
Candida albicans (Ascomycota; Saccha-
romycetales) and related species are oppor-
tunistic pathogens that cause infections
ranging from simple mucocutaneous
disorders to invasive diseases involving
multiple organs. The frequency of such

infections has increased worldwide as the
result of a multiplicity of predisposing
factors which include procedures that
disrupt the integrity of the mucocutaneous
barrier, qualitative and quantitative neutro-
phil dysfunction, cell-mediated immuno-

deficiency, extreme age, and metabolic
disorders such as, diabetes mellitus (38,
46, 48). Diabetic patients exhibit high
susceptibility to Candida species, mainly
C. albicans (17, 23, 57, 62, 63), and other
fungal infections (4, 60). However, not all
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Introduction: The aim of this study was to investigate the oral colonization profile of
Candida albicans strains isolated from diabetic patients and their non-diabetic consorts.
In addition hydrolytic enzyme activity of these isolates was analysed.
Methods: The genetic diversity of C. albicans oral isolates from 52 couples was
established using isoenzyme marker and cluster analysis. Hydrolytic enzyme character-
istics, namely secreted aspartyl proteinases (SAPs) and phospholipases (PLs) were also
analysed.
Results: Simultaneous colonization by C. albicans was observed in the consorts of 12
couples (23.1%). Patterns of monoclonal and polyclonal oral colonization by C. albicans
strains were identified and the coexistence of identical or highly related strains was
observed in both members of eight couples. The genetic diversity observed in the total
yeast population revealed four large, genetically distinct groups (A to D) and the
coexistence of strains in couples or consorts conjugally unrelated. SAP and PL activity
was observed in the majority of C. albicans isolates without any association to particular
strain, strain clusters (highly related isolates), or clinical characteristics of the consorts
(diabetic, non-diabetic, and gender).
Conclusion: Possible sources of transmission and oral propagation of groups (clusters) of
strains of C. albicans can occur between diabetic and non-diabetic consorts. A conjugal
genotypic identity exists in most C. albicans-positive couples, that is, both consorts share
identical or highly related strains; however, this identity is not couple-specific as seen by
the coexistence of clusters in couples and unrelated consorts.
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diabetic patients present fungal infections
or any signs or symptoms associated with
such infections (9). On the other hand,
Candida species can be found commen-
sally in the microbiota of human cavities
(rectal, oral, vaginal, urethral, nasal, and
aural) and on skin (50). Their presence in
the microbiota of healthy people remains
unexplained. However, nutritional factors,
interactions with bacterial microbiota, and
the presence of salivary antibodies have
been suggested as influences in the inci-
dence of these yeasts (55).
Interest in acquiring a better understand-

ing of the pathogenesis, epidemiology,
genetics, and evolution of C. albicans
infections has led to the development of
much research that has used various
methods of protein and DNA finger-
printing. Despite extensive laboratory
work, multilocus enzyme electrophoresis
(MLEE) has been shown to be an excellent
genotypic fingerprinting method for fungal
infections, simultaneously it provides
information at all resolution levels (i.e.
identification of the same strain in inde-
pendent isolates, identification of micro-
evolutionary changes in a strain – highly
related but not identical isolates, clustering
of moderately related isolates, and identi-
fication of completely unrelated isolates)
(53). This information has been used in
epidemiological tracing, which allows a
better understanding of epidemic develop-
ment, and represents a valuable comple-
ment to the current methods of molecular
typing. In addition, MLEE has been con-
sidered a typing method with high dis-
criminatory power and reproducibility (6,
7, 18, 41).
In this study, we evaluated the oral

colonization profile of Candida species,
mainly C. albicans, in both diabetes mell-
itus patients under clinical control and
their respective non-diabetic consorts. The
genetic relationship and distribution of
C. albicans strains, and some Candida
dubliniensis strains, found exclusively in
one male diabetic patient, were determined
by isoenzyme markers and cluster analy-
ses. Finally, the hydrolytic enzyme char-
acteristics of these yeast isolates were
evaluated by tests for secreted aspartyl
proteinase (SAP) and phospholipase (PL)
in specific microbiological culture media.

