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Abstract: Background: The aim was to diagnose Candida in the oral cavity of subjects with type 2
diabetes mellitus (T2DM) using a genotyping technique and compare the results with those from
conventional diagnosis by Papanicolaou (Pap) staining. Methods: Palatal mucosa smears were
performed on 18 dental care patients diagnosed with T2DM and grade I, II, and III prosthetic
stomatitis who met the inclusion criteria; 18 healthy control subjects were also included in the study.
Hemoglobin A1c (HbA1c) levels were determined from total blood. Using exfoliative cytology,
the Pap staining technique was used to diagnose candidiasis. Exfoliative cytology was also used
for molecular diagnosis; DNA was obtained for Candida genotyping, and RNA was used for gene
expression studies. Results: Clinical patterns indicated that all subjects were positive for Candida;
however, Pap analysis revealed only three positive subjects, whereas end-point polymerase chain
reaction (PCR) analysis revealed 15 subjects with some type of Candida. The most common Candida
species found were Candida guilliermondii (38.8%), Candida krusei (33.3%), Candida tropicalis, and
Candida lusitaniae (22.2%). Interestingly, the coexpression of different species of Candida was found
in various patients. In all patients, HbA1c levels were increased. Gene expression analysis showed
a significant decrease (p ≤ 0.05) in TLR2 expression in positive subjects, whereas TLR4 expression
did not differ significantly among patients. Conclusions: The end-point PCR technique showed
better sensitivity for the diagnosis of Candida when compared with the diagnosis by Pap staining.
T2DM subjects showed an increased presence of C. guilliermondii that was correlated with decreased
TLR2 expression.
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1. Introduction

Candida is a type of fungus present in the oral flora of healthy subjects [1]; it has a wide
distribution that includes the gastrointestinal, urinary, and respiratory tracts [2]. Fifteen
subspecies of Candida cause different diseases in humans; although 90% of subspecies
are harmless, the most common pathogenic species are Candida albicans, Candida glabrata,
Candida tropicalis, Candida parapsilosis, and Candida krusei [3]. Candida is considered an
opportunistic organism that causes oral infections; it is mainly found under conditions of
malnutrition, changes in pH, and/or high concentrations of glucose in saliva [4]. The pro-
liferation of the different subspecies of Candida is increased in patients with type 2 diabetes
mellitus (T2DM) [5–8] because they present with high levels of glucose, immunological
changes, and immunosuppression [9] and changes to their general pH levels induced by
their chronic metabolic syndrome [10]. In 2017, according to the WHO and the Interna-
tional Diabetes Federation, the world diabetic population was estimated at 425 million
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people [11,12]. Candida can be found locally or generally [13], but it is characterized by a
reduction in saliva when it is found in the mouth [14] as well as microvascular degener-
ation and neutrophil activity, which are associated with the high levels of glucose found
in patients with T2DM [15,16]. In addition, an increase in digestive enzymes has been
reported in patients with T2DM and candidiasis [17–19], which benefits Candida because
patients with diabetes suffer a generalized state of immunosuppression [20–22]. Two
hundred subspecies of Candida have been characterized, of which C. albicans, C. glabrata,
C. parapsilosis, C. tropicalis, and C. krusei [23] are most frequently detected in patients with
candidiasis. Such species diversity makes Candida difficult to treat [24]. Of these subspecies,
C. albicans is the most aggressive; it is associated with a 93% increase in the development of
stomatitis [25]. The immune response of patients with candidiasis is initiated by pathogens
associated with molecular patterns, which are recognized by specific receptors of the innate
immune response known as pathogen recognition receptors (PRRs) [26,27]. The innate
immune response to C. albicans occurs through monocytes, neutrophils, macrophages, and
dendritic cells; these express PRRs and establish the first line of defense against C. albicans
infection [26]. Candida albicans can be recognized by beta-glucans, dectin-1, and lecithin
type C receptors, primarily contained in its membrane, as well as by TLR2 and TLR4 ex-
pression in the human immune response [28–30]. As part of the Candida infection response,
a proinflammatory response is triggered by activation of the NLRP3 inflammasome [31,32],
which in turn activates IL-1b [33].

