewed and approved by the Uni-
versity of Sharjah Research Ethics Committee (approval 
number: ERC/23/11/15/45) and has been performed in 
accordance with the ethical standards of the Declaration 
of Helsinki of 1964 and its later amendments. All patients 
who participated in this study gave their informed con-
sent prior to their participation.

Patients attending the University Dental Hospital Shar-
jah for medical and dental consultations were invited to 
participate in a study that investigated oral health-related 
quality of life among diabetic patients [17]. The same 
sample consented to take part in a second arm which 
investigated the associations between Candida species 
and dental and periodontal health indices. In this paper, 
we are reporting the results of the latter arm. Patients 
who were below 18 years of age, have less than 10 natu-
ral teeth present, have been taking antibiotics and/or ste-
roidal and /non-steroidal anti-inflammatory medications 
during the 3 months prior to recruitment were excluded.

Participants were asked to complete a questionnaire 
consisting of basic demographics and self-reported medi-
cal history. Those included sex, age, nationality, marital 
status, smoking, level of education, years with diabetes 
and the nature of diabetes treatment. A clinical exami-
nation of the oral cavity was performed by two dentists 
who were trained and calibrated for this research’s data 
collection. The clinical examination included record-
ing the DMFS (i.e. number of dental surfaces that are 
decayed, missing due to caries, or filled) in accordance 
with the World Health Organization (WHO) standards. 
Dental plaque was assessed on the facial and lingual sur-
faces of all teeth using plaque disclosing agents and was 
recorded based on the Turesky’s modified Quigley–Hein 
plaque index. Periodontal health was assessed using Wil-
liams periodontal probe (Hu‐Friedy, Chicago, IL, USA) 
and recorded using the following parameters: Loss of 
attachment, furcation involvement, pocket depth, gingi-
val recession, tooth mobility and bleeding on probing. All 
dental and periodontal indices were calculated as means 
and standard deviation according to the WHO standards.

Candida was isolated from whole saliva and quantified 
using the oral rinse technique [18] in which research par-
ticipants were asked to gargle with 10  mL sterile phos-
phate buffered saline for 60  s and then to spit out the 
rinse into a disposable plastic container. The contents, 
without concentration, were sampled using 10 µL dispos-
able inoculation loop and streaked over Sabouraud agar 
culture medium (Medysinal Co. Dubai, UAE) using the 
13-streak method. The culture media were incubated in 
37  °C for 48  h, after which the Candida colonies were 
morphologically identified and quantified by counting 
visible colonies and reported as Colony Forming Units 
(CFUs). Doubtful morphologies were further exam-
ined under the microscope using wet mount method for 
verification.

Statistical Package for the Social Science (SPSS) Ver-
sion 26.0 (IBM Corp. Released 2019. IBM SPSS Statistics 
for Macintosh, Version 26.0. Armonk, NY) was used for 
statistical analyses. Chi-square test was used to assess 
associations between Candida as a nominal variable 
(positive or negative) and various demographic and med-
ical history variables, while Independent Samples t-test 
was used to assess the associations between the presence 
of Candida and the mean scores of dental and periodon-
tal health indices. Binary logistic regression analysis was 
used to assess the strength of association between Can-
dida carriage and DMFS, adjusted for basic demograph-
ics, plaque index and diabetes status. Pearson’s bivariate 
correlation was used to assess correlations between Can-
dida CFU values and the values of dental and periodontal 
indices. p-value was considered significant if ≤ 0.05.
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Results
A total of 160 patients took part in this study. The mean 
age of participants was 43.76 years (SD = 15.7), ranging 
from 18 to 80  years with equal sex distribution. Most 
participants were married (68%), expatriates (80%), 
and university graduates (61%). Almost half the sample 
(51%) were diabetic, the majority of whom were non-
insulin-dependent (79%) (Table 1).

Candida was isolated from 49 (30.6%) participants 
with CFUs ranging from  103 to  105 colonies per mL. The 
mean value of CFU was 3356  CFU/mL (SD = 12,102). 
No statistically significant difference was seen between 
patients with positive and negative Candida carriage in 
terms of sex, age categories, nationality, marital status, 
smoking, educational level, presence of diabetes melli-
tus and its treatment (Table 1).