Materials and methods

Subjects

Two couples (two women and two men)
and 50 subjects (15 women and 35 men)
with a diagnosis of clinical diabetes mell-
itus, registered at the Family Health Pro-

gram [Programa de Saúde da Famı́lia
(PSF), Ministry of Health, http://www.
saude.gov.br], of the municipality of Lime-
ira, State of São Paulo, Brazil, and their
respective, clinically non-diabetic consorts
(15 men and 35 women) were selected
(30–79 years of age, mean 60 ± 10 years).
Clinical symptoms of oral candidosis were
absent for all subjects. Subjects with the
following conditions were included in the
study: over 18 years of age, not having
taken antifungal medication or antibiotics
within the 10 weeks before sample collec-
tion, non-pregnant women and non-xeros-
tomic subjects (i.e. patients should produce
3–5 ml of non-stimulated saliva within
15 mins) (19). This investigation was
carried out in accordance with Resolution
no. 196/1996 of the Conselho Nacional
de Saúde (http://conselho.saude.gov.br/
comissao/conep/resolucao.html) and ap-
proved by the FOP/UNICAMP Committee
of Ethics in Research (protocol no. 123/
2005).

Oral samples

The subjects were given 50 ml polypropyl-
ene tubes containing 10 m sterile phos-
phate-buffered saline (PBS) (10 ml NaCl;
0.1 m NaH2PO4, pH 7.2) and asked to wash
their mouths for 1 min in the presence of a
physician. The tubes were then centrifuged
at 1700 g (REVAN Centrı́fuga Ciclo I,
Marconi Equipamentos para Laboratórios
Ltda,Piracicaba, SP, Brazil) for 10 min, and
the sediments were resuspended in sterile
PBS (volume similar to that of salivary
secretions). The sediments were then trans-
ferred to 1.5 ml Eppendorf tubes and agi-
tated by vortex for 30 s (47). Aliquots
(50 ll) from each sample were inoculated
onto plates containing chromogenic med-
ium CHROMagar CandidaTM (Probac do
Brasil Produtos Bacteriológicos Ltda, São
Paulo, SP, Brazil), and aerobically incu-
bated at 37�C for 48 h (19, 36).

Identification of C. albicans

The preliminary identification of C. albi-
cans and C. dubliniensis oral isolates was
effected based on the green color of the
colonies on the chromogenic media. The
number of colorimetrically distinct colony-
forming units (high index >350 CFU/ml
<low index) (19) and the Candida species
diversity were determined (53). Between
10 and 25 green colonies per sample were
randomly selected and subcultured on
Sabouraud dextrose neutral inclined agar
(Emmons’ modification: 2% glucose; 1%
peptone. 2% agar; pH 6.8–7.0) at 37�C for

24–48 h to obtain pure cultures (22).
C. albicans identification was confirmed
with two tests: (i) colony growth on
Sabouraud dextrose agar medium (Em-
mons’ modification) at 42�C and/or 45�C
for 24–48 h (39); and (ii) absence of
abundant chlamydospore production on
the casein agar medium after 24�C for
48 h (32). As the result of the presence of
light and dark green colonies on the
CHROMagarTM Candida medium, initially
suggestive of C. albicans and C. dublini-
ensis, respectively (21, 42, 43), it was
considered insufficient to identify these
two species in primary cultures (59). Based
on oral colonization patterns by multiple
C. albicans strains observed in various
immunocompetent and immunosuppressed
patients, the genotypes of several C. albi-
cans oral isolates (n = 5) per subject were
assessed by isoenzymatic markers (53).

