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The incidence of Candida species, the genetic diversity and the hydrolytic
exoenzyme characteristics of C. albicans and C. dubliniensis clinical isolates from
patients diagnosed with diabetes mellitus under glycemic clinical control were
assessed. Clinical samples were collected from the oral cavity and the isolation
and identification of Candida species were performed by microbiological methods.
The genetic diversity of clinical isolates was established using isoenzyme markers
(MLEE), Nei’s statistics, and clustering analysis. The virulence of oral isolates was
evaluated by the in vitro production tests of aspartyl proteinases (SAPs) and
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Introduction and type 2 diabetes mellitus, the other forms less common
are the gestational diabetes, diabetes induced by medication

Diabetes mellitus is a disease caused by metabolic disorders  (corticosteroids), pancreas disease (cystic fibrosis), infection
characterized by areduction in partial or total of insulin production  (congenital rubella) and genetic syndromes [2].

by the pancreas. It can be autoimmune with the destruction of the
beta cells of pancreas responsible for the insulin synthetization or
by an insufficient insulin production. As of result, the blood sugar
level rises, condition known as hyperglycemia, which is harmful
to the diabetic individual, especially in long-term patients since it
can cause alterations in the organism [1]. The classic symptoms
of the disease are polydipsia (excessive thirst), polyuria (excessive
secretion of urine) and polyphagia (intense hunger), being the
result of the hyperglycemia and the osmotic imbalance. The
two most common types are known as type 1 diabetes mellitus

Diabetes mellitus is considered as a predisposing factor for
candidiasis disease [3]. The blood sugar level in diabetic patients
contributes to the growth of yeast due to the higher number of
receptors available to the Candida [4]. There is also a decrease
in the defensive capability of polymorph nuclear neutrophils and
lymphocyte T associated with the hyperglycemia, which provides
a favorable environment for the reproduction of the Candida
species [5]. The correlation between diabetes and infection
by the Candida species has been investigate in the literature,
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mostly because the diabetic individuals are more susceptible
to fungal infections in comparison to those without diabetes.
In the colonization process and following infection, the yeast
adherence to the surface of epithelial cells is recognized as an
essential factor [6]. High blood and saliva sugar levels were found
in diabetic patients with and without glycemic control [7,8] and,
consequently, can contribute to a greater susceptibility of the
host to oral infections, like the candidiasis [9]. Fungal infections
are common in diabetic patients, being the candidiasis described
as part of the primary infectious pathology: oral and esophageal
candidiasis, pyelonephritis or cystitis [10]. The yeast and fungus
are frequently cited as responsible for the severe conditions that
affect the cervical ad facial areas of patients that suffer from
immunological and diabetic disorders [11]. Nevertheless, the
opportunistic fungal pathogens most common are the Candida
species, with the C. albicans being responsible for more than 50%
of the cases [12]. In addition, the risk of infection by the Candida
species passed down to diabetic patients has a multifactorial
cause. Apart from the diabetic condition, the excessive consume
of sugar, bad eating habits or poor oral hygiene are factors that
contribute to high saliva sugar levels, which are favorable to
developing oral candidiasis. In the context, there is a direct link
between glucose concentration and candidiasis [13].

The isoenzymatic typing, also known as multilocus enzyme
electrophoresis (MLEE), is considered an excellent method
of fingerprinting in  epidemiological tracing involving
microorganisms of medical interest, especially in cases of fungal
infections caused by the Candida species. Combined with the
genetic interpretation of the data, in accordance with the ploidy
level of the microorganism, and systems of analysis of diversity
and genetic relationship, MLEE has provided information in
various levels of resolution (identification of the same strain
in independent isolates, identification of microevolutionary
changes in a strain, clustering of moderately related isolates, and
identification of completely unrelated isolates), as well as your
high reproducibility and discriminatory power [14-22].

The present study evaluated the incidence of Candida species in
isolated from the oral cavity of patients presenting a diagnosis
of diabetes mellitus and under clinical control, without clinical
symptoms of oral candidoses. It also investigated the virulence
potential of C. albicans and C. dubliniensis clinical isolates
(using hydrolytic exoenzymes: SAPs and PLs), and the genetic
polymorphism and relatedness of the C. albicans and C.
dubliniensis clinical isolates, based on MLEE typing and genetic
and cluster analyses.

Materials and Methods

Patients

Fifty-four patients (19 females and 35 males) presenting a
diagnosis of diabetes mellitus and under clinical control, aged
between 41 and 79 years (mean of 60 + 10 years), coming from
the Health Care Units of the Family Health Program (Ministry of
Health, Brazil), Limeira city, Sdo Paulo state, Brazil, were selected
for the present study. The following parameters were used as
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inclusion and exclusion criteria: (i) patients aged 18 years and
older, without any antifungal and antibiotic medications from
10 weeks prior to collection, (ii) non-pregnant women, and (iii)
non-xerostomic patients, that is, patients should produce 3 to 5
mL of unstimulated saliva in 15 minutes [18]. This research was
conducted in accordance with Resolution No. 466/2012 of the
National Health Council and approved by the Research Ethics
Committee of the FOP/UNICAMP.

Sampling and yeasts

Oral samples were harvested in the presence of a physician (10
ml sterile phosphate-buffered saline: 0.1 M NaCl, 0.1 M NaH_PO,,
pH-7.2), properly transported (4°C) to the Laboratory of Oral
Microbiology and Immunology, School of Dentistry of Piracicaba,
State University of Campinas (FOP/UNICAMP), centrifuged (1700
x g for 10 min) and the sediments were resuspended in 1 mL of
PBS solution, according to previously reported [18,23]. Aliquots
of 100 | of each sample were inoculated onto plates containing
the differential culture medium CHROMagar Candida® (Probac
do Brasil Produtos Bacterioldgicos Ltda., Sdo Paulo, SP, Brazil) and
aerobically incubated at 37°C for 48 h, using a duplicate isolation
system [18,24]. The isolation and presumptive identification of
someclinicallyimportant Candidaspecies, as well asthe count (cfu/
ml) and identification of populational homogeneity (mixed yeast
cultures) [22], were carried out based on colonial morphology:
C. albicans (distinct green colonies), C. tropicalis (distinct dark
grayish blue colonies with a dark brownish purple halo in the
surrounding agar) and C. krusei (highly rugous characteristic,
scattered colonies with pale pink centers and a white border).
The C. albicans and C. dubliniensis species were confirmed
by growth test at 42-45°C [25] and abundant chlamydospore
production [26]. Based on the oral multicolonization patterns
by C. albicans strains observed in several immunocompetent
and immunocompromised subjects [15,18,22], the genotypes
of several yeast isolates per subject (oral cavity) were analyzed
using isoenzymatic markers.

Multilocus Enzyme Electrophoresis (MLEE)

Enzymes extraction procedures from freshly grown yeast
cells, enzyme electrophoresis and revelation/stain, genetic
interpretation of the MLEE patterns, and discriminatory power of
the MLEE typing, based on the numerical index of discrimination
(D)-Simpson’s diversity index were accomplished using previously
described methods [17-19]. The enzymatic activities analyzed

were: alcohol dehydrogenase (ADH-EC 1.1.1.1), sorbitol
dehydrogenase (SDH-EC 1.1.1.14), mannitol 1-phosphate
dehydrogenase (M1P-EC 1.1.1.17), malate dehydrogenase

(MDH-EC 1.1. 1.37), isocitrate dehydrogenase (IDH-EC 1.1.1.42),
glucose dehydrogenase (GDH-EC 1.1.1.47), glucose-6-phosphate
dehydrogenase (G6PDH-EC 1.1.1.49), aspartate dehydrogenase
(ASD-EC 1.4.3. x), catalase (CAT-EC 1.11.1.6), peroxidase (PO-EC
1.11.1.7) and leucine aminopeptidase (LAP-EC 3.4.1.1).