Specific diagnoses of oral candidiasis in patients with T2DM are important for improv-
ing treatment because resistance to therapeutic procedures is largely due to misdiagnosis.
Therefore, the objective of the present study was to identify Candida species associated with
oral alterations in patients with T2DM using polymerase chain reaction (PCR). In addition,
the results of molecular diagnoses were compared with conventional diagnoses obtained
using Papanicolaou (Pap) smears. Furthermore, the expression of TLR2 and TLR4 genes
was evaluated as potential biomarkers of the immune response.

2. Materials and Methods
2.1. Subjects

This research was approved by the Research Ethics Committee of the IPN School of
Medicine (No. ESM.CE-01/01-29-2016). Written informed consent was obtained from all
participants. The experiments were performed in accordance with the ethical principles of
the Declaration of Helsinki and were consistent with the Good Clinical Practice Guidelines.
The participants included 18 adults of both sexes who attended a dental consultation at
the Centro Interdisciplinario de Ciencias de la Salud, Unidad Santo Tomas (CICS UST)
del Instituto Politécnico Nacional; these patients were ≥40 years old, had been diagnosed
with T2DM, and met the inclusion criteria. In addition, 18 healthy adults of both sexes
aged ≥40 years were used as a control group. Peripheral venous blood was drawn from
each subject in the morning, and the glycated hemoglobin HbA1c was determined. Palatal
mucosa smears were performed on patients diagnosed with grade I, II, and III prosthetic
stomatitis as well as T2DM. Samples were fixed with absolute ethanol, and staining was
performed according to the Pap technique.

2.2. Gene Expression Analysis and Genotyping

Total RNA was isolated from smears of the palatal mucosa using TRIzol reagent
according to the manufacturer’s instructions (TriPure Isolation Reagent; Roche Applied
Science, Indianapolis, IN, USA). The amount and purity of the isolated RNA were quan-
tified nanophotometrically by measuring the optical densities at 260 and 280 nm. The
integrity of all samples was confirmed by agarose gel electrophoresis. Before reverse tran-
scription, RNA samples were treated further with amplification-grade DNase I (Invitrogen,
Carlsbad, CA, USA) to remove trace amounts of contaminating DNA. All RNA samples
were stored in the RNA elution solution at −80 ◦C. Subsequently, 0.5–1.0 µg of total RNA
was subjected to reverse transcription using a First-Strand cDNA Synthesis Kit (Roche
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Diagnostics, GmbH, Mannheim, Germany) with random hexamer primers in an Eppendorf
thermocycler according to the manufacturer’s instructions. Finally, the concentration of the
newly generated cDNA was determined nanospectrophotometrically.