Enzyme extraction

Yeast cultures were grown in flasks con-
taining 50 ml YEPD medium [1% (weight/
volume; W/V) yeast extract, 2% (W/V)
peptone and 2% (W/V) d-glucose] at 37�C
for 18 h, under constant agitation at
150 r.p.m. (Incubator with Orbital Agita-
tion Platform – Shaker model 430, Nova
Ética, Vargem Grande Paulista, São Paulo,
Brazil). After growth, cells were centri-
fuged at 3000 g for 5 min and washed
twice in 0.9% (W/V) NaCl, submitting
each wash to the same centrifugal force.
Pellets (� 500 ll) were transferred to 2-ml
microtubes (Biospec Products, Inc.,
Bartlesville, OK) containing cold, distilled
water (approximately 8�C) and glass beads
(1 : 1 : 1). These mixtures were kept on
ice (4�C) for 5 min and afterwards were
agitated four times in a BeadBeater
machine (Biospec Products, Inc.) at
4200 r.p.m. for 30 s, at 1-min intervals.
Cell fragments were centrifuged at 5000 g
at 4�C for 5 min. The resulting upper
aqueous phase was applied to Whatman n3
filter papers (wicks), 12 · 5 mm in size,
and maintained at )70�C until use (7).

Multilocus Enzyme Electrophoresis (MLEE)

Enzymes were separated in 13% starch
gels (Penetrose 30�; Refinações de Milho
Brasil Ltda, Garanhuns, Brazil), with
dimensions of 200 · 120 · 10 mm.
Wicks were then immediately soaked in
5 ll (0.02% W/V) bromophenol-blue solu-
tion and then applied perpendicularly to a
gel cut longitudinally (20 mm). Electro-
phoresis was performed in a horizontal and
continuous system, at 130 V at 4�C over-
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night (bromophenol-blue migration equiv-
alent to 80 mm). To ensure reproducible
results, the C. albicans CBS-562 enzymes
(Centralbureau voor Schimmelcultures,
Delft, the Netherlands) were included in
each gel. After the electrophoretic run, the
gel was put on an acrylic base and sliced
into 1.5-mm sections with the aid of rulers
and n15 nylon thread. The sections were
carefully placed inside white porcelain
containers and submitted to a staining
process using previously described meth-
ods for 11 enzymes (14 enzyme loci) (2,
7). The enzymatic activities determined
were: alcohol dehydrogenase (ADH; EC
1.1.1.1), sorbitol dehydrogenase (SDH;
EC 1.1.1.14), mannitol-1-phosphate dehy-
drogenase (M1P; EC 1.1.1.17), malate
dehydrogenase (MDH; EC 1.1.1.37), iso-
citrate dehydrogenase (IDH; EC 1.1.1.42),
glucose dehydrogenase (GDH; EC
1.1.1.47), glucose-6-phosphate dehydroge-
nase (G6PDH; EC 1.1.1.49), aspartate
dehydrogenase (ASD; EC 1.4.3.x), cata-
lase (CAT; EC 1.11.1.5), peroxidase (PO;
EC 1.11.1.7), and leucine aminopeptidase
(LAP; EC 3.4.1.1) (Table 1). Enzymatic
expressions of M1P and MDH showed
two and three genetically interpretative
loci (M1p-1 and M1p-2; Mdh-1, Mdh-2,
and Mdh-3).

Genetic interpretation of the MLEE patterns

Pattern interpretation was performed
following the general rules commonly
accepted in the deduction of the allelic
composition and of the genotype of diploid
organisms. The bands on the gels were
alphabetically classified in order of
decreasing mobility, and the corresponding
alleles were alphabetically classified using
the same nomenclature. Lack of demon-
strable activity for an enzyme was scored
as two null alleles at the corresponding
gene locus. Each unique combination of
alleles over the 14 enzyme loci examined
results in an electrophoretic type (ET) –
subtype or strain (2, 7, 37).