Genetic and cluster analyses

Nei’s statistic was used to estimate the genetic distance among
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all isolates (strains) of C. albicans and C. dubliniensis [27]. Based
on the matrix dij, a dendrogram was generated by the SAHN
clustering method and the UPGMA algorithm. A threshold
(average value: ) was established to identify clusters constituted
of identical and/or highly related isolates (strains) (0 < dij < dij
), and major taxa (singular taxon, i.e., a taxonomic group of any
nature or rank) constituted of moderately related (dij < dij < Zdij
+ SD) or distantly related (dij>dij + SD) isolates, strains and/or
clusters. Pearson’s product-moment correlation coefficient was
used to measure agreement (range of 0-1 to +1), or cophenetic
correlation, between the elements dij of the genetic distance
matrix and the elements dij implicit in the UPGMA dendrogram.
Concordance was interpreted in the following manner: 0.9 <r:
very good fit; 0.8 <r<0.9: good fit; 0.7 < r<0.8: weak concordance;
r<0.7: very weak concordance. These analyses were performed
using the program NTSYSpc v2.1. [18,19,22,27]. The percentage
index of polymorphic loci (i.e., frequency of the most common
allele<0.99 or 99%), the average number of alleles per locus, the
average number of polymorphic alleles per locus, the number of
heterozygous and homozygous alleles, and the heterozygosity of
each locus were also determined as measures of diversity [28].

Virulence test

The virulence in vitro of the C. albicans and C. dubliniensis
clinical isolates was determined by testing for production of
hydrolytic exoenzymes, Secreted Aspartyl Proteinases (SAPs)
and phospholipases (PLs), according to previously described
methods [18,24,29]. Enzymatic activity (Pz) was determined by
formation of a halo around the yeast colony and the results were
interpreted as follows: (i) Pz=1: absence of enzyme activity (index
0); (ii) 1>Pz = 0.64: positive enzyme activity (index 1); and (iii)
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Pz<0.64: strongly positive enzyme activity (index 2). These tests
were carried out in duplicate.

Result

Oral colonization by Candida species

Fifty-four patients diagnosed with diabetes mellitus were
analyzed for oral colonization by Candida species. Isolation and
identification assays showed a high prevalence of C. albicans.
C. krusei, C. tropicalis, and Candida sp. were only preliminarily
identified using the chromogenic medium, and the identity of C.
albicans and C. dubliniensis was confirmed by complementary
methods. Therefore, the use of phenotypic or genotypic systems
for species-level is necessary for most Candida species.

Oral colonization by Candida species was observed in 45 (83.3%)
of 54 diabetic patients. Of these 45 patients with Candida
colonization, 38 (70.4%) were colonized by C. albicans [i.e.,
27 (50%; patients 1-13, 15-17, 19-21, 23-27, 31, 35 and 36)
were exclusively colonized by C. albicans and 11 (20.4%) were
multicolonized by C. albicans and C. dubliniensis (1 patient:
1.9%; patient 33), C. albicans and C. krusei (3 patients: 5.6%;
patients 22, 28 and 30), C. albicans and C. tropicalis (2 patient:
3.7%; 14 and 18), C. albicans and Candida sp. (1 patient: 1.9%;
38), C. albicans, C. krusei and Candida sp. (1 patient: 1.9%; 37),
C. albicans, C. krusei and Candida sp. (2 patients: 3.7%; patients
29 and 32) and C. albicans, C. tropicalis and C. krusei (1 patient:
1.9%; patient 34)] and 7 (12.9%) were colonized by Candida
non-albicans [i.e., multicolonized by C. krusei and Candida sp. (3
patients), C. tropicalis and Candida sp. (2 patients) or Candida sp.
(2 patients)] (Table 1).

Colonization profile Diabetic patients ¢ Diabetic patients ¢ s
CFU/ml > CFU/mlI >
37 >350 <350 % >350 <350 n % n %
Candida non-albicans 1 4 16.6 - 2 2 8.3 5 9.3
Absence of colonization by - - 134 - - 20.9 11 20.4
Candida sp.
> 10 16 30 100 6 13 24 100 54 100
Abbreviation: CFU: Colony-Forming Unit. Symbols & and @ correspond to the male and female gender, respectively.

Table 1: Oral occurrence of Candida species in patients presenting a diagnosis of diabetes mellitus and under clinical control, without clinical

symptoms of oral candidoses.

Of the female patients, 26 (86.6%) of 30 showed oral colonization
by Candida species. Of these 26 female patients with Candida
colonization, 21 (70%) were colonized by C. albicans [i.e., 14
(46.7%; patients 1, 2, 3,4,5,6, 7,8,9, 10, 11, 12, 13 and 31)
were exclusively colonized by C. albicans and 7 (23.3%) were
multicolonized by (i) C. albicans and C. dubliniensis (1 patient:
3.3%,; patient 33), (ii) C. albicans and C. krusei (2 patients: 6.7%;
patients 28 and 30), (iii) C. albicans and C. tropicalis (1 patient:
3.3%; patient 14), (iv) C. albicans, C. krusei and Candida sp.
(2 patients: 6.7%; patients 29 and 32), and (v) C. albicans, C.
tropicalis and C. krusei (1 patient: 3.3%; patient 34)] and 5 (16.6%)
were colonized by Candida non-albicans [i.e., multicolonized by
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C. krusei and Candida sp. (2 patients), C. tropicalis and Candida
sp. (2 patients) or Candida sp. (1 patient)] (Table 1).

Of the male patients, 19 (79.2%) of 24 showed oral colonization
by Candida species. Of these 19 male patients with Candida
colonization, 17 (70.8%) were colonized by C. albicans [i.e., 13
(54.1%; patients 15, 16, 17, 19, 20, 21, 23, 24, 25, 26, 27, 35
and 36) were exclusively colonized by C. albicans and 4 (16.7%)
were multicolonized by (i) C. albicans and C. krusei (1 patient:
4.2%; patient 22), (ii) C. albicans and Candida sp. (1 patient:
4.2%; 38), (iii) C. albicans and C. tropicalis (1 patient: 4.2%; 18),
and (iv) C. albicans, C. krusei and Candida sp. (1 patient: 4.2%;
37)] and 2 (8.3%) were colonized by Candida non-albicans [i.e.,
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multicolonized by C. krusei and Candida sp. (1 patient) or Candida
sp. (1 patient)]. Oral occurrence of Candida species among patient
genders (male and female) presenting a diagnosis of diabetes
mellitus was not significant (Teste %2, p<0.001) (Table 1).