Real-time quantitative PCR (qPCR) assays were performed using specific oligonu-
cleotide primers that were generated using online assay design software (https://qpcr.
probefinder.com/organism.jsp, accessed on 23 November 2019). The sequences of the
primers used to determine gene expression were as follows: TLR2 forward: 5′-CCT TTG
GAT CCT GCT TGC-3′; TLR2 reverse: 5′-CGT TCT CTC AGG TGA CTG CTC-3′; TLR4
forward: 5′-TCC ATG CAT TGA TAA GTA ATA TTA GGA-3′; TLR4 reverse: 5′-CTC TCC
TGC GTG AGA CCA G-3′. The sequence of the primers used to determine the genotype
of each Candida strain with its specific alignment temperature was as follows: C. albicans:
5′-AGC TGC CGC CAG AGG TCT AA-3′ (583 bp); C. glabrata: 5′-TTG TCT GAG CTC GGA
GAG AG-3′ (929 bp); C. parapsilosis: 5′-GTC AAC CGA TTA TTT AAT AG-3′ (570 bp); C.
tropicalis: 5′-GAT TTG CTT AAT TGC CCC AC-3′ (583 bp); Candida dubliniensis: 5′-CTC
AAA CCC CTA GGG TTT GG-3′ (591 bp); C. krusei: 5′-CTG GCC GAG CGA ACT AGA
CT-3′ (590 bp); C. guilliermondii: 5′-TTG GCC TAG AGA TAG GTT GG-3′ (668 bp); Candida
lusitaniae: 5′-TTC GGA GCA ACG CCT AAC CG-3′ (433 bp); and a universal reverse
primer: 5′-TTC TTT TCC TCC GCT TAT TG-3′. For gene expression analysis, the reaction
mixture, containing 1 µL of standard cDNA at an appropriate dilution, was prepared
according to the manufacturer’s instructions (Roche Diagnostics, GmbH). A Light Cycler
Nano Real-Time PCR System (Roche Diagnostics, Mannheim, Germany) was used for
all amplifications, with the following settings used for Universal Probe Library-based
assays: an initial denaturation step for 10 min at 95 ◦C and then 45 cycles of 10 s at 94 ◦C,
20 s at 60 ◦C, and 5 s at 72 ◦C. Each qPCR assay included a standard curve of four serial
dilution points for each gene. The mRNA levels were normalized to the expression of
the endogenous control, 18S mRNA. All qPCR experiments require standardization of
the reaction efficiency curves for gene expression. We calculated the mRNA levels using
the comparative parameter threshold cycle (Ct) method. In the standardization formula,
2−∆∆Ct, the value 2 corresponds to the qPCR efficiency reaction (dynamic range curve or
dilutions of the constitutive gene).

2.3. Statistical Analysis

Descriptive statistics were performed, and the expression data are expressed as
means ± standard deviations (SD). Data were analyzed using either the unpaired Stu-
dent’s t-test or a one-way analysis of variance. GraphPad Prism version 8.00 for Windows
and SPSS were used to conduct the statistical analyses and graph the data.

3. Results
3.1. Characteristics of the Participants

The clinical characteristics of the 18 patients included in this study are shown in
Table 1. In patients with T2DM, the mean age was 63.3 ± 14.2 years. Most patients were
female (66.6%), most were nonsmokers, and a high percentage were hypertensive (61.1%).
Type I stomatitis was predominant (61.1%) compared with Type II stomatitis (38.8%). When
reviewing the clinical patterns, an increase in pseudomembranous candidiasis (83.3%) and
a high percentage of glycosylated hemoglobin were observed.

Table 1. Clinical characteristics of adult subjects diagnosed with type 2 diabetes mellitus and
candidiasis treated in the dental clinic of the CICS-UST.

Variables Number of Patients

Gender
Female 12 (66.6%)
Male 6 (33.3%)
Age (years), mean (SD) 63.3 ± 14.2

https://qpcr.probefinder.com/organism.jsp
https://qpcr.probefinder.com/organism.jsp
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Table 1. Cont.

Variables Number of Patients

Smoking 2 (11.1%)
Non-smoking 16 (88.8%)
Hypertension 11 (61.1%)
No hypertension 7 (38.8%)
Type 1 stomatitis 11 (61.1%)
Type 2 stomatitis 7 (38.8%)
Type of candidiasis (observation of clinical pattern)
Pseudomembranous 15 (83.3%)
Erythematous 3 (16.6%)
Glycated hemoglobin (HbA1c) mean (SD) 9.3 ± 2.7

3.2. Pap Smear Results

Exfoliative cytology of the samples from patients with T2DM confirmed the presence
of Candida. Figure 1 shows the hyphae of the Candida types. Tangled tubular hyphae were
observed related to desquamated epithelial cells (Figure 1a,b), and Candida was observed in
the form of yeast and has an appearance of round or ovoid cells, which form small groups
(Figure 1c).
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Figure 1. Microscopy of the PAP stain on the palate. Smears were taken from the palatal mucosa
of the subjects with stomatitis, and staining with Papanicolaou solution was performed. Elongated
hyphae correspond to the fungus Candida (a,b) and the appearance of round cells that form small
groups (c) (PAP 60×).