Table  2 shows the associations between Candida 
positivity and various dental and periodontal health 
indices in which the values of DMFS, furcation involve-
ment, pocket depth, gingival recession, and tooth 
mobility were higher among the positive Candida 
group. However, the only statistically significant asso-
ciation was between the positive Candida group and 
DMFS (p = 0.034). The same association was independ-
ent from sex, age, plaque index, and history of smoking 
and diabetes (OR: 1.014; 95% CI 1.0–1.03; p = 0.048) 
(Table 3).

Patients’ age showed a significant positive correlation 
with Candida CFU counts and the majority of dental 
and periodontal disease indices. Candida CFU counts-
on the other hand-positively corrected with DMFS 
and gingival recession (r = 0.202, p < 0.05 for both) 
(Table 4).

Table 1 Sample demographics and associations with oral 
Candida species carriage state

*Based on Chi‑square test

Variable Total N (%) Candida p value*

Negative
N (%)
111 (69.4)

Positive
N (%)
49 (30.6)

Sex

Females 80 (50) 58 (72.5) 22 (27.5) 0.391

Males 80 (50) 53 (66.3) 27 (33.8)

Age

18–30 41 (25.6) 30 (73.2) 11 (26.8) 0.403

31–50 61 (38.1) 45 (73.8) 16 (26.2)

51–70 50 (31.3) 32 (64) 18 (36)

71–80 8 (5) 4 (50) 4 (50)

Nationality

Expats 128 (80) 88 (68.8) 40 (31.3) 0.732

UAE nationals 32 (20) 23 (71.9) 9 (28.1)

Marital status

Single/divorced/widowed 51 (31.9) 39 (76.5) 12 (23.5) 0.183

Married 109 (68.1) 72 (66.1) 37 (33.9)

Smoking

No 123 (76.9) 85 (69.1) 38 (30.9) 0.893

Yes 37 (23.1) 26 (70.3) 11 (29.7)

Educational level

School level 63 (39.4) 42 (66.7) 21 (33.3) 0.549

University level 97 (60.6) 69 (71.1) 28 (28.9)

History of diabetes mellitus

No 78 (48.8) 57 (73.1) 21 (26.9) 0.322

Yes 82 (51.2) 54 (65.9) 28 (34.1)

Treatment of diabetes

Non‑insulin dependent 64 (79) 41 (64.1) 23 (35.9) 0.335

Insulin dependent 17 (21) 13 (76.5) 4 (23.5)

Table 2 Differences between means of Candida species carriage 
and dental and periodontal health indices

*Based on Independent Samples t test

Variable Mean (SD) Candida p value*

Negative
Mean (SD)

Positive
Mean (SD)

DMFS 34.19 (27.82) 31.09 (25.15) 41.36 (32.37) 0.034

Plaque index 1.90 (1.49) 1.91 (1.70) 1.87 (0.88) 0.880

Clinical attach‑
ment loss

2.15 (1.47) 2.16 (1.43) 2.11 (1.58) 0.826

Furcation involve‑
ment

0.03 (0.10) 0.02 (0.04) 0.06 (0.18) 0.066

Pocket depth 2.00 (0.61) 1.99 (0.61) 2.05 (0.60) 0.609

Recession 0.60 (0.81) 0.56 (0.72) 0.70 (1.01) 0.385

Mobility 0.10 (0.21) 0.09 (0.19) 0.12 (0.26) 0.538

Bleeding on 
probing

0.55 (0.27) 0.55 (0.28) 0.54 (0.26) 0.883

Table 3 Binary logistic regression analysis for the association 
between Candida species carriage and dental caries indices 
adjusted for patients’ characteristics and diabetes status

† Reference categories: Females, non‑smokers, non‑diabetic

Variable Odds ratio 95% CI p value

Lower Upper

Sex† 1.400 0.641 3.059 0.399

Age 0.996 0.969 1.024 0.797

Smoker† 0.802 0.326 1.971 0.630

Diabetes  Mellitus† 1.392 0.643 3.011 0.401

Plaque index 0.897 0.658 1.222 0.490

DMFS 1.014 1.000 1.029 0.048
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Discussion
Oral candidiasis is the most common fungal infection in 
humans. In its pathological form, Candida causes pain, 
altered taste sensation and dysphagia. Candida is a com-
mensal microorganism that has been isolated from the 
oral cavity of healthy asymptomatic individuals at various 
rates ranging from 2 to 71% [4]. This wide range of preva-
lence has been attributed to alterations in local and sys-
temic host immune defences, glycaemic control, presence 
of dentures and changes in salivary quality and quantity 
[19]. The prevalence variation has also been attributed to 
the different methods used by different authors to isolate 
and quantify Candida [4].