Genetic diversity analysis

The izoenzymatics electrophoretic patterns of C. albicans (n=189)
and C. dubliniensis (n=6) isolated from the oral cavity of 38
diabetic patients, including the C. albicans CBS-562 type-strain,
were reproducible on different gels after three repetitions of
each electrophoretic procedure. The genetic interpretation of
MLEE patterns showed the following characteristics (Table 2) 13
(86.7%) enzymatic loci were polymorphic (i.e., for each enzyme
locus the frequency of the most common allele was <99%) for
two, three, four, five and six alleles (2 alleles: Mdh-1; 3 alleles:
Cat, Gdh and Mdh-2; 4 alleles: Gépdh, Idh, Mdh-3 and Po; 5
alleles: Asd, Lap and M1p-2; 6 alleles: Adh and Sdh-1). The mean
number of alleles per locus and the mean number of alleles per
polymorphic locus were equals to 3.73 and 4.15, respectively.
The combination of the existing alleles in 15 enzymatic loci
showed 84 electrophoretic types-ETs (43.1% of the total isolates).
Heterozygotes revealed two and three enzymatic bands (2 bands:
Adh, Asd, Cat, G6pdh, Gdh, Idh, Lap, M1p-2, Mdh-1, Mdh-2, Mdh-
3, Po and Sdh-Mdh-2). Among the homozygotes, one allele was
observed in the M1p-1, Sdh-2 loci, two alleles at the Idh, Mdh-1
and Po loci, three alleles at the Asd, Cat, Gdh and Mdh-2 loci, four
alleles at the loci G6pdh, Lap, M1p-2 and Mdh-3, and five alleles
at the Adh and Sdh-1 loci.

In addition, monoclonal and polyclonal oral colonization patterns
were found in diabetic patients based on genetic interpretation
of the MLEE patterns of C. albicans and C. dubliniensis (1 isolate
per ET: ET5, ET10, ET21, ET23, ET27, ET28, ET29, ET36, ET37,
ET38, ET39, ET43 and ET44; 2 isolates per ET: ET2, ET3, ET4, ET7,
ET13, ET16, ET18, ET19, ET26, ET32, ET34, ET35, ET40 and ET42;
3 isolates per ET: ET1, ET6, ET14, ET15, ET17, ET20 and ET31; 4
isolates per ET: ET11, ET22 and ET24; 5 isolates per ET: ET8, ET9,
ET12, ET25, ET30, ET33 and ET41) (Table 2). Thirteen diabetic
patients (8 women and 5 men) exhibited exclusively monoclonal
pattern of oral colonization by C. albicans, whereas 25 patients
(15 women and 10 men) exhibited monoclonal and polyclonal
patterns of oral colonization by C. albicans. Monoclonal and
polyclonal patterns of oral colonization by C. dubliniensis was
observed only in a female diabetic patient ($33).

Nei’s statistic dij, the SAHN clustering method, and the UPGMA
algorithm were used to evaluate the genetic diversity of the
189 C. albicans and 6 C. dubliniensis clinical isolates, including
the C. albicans CBS562 type strain, isolated from the oral cavity
of diabetic patients (both genders) under clinical control and
without clinical symptoms of oral candidoses. The population
diversity of yeasts ranged from zero to 0.3683, that is, on average,
the population of clinical isolates showed from zero to 36.8 allelic
substitutions for every 100 loci from a common ancestor (dij
=0.049 + 0.077).

Taking into account the genetic distance values established among
the clinical isolates, 18 clusters (I to XVIII) and 7 taxa (A to G) were
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identified. Each cluster comprised identical (dij=0) and/or highly
related (0.049 > dij>0) isolates (strains), regardless of whether
these isolates were epidemiologically related or not. Moderately
related (0.126 > dij>0.049; intra-taxon) and distantly related
(dij>0.126; inter-taxa) isolates (strains) and clusters were also
identified. In turn, the taxa (inter-taxa) were considered unrelated
or distantly related (dij>0.126), and each taxon comprised their
respective clinical isolates and/or clusters. The composition of
the taxa/clusters exhibited the following characteristics:

e Taxon A: 8 clusters (44.4%), 146 isolates (74.8%), 60 ETs
(71.4%), 30 patients (55.5%).

e Clusterl(71isolates 36.4%, 29 ETs 34.5%; 17 patients 31.4%):
Patients 91 (ET1 and ET2), 92 (ET3, ET4 and ET5), 96 (ET11),
@12 (ET22), 913 (ET23 and ET24), 914 (ET25), 915 (ET26,
ET27, ET28 and ET29), 917 (ET31 and ET32), $23 (ET46 and
ET47), 924 (ET48 and ET50), 925 (ET51), 930 (ET63), 931
(ET64), 934 (ET75), 35 (ET76 and ET78), $36 (ET80 and
ET81) and 937 (ET83).

e Cluster Il (3 isolates **%; 2 ETs 24*; 1 patient ®%): Patient {22
(ET42 and ET43).

e Cluster Il (14 isolates "**; 6 ETs 7'*; 4 patients 7**): Patients
Q6 (ET10), 926 (ET52), 29 (ET58) and 930 (ET60, ET61 and
ET62).

e Cluster IV (5 isolates 2%%; 4 ETs *%%; 2 patients 3>7%): Patients
Q22 (ET44 and ET45) and $31 (ET65 and ET66).

e Cluster V (20 isolates 1°3%; 6 ETs 71%; 5 patients ®?*): Patients
Q8 (ET13), 216 (ET30), 918 (ET33), 919 (ET35 and ET36)
and 938 (ET84).

e Cluster VI (15isolates 77%; 5 ETs ®*; 4 patients 7%*): Patients 98
(ET14), 210 (ET17 and ET18), 219 (ET34) and $32 (ET67).

e  Cluster VIl (13 isolates 57%; 4 ETs *%%; 3 patients >%): Patients
Q4 (ET8), 9 (ET15) and 911 (ET19 and ET20).

e Cluster VIIl (2 isolates **; 1 ET 12*; 1 patients %) Patient $36
(ET79).

e Taxon B: 1 cluster (5.5%), 2 isolates (1.0%), 1 ETs (1.2%), 1
patient (1.8%).

e Cluster IX (2 isolates **; 1 ET 1.2%; 1 patient 1%%): Patient 99
(ET16).

e Taxon C: 1 cluster (5.5%), 3 isolates (1.5%), 2 ETs (2.4%), 1
patient (1.8%).

e Cluster X (2 isolates *; 1 ET %; 1 patient *%%): Patient 920
(ET40).

e ET38(lisolate ®5%; 1 ET *?%; 1 patient #%): Patient 20 (ET38)

e Taxon D: 4 clusters (22.2%), 19 isolates (9.7%), 9 ETs (10.7%),
3 patients (5.5%).

e Cluster XI (5 isolates 2%%; 2 ETs 24*; 1 patient 1¥%): Patient 93
(ET6 and ET7).

e Cluster XIlI (6 isolates ***, being 4 C. dubliniensis*; 3 ETs 3°%; 1
patient 1.8%): Patient ©33 (ET68", ET71" and ET74").
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Cluster Xl (6 isolates 3%, being 1 C. dubliniensis”; 2 ETs #*%; 2
patients 37%): Patients 95 (ET9) and $33 (ET70").

Cluster XIV (2 isolates **, being 1 C. dubliniensis’; 2 ETs 24%; 1
patient *¥%): Patient 933 (ET69" and ET73).

Taxon E: 2 clusters (11.1%), 10 isolates (5.1%), 2 ETs (2.4%%),
2 patients (3.7%).