Identification by end-point PCR results and the use of specific primers for each studied
species of Candida are shown in Table 2. The most common Candida species found were
Candida guilliermondii (38.8%), Candida krusei (33.3%), Candida tropicalis, and Candida lusitaniae
(22.2%). Interestingly, species coexpression was found among the study subjects. The
species with the highest coexpression were C. guilliermondii and C. krusei. In four patients,
Candida species were not found.

Table 2. Candida species identified in the study subjects by endpoint PCR. Specific primers for each
Candida genotype were used, as described in the Materials and Methods section. (+) presence of
Candida, (−) absence of Candida, (PAP) Papanicolaou (Pap) staining.

Candida

Patient PAP Albicans Glabrata Parapsilosis Tropicallis Dublinensis Krusei Guilermondi Lusitanie

01 − − − − − − − + −
02 − − − − − − − + −
03 − + + − + − − + −
04 + − − − − − − − −
05 − − − − + − + + +
06 − − − − + − − + −
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Table 2. Cont.

Candida

Patient PAP Albicans Glabrata Parapsilosis Tropicallis Dublinensis Krusei Guilermondi Lusitanie

07 − − − − + − + + +
08 − − − − − − − − −
09 − − − − − − − − −
10 − − − − − − − − −
11 + − − − − − + + −
12 − − − − − − + − −
13 + + − + − − + − −
14 − − − − − − + − −
15 − − − − − − − − +
16 − − − − − − − − +
17 − − − − − − − − −
18 − − − − − − − − +

3.3. Gene Expression of TRL2 and TLR4

In addition, qPCR analysis revealed a significant decrease (p < 0.0001) in the mRNA
expression of TLR2 in the candidiasis group relative to that in the control group (Figure 2).
In contrast, there was no significant difference in TLR4 expression between the groups.
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Figure 2. Quantitative real-time PCR assays of the genes encoding TLR2 and TLR4. Samples from
smears of the palatal mucosa were collected, and total RNA was extracted as described in Section 2.
The relative expression level of each gene was quantified and normalized to 18S ribosomal RNA.
Data from patients with candidiasis and control subjects are shown. *** p < 0.0001.

4. Discussion

Here, the most common variants of Candida were identified in the oral cavity of
patients with diabetes and candidiasis. When using Pap smears, a conventional method
for the diagnosis of Candida, it was possible to detect 3 of 19 patients with the clinical
characteristics of this pathology when the patients had dental prostheses. Oral candidiasis
is usually diagnosed using physical examination, clinical history, and exfoliative cytology
with SBP or Pap staining [34–36]. However, the guide of the European Society of Clinical
Microbiology and Infectious Diseases recommends cultivating the fungus in a specific
medium for the diagnosis of Candida [37]. The recommendations made by the American
Society for Infectious Diseases for the treatment of oropharyngeal candidiasis are to provide
clotrimazole or nystatin as the first treatment, especially in patients who have not had the
disease for a long period of time [38].

Like the Pap technique, molecular techniques were used to determine the presence
of Candida subtypes in the patients studied. Consequently, seven species of Candida were
identified in patients with diabetes and oral prostheses, unlike in Pap staining, which could
only identify three patients with Candida. Nevertheless, the Pap technique is still used
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preferentially in dental consultations for the diagnosis of Candida in the Mexican population.
A similar study was previously conducted in Monterrey, Mexico, in which Candida species
were identified using culture media after collecting samples from the microbiology depart-
ments of each hospital participating in the study; C. albicans, C. parapsilosis, C. tropicalis, C.
glabrata, C. krusei, and C. guilliermondii were mainly identified in a population studied from
2004 to 2007 [39].