In our study, Candida species was isolated from 30.6% 
of our sample with no relationship to any of the partici-
pant’s demographics except age, whereby a significant 
positive correlation between the quantity of Candida 
species and the participant’s age was observed (p < 0.05). 
This finding is in agreement with many previous studies 
which showed higher Candida species counts in older 
-otherwise healthy-persons [4, 20].

Our sample consisted of dentate asymptomatic patients 
of equal sex distribution and relatively wide age range 
(i.e. 18–80  years). Eighty percent (80%) of our sam-
ple were expatriates living in the United Arab Emirates 
(UAE), which is representative of the country’s popula-
tion profile whereby only 13% of the population are UAE 
nationals. The prevalence of Candida species reported 
here is lower than that reported in nearby Saudi Arabia 
by Alrayyes et  al. [16] and Darwazeh et  al. [21] where 
they found the prevalence to be 43.4% and 52%, respec-
tively. Diversity in the prevalence of Candida carriage 
is commonly observed and has been attributed to many 
overlapping local and systemic factors in the studied 
population.

Despite its relative high prevalence among people, 
the potential role Candida species could play in causing 
dental and periodontal diseases, or in facilitating their 
progression, remains unclear and debatable. Eidt et  al. 
reported a non-cariogenic nature of Candida albicans 
[11] and Willems et al. even suggested that Candida albi-
cans has a role in preventing dental caries [22].

On the other hand, several other investigators reported 
an important role Candida plays in the process of cari-
ogenesis [9, 13, 23]. For example, Zijnge et  al., in their 
in-vivo study of the supragingival plaque, reported a 
co-habitational ecosystem of Streptococcus species and 
Candida albicans, which infers a relationship between 
Candida and dental caries [9]. A similar conclusion was 
reached by Dige and Nyvad who studied the microecol-
ogy of occlusal and root caries and found that both Can-
dida albicans and Candida dubliniensis have an integral 
part in the development of dental caries along with non-
mutans streptococci [23]. The identification of the Strep-
tococcus mutans-derived exoenzyme GtfB, which firmly 
mediates the bonding between the bacterium and Can-
dida species supports the latter’s role in dental cariogen-
esis [15]. Many investigators concluded that deep dental 
cavities act as niches for the fungus colonization [13, 23].

In our study, we reported a significant association 
between DMFS scores and both the presence and quan-
tity of Candida species (p = 0.034 and p < 0.05, respec-
tively), which was independent from age, sex, smoking, 
diabetes and plaque index (p = 0.048). This association is 
in agreement with previous studies that reported similar 
findings [8, 9]. Whilst most of those studies were assess-
ing the relationship between Candida species and dental 
caries in children, our study presents an evidence of an 
association between the fungus and dental caries in an 
adult population. This association was adjusted for the 

Table 4 Pearson’s bivariate correlation between candida carriage colony forming units and various continuous variables

*Significance < 0.05 level (2‑tailed)

**Significance < 0.01 level (2‑tailed)

Candida (r) Age (r) Plaque index (r) DMFS (r) Pocket depth (r) Mobility (r) Bleeding on 
probing (r)

Recession (r) Furcation 
involvement 
(r)

Age 0.200* – – – – – – – –

Plaque index − 0.015 0.220** – – – – – – –

DMFS 0.202* 0.476** 0.162* – – – – – –

Pocket depth 0.106 0.396** 0.132 0.176 – – – – –

Mobility − 0.012 0.364** 0.254** 0.243** 0.325** – – – –

Bleeding on probing − 0.154 0.004 0.117 − 0.069 0.364** 0.220* – – –

Recession 0.202* 0.595** 0.197* 0.246** 0.492** 0.571** 0.094 – –

Furcation involvement 0.130 0.233* 0.250** 0.122 0.164 0.592** 0.186* 0.261** –

Clinical attachment loss 0.134 0.289** 0.141 0.120 0.833** 0.568** 0.250** 0.799** 0.314**
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most common factors that have been attributed to both 
oral candidiasis and dental caries. Among those factors 
are poor oral hygiene and diabetes mellitus.