Cluster XV (5 isolates 2%%; 1 ET *2%; 1 patient *¥%): Patient @7
(ET12).

Cluster XVI (5 isolates 2%; 1 ET 1#%; 1 patient *¥*): Patient 921
(ET41).

Taxon F: 1 cluster (5.5%), 7 isolates (3.6%), 4 ETs (4.7%), 2
patients (3.7%).

Cluster XVII (5 isolates 2.6%; 2 ETs 2.4%; 1 patient 1.8%):
Patient 27 (ET53 and ET54).

Archives of Clinical Microbiology
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ET37 (1isolate *%; 1 ET *?%; 1 patient 1*%): Patient 920 (ET37).
ET39 (1isolate ®%; 1 ET *?%; 1 patient 1*%): Patient 920 (ET39).

Taxon G: 1 cluster (5.5%), 5 isolates (2.5%), 3 ETs (3.6%), 1
patient (1.8%).

Cluster XVIII (4 isolates ?*; 2 ETs 24%; 1 patient %%): Patient
Q28 (ET56 and ET57).

ET55 (1isolate®%; 1 ET 12%; 1 patient 1%%): Patient 928 (ET55).

Ungrouped isolates/ETs in taxa: 3 isolates (1.5%), 3 ETs
(3.6%), 3 patients (5.5%).

ET49 (1isolate *%; 1 ET *?%; 1 patient 1*%): Patient 928 (ET49).
ET72 (1isolate ®%; 1 ET *?%; 1 patient 1*%): Patient 933 (ET72).
ET77 (1isolate ®%; 1 ET *?%; 1 patient 1*%): Patient 935 (ET77).

P ET NI |[Cluster* Alleles of 15 enzymatic loci**
Adh | Asd Cat |G6pdh| Gdh Idh Lap |M1p-1|M1p-2|Mdh-1|Mdh-2|Mdh-3| Po | Sdh-1 |Sdh-2

TS bd cc aa cc bb bd cc - bb - aa aa bb bd -
Q1 1 3 I dd ac aa cc bb bd cc - bb - ac aa bc bd -
Q1 2 2 I dd ac aa cc bb bd cc - bb - ac aa bb | bd -
Q2 3 2 I dd cc bb cc bb bb cc - bb bb aa ad bc bd -
Q2 4 2 I dd cc bb bb bb bb cc - bb bb aa ad bc bd -
Q2 5 1 I dd cc bb cc bb bb cc - bb bb aa ad bb bd -
Q3 6 3 Xl aa cc cc ac bb bb bb - bb aa aa aa bb bd -
Q3 7 2 Xl aa bb cc ac ac bb bb - bb aa aa aa bb ce -
Q4 8 5 vii dd ac aa cc bb bd cc - bb - cc ac bb | dd -
Q5 9 5 Xl aa cc cc cc bb bb bb - bb aa aa aa - bd -
Q6 10 1 I bd cc aa cc bb - cc - bb - aa aa bb | bb -
Q6 11 4 I bd cc aa cc bb bb cc - bb - aa aa bb | bb -
Q7 12 5 XV dd cc aa cc - - ee - - bb - aa bb - -
Q8 13 2 \Y dd cc - cc bb - cc - be aa aa ac bb bd -
Q8 14 3 VI dd ac - cc bb - cc - be aa aa ac bb bd -
Q9 15 3 Vil dd ac aa cc bb bd cc - bb - cc ac bb | dd -
Q9 16 2 IX ff be bb aa aa ac dd - cc - ad ac bb aa -
10 17 3 Vi dd ac - cc bb - cc - be aa aa ac bb bd -
Q10 18 2 VI dd ac - cc bb bb cc - be aa aa ac bb bd -
Q11 19 2 VI dd ac aa cc bb bd cc - bb - cc ac bb de -
Q11 20 3 Vil dd ac aa cc bb bd cc - bb - cc ac bc de -
Q12 21 1 | lIsolate | dd cc aa cc - bd cc - bb aa aa - bc bd -
Q12 22 4 I dd cc aa cc bb bd cc - bb aa aa aa bc bd -
Q13 | 23 1 I dd cc aa cc bb bb cc - bb - aa aa bd | bd -
Q13 | 24 4 I dd cc aa cc bb bb cc - bb - aa ac bd | bd -
Q14 25 5 I dd cc aa cc bb bb cc - bb - aa ad bd bd -
Q15 26 2 I dd cc aa cc bb bb cc - bb - aa ad bd bd -
Q15 27 1 I dd dd aa cc bb bb cc - bb - aa ad bd bd -
Q15 | 28 1 | dd cc aa dd aa bb cc - aa - ac ad bd cc -
Q15 29 1 I cc cc aa dd aa bb cc - aa - ac ad bd cc -
Q16 | 30 5 \% dd cc - cc bb bb cc - bb aa aa cc bb | bd -
Q17 31 3 I dd cc aa cc bb bb cc - bb - aa ad bd bd -
Q17 32 2 I cc cc aa cc bb bb cc - bb - aa ad bd bd -
Q18 | 33 5 \% dd cc - cc bb - cc - bb aa aa cc bb | bd -
Q19 34 2 Vi dd ac - cc bb bb cc - be aa aa ac bb bd -
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Q19 35 2 \% dd cc - cc bb bb cc - be aa aa ac bd bd -
Q19 36 1 v cc cc - cc bb bb cc - be aa aa ac bd bd -
Q20 37 1 |lIsolate | ab - aa cc - - bb aa bb - ab aa - bd -
920 38 1 | lIsolate | ab - aa cc - bb bb - bb - ab aa cc bd -
Q20 | 39 1 | lIsolate | bb - aa cc - - bb - bb - aa - - bd -
Q20 | 40 2 X ab be aa cd bb aa bb - bb - ab aa cc bd -
Q21 41 5 XVI cc cc aa cc - - ee - - ab - aa bb cc -
Q22 42 2 Il dd cc bb cc bb bb cc - - - bb - bc bd -
Q22 43 1 I dd cc bb cc bb bb cc - - - bb - bb bd -
Q22 44 1 v dd cc bb cc bb bb cc - - - aa dd bb bd -
Q22 45 1 v dd cc bb cc bb bb cc - bb - aa dd bb bd -
Q23 46 4 I dd cc bb cc bb bb cc - bb - aa dd bb bd -
Q23 47 1 I dd cc aa cc bb bb cd - bb - aa aa bd bd -
Q24 | 48 1 I dd cc aa cc bb bb cc - bb - aa ac bd | bd -
Q24 | 49 1 |lsolado| ce be aa bb cc - ae - dd - bb bb ad ff -
Q24 50 3 I dd cc aa cc bb bb cc - bb - aa ad bd bd -
Q25 51 5 I dd cc bb cc bb bb cc - bb bb aa ad bc bb -
Q26 | 52 5 Il dd cc aa bb bb - cc - bb - aa - bb | bb -
Q27 | 53 4 XV ab - aa cc bb - bb - bb - ab aa - bd -
Q27 | 54 1 XVII ab - aa cc bb - bb - bb - aa aa - bd -
Q28 | 55 1 |lsolado| - - - cc bb - cc - bb - aa ad bb - -
Q28 | 56 3 XVl - - - cc bb - cc - bb - aa ad bb | bb -
Q28 | 57 1 Xviil - - - cc bb - cc - bb - aa ad bb | bd -
Q29 | 58 4 I bd cc aa bb bb - cc - bb - aa - bb | bb -
Q29 | 59 1 |lIsolado| bd cc aa bb bb - cc - - - aa - bb | bb -
©30 | 60 1 Il bd cc aa cc bb - cc - bb - aa - bb | bd -
?30 | 61 2 Il dd cc aa bb bb - cc - bb - aa - bb | bb -
Q30 | 62 1 I bd cc aa bb bb - cc - bb - aa - bb | bb -
@30 63 1 I dd cc ab bb bb bb cc - bb - aa - bb bb -
Q31 64 2 I dd cc bb cc bb bb cc - bb - aa ad bb bd -
Q31 65 2 v dd cc bb cc bb bb cc - bb - aa dd bb bd -
Q31 66 1 1Y cd cc bb cc bb bb cc - bb - aa dd bb bd -
932 67 5 VI dd ac - cc bb bb cc - be aa aa ac bb bd -
©33 | 68 | 4 Xl aa cc cc cc bb bb bb - bb - aa aa bb | bd -
©33 | 697" | 1 XIV aa cc cc cc bb bb bb - bb - aa aa bb - -
Q33 | 707" | 1 Xl aa cc cc cc bb bb bb - - - aa aa - bd -
Q33 | 717 | 1 Xl aa cc cc cc bb bb bb - bb - aa - bb | bd -
Q33 | 72 1 |lIsolado | aa cc - cc bb bb bb - - - - - bb | bd -
?33 | 73 1 XIV aa cc cc cc bb bb bb - - - aa aa bb - -
Q33 | 747 | 1 Xl aa cc cc cc bb bb bb - bb - aa - bb | bd -
P34 | 75 5 I dd cc aa dd bb bb cc - bb - aa ad bb | bd -
Q35 76 3 I dd cc aa cc bb bb cc - bb bb aa ac bc bd -
Q35 77 1 |lIsolado| - - aa cc - bb cc - - - aa ac bb - -
Q35 78 1 I dd cc aa cc bb bb cc - bb bb aa - bb bd -
P36 | 79 2 XIV dd - aa cc bb bb cc - bb - aa ad - bd | aa
P36 | 80 1 I dd cc aa cc bb bb cc - bb - aa - bb | bd -
©36 | 81 1 I dd cc aa cc bb bb cc - bb - aa - bb | bd -
936 82 1 |lsolado| dd cc aa cc bb bb cc - bb - aa ad - bd aa
Q37 83 5 I dd cc aa cc bb bb cc - bb - aa ad bb bd -
P38 | 84 5 \% dd cc - cc bb bb cc - bb aa aa cc bb | bd -
37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37