Recent studies indicate an alarming increase in global Candida infections and drug
resistance. For example, there are extensive reports of intrinsic and developed resistance
to azole antifungals among several Candida species, including C. albicans, C. parapsilosis,
C. tropicalis, C. krusei, and C. glabrata. Azole antifungals, such as fluconazole, are often
the preferred treatment for many Candida infections [40,41]. Therefore, there is a need to
seek new strategies for Candida diagnosis and treatment. Immunity or resistance involves
the participation of the innate immune response through the TLR, DC-SIGN, galectin,
and dectin receptors [42,43]. In addition, the pharmacological resistance of Candida has
been shown to initially depend on the concentration and type of drug used as well as
the immunological capacity of the infected individual [44]. Moreover, recent studies
indicate that Candida has mutagenic capabilities that allow it to develop pharmacological
resistance [45]. The development of resistance to treatments for candidiasis is mainly caused
by the low pharmacological efficiency of such treatments to combat all Candida species
observed during infection [46,47]. Given such resistance, the standard clinical approach
to treating patients with candidiasis has been questioned, particularly given that the
conventional diagnostic method, that is, by means of stains, does not confirm the Candida
species, and therefore the treatment offered is not species-specific and may be ineffective.
In contrast, molecular diagnosis allows for rapid identification of Candida species and the
implementation of an appropriate treatment that can help avoid the systemic damage that
is caused by the advanced contagion of species that typically develop resistance.

The damage caused by Candida in the oral epithelium provokes an inflammatory re-
sponse that causes the release of inflammatory mediators and the production of recognition
patterns of molecules such as TLRs. Jianwei et al. (2018) [48] demonstrated the activation of
TLR2 in the presence of C. albicans. Consistent with these findings, Shaoru (2004) [49] found
that both TLR2 and TLR4 mRNA expressions were low in patients diagnosed with candidi-
asis who did not receive pharmacological treatment. Similarly, no significant differences in
TLR4 expression were found between healthy subjects and those infected with Candida. In
addition, Pei et al. (2019) found that subjects infected with Candida showed a downregu-
lation of IL-1β [50]. Similar to these previous results, we found a significant decrease in
the gene expression of TLR2 in the candidiasis group. TLR4 showed a downward trend,
although it did not present significance between the control group and the group with
candidiasis. It would be interesting to increase the number of patients to see if the TLRs
show a significant decrease. Because diabetes mellitus can be associated with the presence
of more predominant types of Candida, the analysis of additional molecules involved in the
immune response to each type of Candida species will facilitate the development of more
effective pharmacological treatments.

Currently, the strategy applied for the clinical care of patients infected by Candida
in Mexico lacks the specificity to identify all species that may be present in patients with
candidiasis. Additionally, the general treatment provided to these patients leads to the
development of pharmacological resistance by some Candida species. This favors the
development of resistant species, which contributes to increasing the clinical complications
that can compromise the lives of patients.

In this study, we identified several Candida genotypes in subjects with type 2 diabetes
mellitus who attended dental consultations. It is interesting to observe that the Candida
guilliermondii genotype predominates and that there is co-expression of genotypes. The
TLR gene expression, as we have mentioned above, shows similarity with published works.
However, in this study, the number of study subjects may be a limitation since it would be
very interesting to know the behavior of other immune response molecules and observe
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if the behavior of the immune response molecules is different according to the candida
genotypes present. Also, we observed how the pharmacological treatment was affected.

5. Conclusions

In conclusion, it is advisable to use molecular diagnostic tools to accurately determine
the species of Candida present in each patient, which will allow the administration of
treatment that guarantees the elimination of all Candida species present. Such changes will
contribute to advancing individualized medicine in Mexico.
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