Higher rate of carriage of Candida species has been 
associated with diabetes mellitus, and more so in patients 
with poor glycaemic control [24]. The prevalence of dia-
betes mellitus in the UAE is among the highest in the 
world, hence it was necessary for this confounding fac-
tor to be adjusted for in our sample. Despite the high 
prevalence of diabetes in the UAE, and the relatively high 
percentage of diabetic patients recruited in our study (i.e. 
51%), diabetes status was not associated with Candida 
carriage status (p = 0.322), nor has it shown an effect 
on the association between Candida species and DMFS 
(p = 0.401).

Candida carriage has also been associated with poor 
oral hygiene [25], which is also highly prevalent in the 
UAE, particularly among children [26]. The mean plaque 
index (as an objective marker of oral hygiene) in our 
sample was 1.9 (SD = 1.49) with no difference between 
positive and negative Candida carrier state (p = 0.880). 
Moreover, this variable had no effect on the association 
between Candida species and DMFS (p = 0.490).

The prevalence of severe periodontal disease in the 
Middle East has been estimated to be 10.4%, which is 
less than the age-standardized global prevalence of 11.2% 
[27]. Periodontal diseases have shown strong associations 
with diabetes mellitus [28] and tobacco smoking [29], 
with a recent emphasis on the role Candida plays in the 
development and progression of periodontal disease [30].

Although periodontal health indices showed positive 
correlations among themselves, they were not associated 
with the presence nor the quantity of Candida in our 
study. This could be attributed to the sampling method 
used here which was based on whole saliva rather than 
direct sampling from periodontal pockets.

Despite our findings, we observe a number of limi-
tations related to the methodology used in this study. 
Firstly, the collection method used was based on the oral 
rinse technique, which although has the advantage of 
sampling the entire oral cavity’s macro-environment, it 
does not show the direct relationship between the fun-
gus and the dental carious lesions. Secondly, the iden-
tification of Candida species was solely based on their 
colony morphology without the use of molecular biol-
ogy to identify its strains. The outcomes of this study 
should -therefore- be limited to the generic presence or 
absence of Candida species in the oral cavity. Thirdly, 
hyposalivation is a common predisposing factor that has 
been associated with both dental caries and oral candidi-
asis [31], which was not assessed in this study. Finally, 
although the most common predisposing factors for 
both oral candidiasis and dental caries were adjusted for, 

other predisposing factors, such as the presence of partial 
denture and frequency and duration tobacco smoking, 
weren’t assessed in this study.

The association between Candida species in whole 
saliva and DMFS, that was independent from sex, age, 
smoking, plaque index and diabetes mellitus, is a finding 
that strengthens the assumption that Candida species 
might not simply be normal oral flora with the capacity 
of causing opportunistic fungal infections, but a micro-
organism with an active role in dental cariogenesis. The 
value of medically controlling oral yeast by antifungal 
medications, and the effect this would have on dental 
caries control, remains to be investigated in future clini-
cal trials.

Acknowledgements
The authors are thankful to Al Jalila Foundation for supporting this research. 
The authors also thank Dr. Mariam AlQayedi and Dr. Rand Rizq for their role in 
conducting the clinical examinations.

Authors’ contributions
All authors participated in designing this study. SA‑A wrote the manuscript 
and participated in data analysis. BR, NK and MA critically reviewed the final 
version of this manuscript. MA performed the statistical analysis. All authors 
read and approved the final manuscript.

Funding
This research was funded by Al Jalila Foundation (https:// www. aljal ilafo undat 
ion. ae), Grant No. AJF 201542.

Availability of data and materials
Raw anonymous data is available on the Corresponding Author’s Google 
drive privileged account. A link to this data can be provided upon reasonable 
request.

Declarations

Ethical approval and consent of participant
This study has been reviewed and approved by the University of Sharjah 
Research Ethics Committee (approval number: ERC/23/11/15/45) and has 
been performed in accordance with the ethical standards of the Declaration 
of Helsinki of 1964 and its later amendments. All patients who participated 
in this study gave their informed consent prior to their participation. The 
Participant information Sheet and the Informed Consent documents have 
been reviewed and approved by the University of Sharjah Research Ethics 
Committee.

Consent for publication
Not applicable.

Competing interests
The authors has nothing to declare.

Received: 6 December 2020   Accepted: 31 March 2021

References
 1. Sherman RG, Prusinski L, Ravenel MC, Joralmon RA. Oral candidosis. 