Table 2: Allelic profiles of 84 electrophoretic types (ET; strains) of C. albicans and C. dubliniensis isolated from the oral cavity of patients
presenting a diagnosis of diabetes mellitus and under clinical control, without clinical symptoms of oral candidoses.
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cp c ET Pz SAP cp a ET Pz SAP cp c ET Pz SAP
PL PL PL
Q1 A ET1 1 1 Q9 A ET15 2 2 417 A ET31 1 2
B ET1 1 1 B ET15 2 2 B ET32 1 2
C ET1 1 1 C ET15 2 2 C ET31 1 2
D ET2 1 1 D ET16 2 2 D ET32 1 2
E ET2 1 2 E ET16 2 2 E ET31 2 2
Q2 A ET3 2 1 210 A ET17 2 2 J18 A ET33 2 1
B ET4 2 1 B ET17 1 2 B ET33 2 2
C ET3 2 2 C ET17 1 2 C ET33 2 1
D ETS5 2 2 D ET18 1 2 D ET33 2 1
E ET4 2 2 E ET18 2 2 E ET33 2 2
Q3 A ET6 1 2 Q11 A ET19 1 2 319 A ET34 2 1
B ET6 1 2 B ET19 1 2 B ET34 1 1
C ET6 0 1 C ET20 1 2 C ET35 2 2
D ET7 1 2 D ET20 1 2 D ET36 2 2
E ET7 2 2 E ET20 2 2 E ET35 2 2
Q4 A ETS 2 2 Q12 A ET21 2 2 420 A ET37 1 2
B ET8 2 2 B ET22 2 2 B ET38 2 2
C ET8 1 2 C ET22 2 2 C ET39 1 2
D ET8 1 1 D ET22 2 2 D ET40 2 2
E ET8 2 2 E ET22 2 2 E ET40 1 2
Q5 A ET9 1 2 Q13 A ET23 2 2 d21 A ET41 0 2
B ET9 1 1 B ET24 2 2 B ET41 0 1
C ET9 2 1 C ET24 2 2 C ET41 0 1
D ET9 1 1 D ET24 2 2 D ET41 0 1
E ET9 2 2 E ET24 1 2 E ET41 0 1
Q6 A ET10 2 1 Q14 A ET25 2 2 322 A ET42 1 2
B ET11 2 2 B ET25 2 2 B ET43 1 2
C ET11 1 2 C ET25 2 2 C ET44 1 2
D ET11 1 2 D ET25 2 2 D ET45 1 2
E ET11 1 2 E ET25 1 2 E ET42 1 2
Q7 A ET12 2 2 J15 A ET26 1 2 323 A ET46 1 2
B ET12 2 2 B ET27 1 2 B ET46 2 2
C ET12 2 2 C ET28 1 2 C ET47 2 1
D ET12 2 2 D ET26 1 1 D ET46 2 1
E ET12 2 2 E ET29 1 2 E ET46 2 1
08 A ET13 2 2 J16 A ET30 2 2 324 A ET48 2 2
B ET14 2 2 B ET30 2 2 B ET49 0 2
C ET13 2 2 C ET30 2 2 C ET50 2 1
D ET14 2 2 D ET30 2 1 D ET50 2 2
E ET14 2 2 E ET30 2 2 E ET50 2 2
325 A ET51 2 2 Q30 A ET60 1 2 Q34 A ET75 2 2
B ET51 2 2 B ET61 1 2 B ET75 2 2
C ET51 2 2 C ET62 0 1 C ET75 1 1
D ET51 1 2 D ET61 1 2 D ET75 2 1
E ET51 2 2 E ET62 2 2 E ET75 1 1
326 A ET52 1 2 931 A ET64 2 2 335 A ET76 1 1
B ET52 1 2 B ET65 2 2 B ET77 0 1
C ET52 2 2 C ET65 1 2 C ET78 0 1
D ET52 1 2 D ET64 1 1 D ET76 1 1
E ET52 2 2 E ET66 2 2 E ET76 1 1
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427 A ET53 1 2 Q32 A ET67 1 2 436 A ET79 2 2
B ET53 2 2 B ET67 2 2 B ET80 2 2
C ET54 1 2 C ET67 1 2 C ET79 2 2
D ET53 2 2 D ET67 2 2 D ET81 2 2
E ET53 1 2 E ET67 1 2 E ET82 1 2

Q28 A ET55 1 1 Q33 A” ET68 2 2 437 A ET83 2 2
B ET56 1 1 B ET68 2 2 B ET83 2 2
C ET56 1 1 cr ET68 1 1 C ET83 1 1
D ET56 1 1 D ET68 1 1 D ET83 1 1
E ET57 1 2 E™ ET69 2 2 E ET83 2 2

Q29 A ET58 2 1 F ET70 1 2 338 A ET84 1 2
B ET58 2 1 G” ET71 0 2 B ET84 0 2
C ET59 2 2 H ET72 0 2 C ET84 0 2
D ET58 2 2 | ET73 2 2 D ET84 2 2
E ET58 2 2 7 ET74 0 2 E ET84 0 2

CP: Code of Patient; Cl: Code of Isolate; ET: Electrophoretic Type. *Pz=1: absence of enzymatic activity (index 0); 1>Pz 2 0.64: positive enzymatic

activity (index 1); and Pz<0.64: strongly positive enzymatic activity (Index 2). ** Isolates identify as C. dubliniensis.