Quintessence Int. 2002;33(7):521–32.
 2. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky‑

Zeichner L, Reboli AC, Schuster MG, Vazquez JA, Walsh TJ, Zaoutis TE, 
Sobel JD. Clinical practice guideline for the management of candidiasis: 

https://www.aljalilafoundation.ae
https://www.aljalilafoundation.ae


Page 6 of 6Al‑Amad et al. BMC Oral Health          (2021) 21:197 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

2016 update by the infectious diseases society of America. Clin Infect Dis. 
2016;62(4):1.

 3. Qi QG, Hu T, Zhou XD. Frequency, species and molecular characteriza‑
tion of oral Candida in hosts of different age in China. J Oral Pathol Med. 
2005;34(6):352–6.

 4. Scully C, El‑Kabir M, Samaranayake LP. Candida and oral candidosis: a 
review. Crit Rev Oral Biol Med. 1994;5(2):125–57.

 5. Tarapan S, Matangkasombut O, Trachootham D, Sattabanasuk V, 
Talungchit S, Paemuang W, Phonyiam T, Chokchaitam O, Mungkung OO, 
Lam‑Ubol A. Oral Candida colonization in xerostomic postradiotherapy 
head and neck cancer patients. Oral Dis. 2019;25(7):1798–808.

 6. Rodrigues CF, Rodrigues ME, Henriques M. Candida sp. infections in 
patients with diabetes mellitus. J Clin Med. 2019. https:// doi. org/ 10. 3390/ 
jcm80 10076.

 7. Kawashita Y, Funahara M, Yoshimatsu M, Nakao N, Soutome S, Saito T, 
Umeda M. A retrospective study of factors associated with the develop‑
ment of oral candidiasis in patients receiving radiotherapy for head and 
neck cancer: Is topical steroid therapy a risk factor for oral candidiasis? 
Medicine (Baltimore). 2018;97(44):e13073.

 8. Zhang W, Li Y, Lin J, Abduryim A, Zhao J. Cariogenicity of Candida albicans 
of distinct genotypes among 3‑5‑year‑old Uygur children in Kashgar, 
China—a case‑control study. BMC Oral Health. 2018;18(1):203–4.

 9. Zijnge V, van Leeuwen MB, Degener JE, Abbas F, Thurnheer T, Gmur 
R, Harmsen HJ. Oral biofilm architecture on natural teeth. PLoS ONE. 
2010;5(2):e9321.

 10. Fechney JM, Browne GV, Prabhu N, Irinyi L, Meyer W, Hughes T, Bock‑
mann M, Townsend G, Salehi H, Adler CJ. Preliminary study of the oral 
mycobiome of children with and without dental caries. J Oral Microbiol. 
2018;11(1):1536182.

 11. Eidt G, Andrade CG, Negrini TC, Arthur RA. Role of Candida albicans on 
enamel demineralization and on acidogenic potential of Streptococcus 
mutans in vitro biofilms. J Appl Oral Sci. 2019;27:e20180593–90593.

 12. Xiao J, Huang X, Alkhers N, Alzamil H, Alzoubi S, Wu TT, Castillo DA, Camp‑
bell F, Davis J, Herzog K, Billings R, Kopycka‑Kedzierawski DT, Hajishengal‑
lis E, Koo H. Candida albicans and early childhood caries: a systematic 
review and meta‑analysis. Caries Res. 2018;52(1–2):102–12.

 13. Pereira D, Seneviratne CJ, Koga‑Ito CY, Samaranayake LP. Is the oral fungal 
pathogen Candida albicans a cariogen? Oral Dis. 2018;24(4):518–26.

 14. Falsetta ML, Klein MI, Colonne PM, Scott‑Anne K, Gregoire S, Pai CH, Gon‑
zalez‑Begne M, Watson G, Krysan DJ, Bowen WH, Koo H. Symbiotic rela‑
tionship between Streptococcus mutans and Candida albicans synergizes 
virulence of plaque biofilms in vivo. Infect Immun. 2014;82(5):1968–81.

 15. Hwang G, Marsh G, Gao L, Waugh R, Koo H. Binding force dynamics of 
streptococcus mutans‑glucosyltransferase B to Candida albicans. J Dent 
Res. 2015;94(9):1310–7.