Table 3: Exoenzyme activities in vitro profile (Pz) of Secreted Aspartyl Proteinases (SAPs) and phospholipases (PLs) of 189 C. albicans isolates (n ETs)
and 6 C. dubliniensis isolates (n ETs) from the oral cavity of diabetic patients under clinical control and without clinical symptoms of oral candidoses.

Virulence profile in vitro (SAPs and PLs)

A total of 189 C. albicans isolates (100%) showed positive
activities for secreted aspartyl proteinases (SAPs). Indices 1 and 2
were observed in 46 (24.3%) and 143 (75.7%) C. albicans isolates,
respectively. Pz values ranged from 0.33 to 0.88 (mean of 0.58 +
0.19). A total of 175 C. albicans isolates (92.6%) showed positive
activities for phospholipases (PLs). Indices 1 and 2 were observed
in 74 (39.2%) and 101 (53.4%) C. albicans isolates, respectively.
Pz values ranged from 0.56 to 1.00 (mean of 0.72 + 0.29). A total
of 6 C. dubliniensis isolates (100%) showed positive activities for
SAPs. Indices 1 and 2 were observed in 1 (16.7%) and 5 (83.3%)
C. dubliniensis isolates, respectively. Pz values ranged from 0.26
to 0.91 (mean of 0.55 *+ 0.22). A total of 4 C. dubliniensis isolates
(66.7%) showed positive activities for PLs. Indices 1 and 2 were
observed in 2 (33.3%) and 2 (33.3%) C. dubliniensis isolates,
respectively. Pz values ranged from 0.53 to 1.00 (mean of 0.76 *
0.20) (Table 3).

Discussion

A high incidence (83.3%) of oral colonization by Candida species
was observed in patients diagnosed with diabetes mellitus
(mean of 60 + 10 years), with blood glucose level controlled and
without clinical manifestation of oral candidiasis, coming from
the Health Care Units of the Family Health Program (Ministry of
Health, Brazil), Limeira city, Sdo Paulo state, Brazil. The Candida
species was greatly prevalent (70.4%) among the preliminarily
isolated species (C. albicans, C. tropicalis, C. krusei and Candida
sp.) and characterized by microbiological tests (C. albicans and
C. dubliniensis). The majority of these patients showed oral
monocolonization by C. albicans, that is, around 50% of the
patients were colonize exclusively by C. albicans, whereas about
20% were multicolonized by C. albicans and other species and
near 12% were colonize by the C. non-albicans species. The C.
dubliniensis species was identified in the oral cavity of one

© Under License of Creative Commons Attribution 3.0 License

diabetic patient (933) and associated with C. albicans, being
that both species were found in high concentration. There was
no visible difference in the incidence of oral colonization by
the Candida species among the male and female patients. The
density of the oral colonization of each Candida species ranged
differently (2350 ou?350 UFC/mL) among the diabetic patients,
despite the clinical signs and symptoms of oral candidiasis been
nonexistent. The gathered information on oral colonization by
Candida species in diabetic patients with controlled blood sugar
and asymptomatic, regarding candidiasis disease, are aligned
with the researches which demonstrates that the abundance of
the species in the oral cavity without necessarily having clinical
manifestation of candidiasis [18,30,31]. Additionally, clinical
sampling methods, which consists in the use of appropriate
oral rinse followed by proper care and transport, can be aligned
with the microorganism colonization results of high density.
The clinical sampling method used in the present research has
been considered appropriate and passive for the isolation and
characterization of the oral yeasts [18,32]. Many studies point
the high frequency of the Candida species in diabetic patients
with blood sugar level controlled or systemic condition and
comorbidity. The C. albicans species has been noted to be
extremely present in the oral cavity of these patients, whether
it be in monocolonization or in association with other species of
the same genus (C. dubliniensis, C. glabrata, C. guilliermondii, C.
kefyr, C. krusei, C. lipolytica, C. metapsilosis, C. orthopsilosis, C.
parapsilosis, C. stellatoidea and C. tropicalis) [30,33-371].

The typing by the MLEE method and the genetic interpretation of
the isoenzyme patterns of C. albicans (n=189) and C. dubliniensis
(n=6)clinicalisolates revealed 84 electrophoretic types (ETs; 43.1%
ofthetotalisolates) and monoclonality or polyclonality (i.e., two or
more ETs colonizing the same patient) in the colonization profiles
by the C. albicans (and in a smaller proportion and incidence for
the C. dubliniensis species) in the oral cavity of diabetic patients.
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However, identical ETs were not observed colonizing two or more
intra-family unrelated diabetic patients. These results suggest a
high genetic diversity in the C. albicans population isolated from
oral cavity of the diabetic patients, which is also associated to
a mono or polyclonal oral colonization standard. Furthermore,
this information instigates an idea of an intrapersonal genotypic
identity (i.e., exclusive yeast genotypes in each diabetic patient)
associated to C. albicans strains possibly selected or better
adapted in the oral ecological niches. This method demonstrated
a high reproducibility value (i.e., data were reproducible
on different gels after three repetitions of each assay) and
discriminatory power (i.e., index of discrimination or Simpson’s
diversity index equal to 0.988). The Simpson’s diversity index has
been suggested to the methodological and discriminatory studies
involving the genotypic and phenotypic typing of the C. albicans.
The results found in the present research about the MLEE method
and the epidemiological studies substantiate with other findings
in existing literature [17-21]. In addition, the diversity patterns
of the population based on C. albicans clinical isolates (i.e., the
percentage index of polymorphic loci, the average number of
alleles per locus, the average number of polymorphic alleles
per locus, the number of heterozygous and homozygous alleles,
and the heterozygosity of each locus) were consistent with
their diploid nature and compatible with other epidemiological
studies involving C. albicans and immunocompetent and
immunocompromised patients [16,17,19-21].

The genetic relationship analyses of the C. albicans clinical isolates
population using the Nei’s statistic dij, the SAHN clustering
method (UPGMA algorithm) and the dendrogram (rjk=0.89763;
considered as good fit), revealed a variation from zero to 0.3683,
that is, on average, the population of clinical isolates showed
from zero to 36.8 allelic substitutions for every 100 loci from a
common ancestor (dij mean equal to 0.049 + 0.077). A total of
18 clusters (I to XVIII) and 7 taxa (A to G) were identified, being
the taxon A consisting of a greater number of isolates (74.8%),
strains (71.4%), clusters (44.4%) and patients (55.5%), followed
by the D, E, F, G, C, B taxa and other ETs not grouped in taxon.
The clusters identified in the dendrogram exhibited high or low
frequency of isolates of C. albicans. Each cluster comprised
identical isolates (dij=0; isolates belonging to a given ET) and/or
highly related isolates (0.049 > dij > 0) coming from (i) diabetic
patients epidemiologically unrelated, regardless of gender (male
and female) or of characteristics of the opportunistic pathogen
(i.e., exoenzymes production), and (ii) a same diabetic patient.
These findings reinforce the hypothesis of high genetic diversity
among the C. albicans population isolated from the oral cavity of
diabetic patients with blood sugar controlled and without clinical
manifestations of candidiasis. Furthermore, it also suggests
that the majority of these patients share highly related strains,
however not genetically identical. Events of direct or indirect
transmissibility of C. albicans strains among individuals could be
involved, as well as microevolutionary process would potentially
result in strains better adapted to adverse conditions in diabetic
patients [19,22]. On the other hand, some diabetic patients may
harbor C. albicans strains genetically related to those strains
most commonly dispersed in the diabetic patient population. In
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addition to the high discriminatory power and reproducibility,
MLEE has been considered an excellent method of fingerprinting
in the epidemiological tracing of human fungal infections,
especially involving Candida species, and represents a valuable
complement to current molecular typing methods. Additionally,
MLEE provides information such as identification of the same
strain in independent isolates, identification of microevolutionary
changes in a strain (i.e., highly related but not identical isolates),
clustering of moderately related isolates, and identification of
completely unrelated isolates [14,15,17,19,21,22].

Proteolytic or lipolytic exoenzymes seem to play an important
role in pathogenicity of Candida species. The occurrence of the
SAP expression was observed in all clinical isolates of C. albicans
and C. dubliniensis, being the index 2 (strongly positive enzymatic
activity) highly frequent (C. albicans: 75.7%; C. dubliniensis:
83.3%). The PLs expression was observed in the majority of the
clinical isolates of C. albicans (92.6%) and C. dubliniensis (66.7),
being the index 1 and 2 variably expressive (C. albicans: 53.4%; C.
dubliniensis: 33.3%). No correlation was observed between the
exoenzyme activity profiles (SAPs e PLs) and C. albicans strains,
clusters of highly related C. albicans strains and gender of diabetic
patient (male or female). These findings corroborate with several
studies in the literature about the exozyme expression profiles
(SAPs e PLs) of clinical isolates of C. albicans and its fingerprinting
profiles and genetic relationship patterns, the patient’s clinical
characteristics such as the diabetes mellitus [38], caries-free and
caries-active healthy children [39], periodontal pocket, gingival
sulcus and oral mucosa [40], patients diabetic and non-diabetic
[18] and vaginal candidiasis [21].

Conclusion

In the present research, a high incidence of Candida species,
specially C. albicans strains genetically diversified and potentially
virulent (elevated expression of SAPs and PLs exoenzymes),
was found in the oral cavity of diabetic patients under glycemic
control and without clinical manifestations of oral candidiasis,
with unique colonization patterns or mixed (two or more Candida
species) and regardless of the patient’s gender. There are major
important preventive measures that diabetic patients can take to
prevent infection by Candida species and its consequences for
health and well-being. Nevertheless, in eventual cases of clinical
manifestations of oral candidiasis in this group of patients, these
findings (monocolonization and multicolonization patterns by
Candida species) apprise a broad-spectrum of antifungal therapy,
since some species of Candida may have intrinsic resistance
to certain antifungals. In addition, is it extremely important to
offer a combined treatment that gathers de service of health
professionals such as doctors and dental surgeons to provide a
better quality of life for the patients.

The MLEE typing of C. albicans and C. albicans. C. krusei, C.
tropicalis C. dubliniensis demonstrates high reproducibility and
discriminatory power. The population of oral clinical isolates of
C. albicans has high genetic diversity and mono or polyclonal
colonization patterns, possibly associated with an intrapersonal
genotype identity (genotypes exclusive of diabetic patients).

This article is available in: https://www.acmicrob.com/



Different clusters (moderately related or genetically related a part
from one another) with variable frequencies of clinical isolates or
strains (ETs) of C. albicans are identified by the genetic relationship
analysis. Clinical isolates clustered (highly related and/or identical
isolates) suggest that most of the intra-family unrelated diabetic
patients share highly related strains, but not genetically identical,
regardless of the patient’s gender. Less frequently, clusters of
highly related clinical isolates of C. albicans and/or C. dubliniensis
are found exclusively in some diabetic patients, possibly due to
being more adapted and/or selected to the host’s intrinsic oral
conditions.

Acknowledgments

We are grateful to the subjects who participated in this research.
The authors would like to the Coordination for the Improvement
of Higher Education Personnel (CAPES) for the PhD scholarship of
the graduate program in Oral Biology, Piracicaba Dental School,
University of Campinas (FOP/UNICAMP).

Funding

This research was supported by Fundagdo de Amparo a Pesquisa
do Estado de S3o Paulo — FAPESP (process no. 05/50673-5).

Conflicts of Interest

The authors declare no competing interests.

References

1. Zimpel B, Silva G, Naressl J, Seibt L, Neto-Nascimento V, et al. (2017)
Diabéticos : Uma abordagem odontoldgica. Rev Saude Integr 10.

2. Alves C, Andion J, Branddo M, Menezes R (2007) Mecanismos
patogénicos da doenca periodontal associada ao diabetes melito.
Arq Bras Endocrinol Metabol 51: 1050-1057.

3. Quirino M, Birman E, Paula C, Gambale W, Corréa B, et al. (1994)
Distribution of oral yeasts in controlled and uncontrolled diabetic
patients. Rev Microbiol 25: 37-41.

4. Brownlee M, Cerami A, Vlassara H (1988) Advanced glycosylation
end products in tissue and the biochemical basis of diabetic
complications. N Engl J Med 318: 1315-1321.

5. Vartitarian S, Smith CB (1993) Pathogenesis: host resistance
and predisponing factors. In: Raven Press, editor. Candidiasis
Pathogenesis, diagnosis and treatment. 2nd ed. New York. p. 59-84.

6. Belazi M, Velegraki A, Fleva A, Gidarakou |, Papanaum L, et al. (2005)
Candidal overgrowth in diabetic patients: Potential predisposing
factors. Mycoses 48: 192-196.

7. Balan P, Babu SG, Sucheta KN, Shetty SR, Rangare AL, et al. (2014)
Can saliva offer an advantage in monitoring of diabetes mellitus? A
case control study. J Clin Exp Dent 6: e335-e338.

8. Singh N, Agrawal R, Nair PP, Sargaiyan V, Bhushan P, et al. (2014)
Comparison of salivary and plasma glucose level in Type Il diabetic
patients. J Res Adv Dent 31: 263-268.

9. Lasisi TJ, Fasanmade AA (2012) Comparative analysis of salivary
glucose and electrolytes in diabetic individuals with periodontitis.
Ann |Ibadan Postgrad Med 10: 25-30.

© Under License of Creative Commons Attribution 3.0 License

2020

Archives of Clinical Microbiology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

Vol. 11 No. 6: 128

Casqueiro J, Casqueiro J, Alves C (2012) Infections in patients with
diabetes mellitus: A review of pathogenesis. Indian J Endocrinol
Metab 16 Suppl 1: S27-536.

Giudice G, Cutrignelli DA, Sportelli P, Limongelli L, Tempesta A, et al.
(2016) Rhinocerebral mucormycosis with orosinusal involvement:
Diagnostic and surgical treatment guidelines. Endocr Metab Immune
Disord Drug Targets 16: 264-269.