 16. Alrayyes SF, Alruwaili HM, Taher IA, Elrahawy KM, Almaeen AH, Ashekhi 
AO, Alam MK. Oral Candidal carriage and associated risk indicators 
among adults in Sakaka Saudi Arabia. BMC Oral Health. 2019;19(1):86–8.

 17. Khalifa N, Rahman B, Gaintantzopoulou MD, Al‑Amad S, Awad MM. Oral 
health status and oral health‑related quality of life among patients with 
type 2 diabetes mellitus in the United Arab Emirates: a matched case‑
control study. Health Qual Life Outcomes. 2020;18(1):182.

 18. Samaranayake LP, MacFarlane TW, Lamey PJ, Ferguson MM. A comparison 
of oral rinse and imprint sampling techniques for the detection of yeast, 
coliform and Staphylococcus aureus carriage in the oral cavity. J Oral 
Pathol. 1986;15(7):386–8.

 19. Mohammadi F, Javaheri MR, Nekoeian S, Dehghan P. Identification of 
Candida species in the oral cavity of diabetic patients. Curr Med Mycol. 
2016;2(2):1–7.

 20. Darwazeh AM, Hammad MM, Al‑Jamaei AA. The relationship between 
oral hygiene and oral colonization with Candida species in healthy adult 
subjects. Int J Dent Hyg. 2010;8(2):128–33.

 21. Darwazeh AM, Al‑Dosari A, Al‑bagieh NH. Oral Candida and nasal 
Aspergillus flora in a group of Saudi healthy dentate subjects. Int Dent J. 
2002;52(4):273–7.

 22. Willems HM, Kos K, Jabra‑Rizk MA, Krom BP. Candida albicans in oral 
biofilms could prevent caries. Pathog Dis. 2016. https:// doi. org/ 10. 1093/ 
femspd/ ftw039.

 23. Dige I, Nyvad B. Candida species in intact in vivo biofilm from carious 
lesions. Arch Oral Biol. 2019;101:142–6.

 24. Chouhan S, Kallianpur S, Prabhu KT, Tijare M, Kasetty S, Gupta S. Candidal 
prevalence in diabetics and its species identification. Int J Appl Basic Med 
Res. 2019;9(1):49–54.

 25. Babatzia A, Papaioannou W, Stavropoulou A, Pandis N, Kanaka‑Ganten‑
bein C, Papagiannoulis L, Gizani S. Clinical and microbial oral health status 
in children and adolescents with type 1 diabetes mellitus. Int Dent J. 
2019;70:136–44.

 26. Elamin A, Garemo M, Gardner A. Dental caries and their association with 
socioeconomic characteristics, oral hygiene practices and eating habits 
among preschool children in Abu Dhabi, United Arab Emirates—the 
NOPLAS project. BMC Oral Health. 2018;18(1):104–8.

 27. Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. 
Global burden of severe periodontitis in 1990–2010: a systematic review 
and meta‑regression. J Dent Res. 2014;93(11):1045–53.

 28. Kocher T, König J, Borgnakke WS, Pink C, Meisel P. Periodontal complica‑
tions of hyperglycemia/diabetes mellitus: epidemiologic complexity and 
clinical challenge. Periodontol. 2018;78(1):59–97.

 29. Mokeem SA, Abduljabbar T, Al‑Kheraif AA, Alasqah MN, Michelogianna‑
kis D, Samaranayake LP, Javed F. Oral Candida carriage among ciga‑
rette‑ and waterpipe‑smokers, and electronic cigarette users. Oral Dis. 
2019;25(1):319–26.

 30. De‑La‑Torre J, Quindós G, Marcos‑Arias C, Marichalar‑Mendia X, Gainza 
ML, Eraso E, Acha‑Sagredo A, Aguirre‑Urizar JM. Oral Candida coloniza‑
tion in patients with chronic periodontitis. Is there any relationship? Rev 
Iberoam Micol. 2018;35(3):134–9.

 31. Buranarom N, Komin O, Matangkasombut O. Hyposalivation, oral health, 
and Candida colonization in independent dentate elders. PLoS ONE. 
2020;15(11):e0242832.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3390/jcm8010076
https://doi.org/10.3390/jcm8010076
https://doi.org/10.1093/femspd/ftw039
https://doi.org/10.1093/femspd/ftw039

	Oral candidal carriage and its association with dental carious lesions in asymptomatic adults: a cross-sectional study from the UAE
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