Minea B, Nastasa V, Moraru RF, Kolecka A, Flonta MM, et al. (2015)
Species distribution and susceptibility profile to fluconazole,
voriconazole and MXP-4509 of 551 clinical yeast isolates from a
Romanian multi-centre study. Eur J Clin Microbiol Infect Dis 34: 367-
383.

Man A, Ciurea CN, Pasaroiu D, Savin A-l, Toma F, et al. (2017) New
perspectives on the nutritional factors influencing growth rate of
Candida albicans in diabetics. An in vitro study. Mem Inst Oswaldo
Cruz 112: 587-592.

Abbes S, Amouri |, Sellami H, Sellami A, Makni F, et al. (2010) A
review of molecular techniques to type Candida glabrata isolates.
Mycoses 53: 463-467.

Arnavielhe S, De MeeUs T, Blancard A, Mallié¢ M, Renaud F, et al.
(2000) Multicentric genetic study of Candida albicans isolates from
non-neutropenic patients using MLEE typing: population structure
and mode of reproduction. Mycoses 43: 109-117.

Boriollo MFG, Rosa EAR, Bernardo WL de C, Spolidorio DMP,
Gongalves RB, et al. (2005) Multilocus enzyme electrophoresis
typing of Candida albicans populations isolated from healthy children
according to socioeconomic background. Rev Bras Epidemiol 8: 51-
66.

Boriollo M, Rosa E, Gongalves R, Hofling J (2006) Parity among
interpretation methods of MLEE patterns and disparity among
clustering methods in epidemiological typing of Candida albicans. )
Microbiol Methods 64: 346-365.

Boriollo M, Bassi R, dos Santos Nascimento CMG, Feliciano LM,
Francisco SB, et al. (2009) Distribution and hydrolytic enzyme
characteristics of Candida albicans strains isolated from diabetic
patients and their non-diabetic consorts. Oral Microbiol Immunol
24: 437-450.

Boriollo MFG, Dias RA, Fiorini JE, Oliveira NMS, Spolidério DMP, et
al. (2010) Disparity between multilocus enzyme electrophoresis,
microsatellite markers and pulsed-field gel electrophoresis in
epidemiological tracking of Candida albicans. J Microbiol Methods
82:265-281.

Pujol C, Joly S, Lockhart SR, Noel S, Tibayrenc M, et al. (1997)
Parity among the randomly amplified polymorphic DNA method,
multilocus enzyme electrophoresis, and Southern blot hybridization
with the moderately repetitive DNA probe Ca3 for fingerprinting
Candida albicans. J Clin Microbiol 35: 2348-2358.

Santos PO, Melo JO, Ponzzes CMPBS, Alves JAB, de Melo DLFM,
et al. (2012) Multilocus enzyme electrophoresis analysis and
exoenzymatic activity of Candida albicans strains isolated from
women with vaginal candidiasis. Mycoses 55: 64-72.

Soll DR (2000) The ins and outs of DNA fingerprinting the infectious
fungi. Clin Microbiol Rev 13(2):332-370.

. Samaranayake LP, MacFarlane TW, Lamey PJ, Ferguson MM (1986)

A comparison of oral rinse and imprint sampling techniques for the
detection of yeast, coliform and Staphylococcus aureus carriage in

10



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

the oral cavity. J Oral Pathol 15: 386-388.

Silva JJ, Silva TA, Almeida H, Rodrigues Netto MF, Cerdeira CD, et al.
(2018) Candida species biotypes in the oral cavity of infants and
children with orofacial clefts under surgical rehabilitation. Microb
Pathog 124: 203-215.

Pinjon E, Sullivan D, Salkin I, Shanley D, Coleman D (1998) Simple,
inexpensive, reliable method for differentiation of Candida
dubliniensis from Candida albicans. ) Clin Microbiol 36: 2093-2095.

Mosca CO, Moragues MD, Llovo J, Al Mosaid A, Coleman DC, et al.
(2003) Casein agar: a useful medium for differentiating Candida
dubliniensis from Candida albicans. ) Clin Microbiol 41: 1259-1262.

Nei M (1972) Genetic Distance between Populations. Am Nat 106:
283-292.

Nei M (1987) Molecular Evolutionary Genetics. Columbia University
Press.

Price MF, Wilkinson ID, Gentry LO (1982) Plate method for detection
of phospholipase activity in Candida albicans. Med Mycol 20: 7-14.

Shenoy MP, Puranik RS, Vanaki SS, Puranik SR, Shetty P, et al. (2014)
A comparative study of oral candidal species carriage in patients
with typel and type2 diabetes mellitus. J Oral Maxillofac Pathol 18:
S60-S65.

Soysa NS, Samaranayake LP, Ellepola ANB (2006) Diabetes mellitus
as a contributory factor in oral candidosis. Diabet Med 23: 455-459.

Samaranayake LP (1990) Oral candidosis: An old disease in new
guises. Dent Update 17): 36-38.

Balan P, Gogineni S, Kumari NS, Shetty V, Lakshman Rangare A, et al.
(2015) Candida Carriage rate and growth characteristics of saliva in
diabetes mellitus patients: A case-control study. J Dent Res Dent Clin
Dent Prospects 9: 274-279.

© Under License of Creative Commons Attribution 3.0 License

2020

Archives of Clinical Microbiology

34.

35.

36.

37.

38.

39.

40.

Vol. 11 No. 6: 128

Benedetti VP, Savi DC, Aluizio R, Adamoski D, Kava-Cordeiro V, et al.
(2016) Analysis of the genetic diversity of Candida isolates obtained
from diabetic patients and kidney transplant recipients. Mem Inst
Oswaldo Cruz 7.

Bremenkamp RM, Caris AR, Jorge AOC, Back-Brito GN, Mota AJ, et al.
(2011) Prevalence and antifungal resistance profile of Candida spp.
oral isolates from patients with type 1 and 2 diabetes mellitus. Arch
Oral Biol 56: 549-555.

Javed F, Ahmed HB, Mehmood A, Saeed A, Al-Hezaimi K, et al. (2014)
Association between glycemic status and oral Candida carriage
in patients with prediabetes. Oral Surg Oral Med Oral Pathol Oral
Radiol 117:53-58.

Pontes CS (2016). Avaliagdo da prevaléncia e do perfil de viruléncia
de Candida spp. bucais isoladas de pacientes portadores de doenga
periodontal e diabetes tipo 2. Universidade Federal Do Amazonas.

M, McCullough MJ, Al-Karaawi ZM, Vescovi P, Porter SR (2006)
Analysis of the strain relatedness of oral Candida albicans in
patients with diabetes mellitus using polymerase chain reaction-
fingerprinting. Oral Microbiol Immunol 21: 353-359.

Mardegan RC, Klein MI, Golvea MB, Rodrigues JAO, Gongalves RB,
et al. (2006) Biotyping and genotypic diversity among oral Candida
albicans strains from caries-free and caries-active healthy children.
Brazilian J Microbiol 37: 26-32.

Barros LM, Boriollo MFG, Alves ACBA, Klein MlI, Gongalves RB, et
al. (2008) Genetic diversity and exoenzyme activities of Candida
albicans and Candida dubliniensis isolated from the oral cavity of
Brazilian periodontal patients. Arch Oral Biol 53: 1172-1178.

1"