Cluster analyses

The statistic of Nei (35) was used to
estimate the genetic distance among the
isolates of C. albicans: dij = )In(I), where
I is the normalized identity of genes
between two populations (range from 0
to infinity), a measure of genetic distance
based on the identity of genes (frequency
of alleles for all loci, including monomor-
phic loci) among populations. This genetic
distance measures the accumulated allele
differences per locus, and it can also beTa

bl
e
1.

S
ys
te
m
s
an
d
so
lu
ti
on
s
ut
il
iz
ed

fo
r
m
ul
ti
lo
cu
s
en
zy
m
e
el
ec
tr
op
ho
re
si
s
an
al
ys
is
fr
om

m
et
ab
ol
ic

en
zy
m
es

of
C
an

di
da

al
bi
ca
ns

E
nz
ym

e
E
C
nu

m
be
r

N
am

e
S
ym

bo
l

C
om

po
un

d
fo
r
st
ai
ni
ng

su
bs
tr
at
e

B
uf
fe
r

S
al
t

C
oe
nz
ym

e
D
ye

ca
ta
ly
se
r

1.
1.
1.
1.

A
lc
oh

ol
de
hy
dr
og

en
as
e

A
D
H

E
th
an
ol

(3
m
l)
Is
op
ro
pa
no
l

(2
m
l)

20
0
m

m
T
ri
s–
H
C
l
pH

8.
0
(5
0
m
l)
1

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
14

.
S
or
bi
to
l
de
hy

dr
og

en
as
e

S
D
H

S
or
bi
to
l
(2
50

m
g)

T
ri
s–
H
C
l
50

m
m

pH
8.
0
(5
0
m
l)
2

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
17

.
M
an
ni
to
l-
1-
ph

os
ph
at
e

de
hy
dr
og

en
as
e

M
1P

M
an
ni
to
l-
1-
ph
os
ph
at
e
(5

m
g)

T
ri
s–
H
C
l
10
0
m

m
pH

8.
5
(5
0
m
l)
3

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
37

.
M
al
at
e
de
hy

dr
og

en
as
e

M
D
H

2
m

M
al
ic

ac
id

(6
m
l)
4

T
ri
s–
H
C
l
20

0
m

m
pH

8.
0
(4
0
m
l)
1

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
42

.
Is
oc
it
ra
te

de
hy
dr
og

en
as
e

ID
H

1
m

Is
oc
it
ri
c
ac
id

(2
m
l)
5

T
ri
s–
H
C
l
20

0
m

m
pH

8.
0
(4
0
m
l)
1

10
0
m

m
M
gC

l 2
(1

m
l)

6
N
A
D
P
1%

(1
m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
47

.
G
lu
co
se

de
hy

dr
og

en
as
e

G
D
H

d
-g
lu
co
se

(5
00

m
g)

T
ri
s–
H
C
l
20

0
m

m
pH

8.
0
(5
0
m
l)
1

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
1.
1.
49

.
G
lu
co
se
-6
-p
ho

sp
ha
te

de
hy
dr
og

en
as
e

G
6P

D
H

G
lu
co
se
-6
-p
ho
sp
ha
te

di
so
di
um

sa
lt
(1
00

m
g)

T
ri
s–
H
C
l
20

0
m

m
pH

8.
0
(5
0
m
l)
1

10
0
m

m
M
gC

l 2
(1

m
l)

6
N
A
D
P
1%

(1
m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
4.
3.
x.

A
sp
ar
ta
te

de
hy
dr
og

en
as
e

A
S
D

A
sp
ar
ti
c
ac
id

(5
0
m
g)

S
od
iu
m

ph
os
ph

at
e
pH

7.
0
(5
0
m
l)
7

N
A
D

1%
(2

m
l)

P
M
S
1%

(5
00

ll
)
M
T
T
1.
25
%

(1
m
l)

1.
11
.1
.6
.

C
at
al
as
e8

C
A
T

1.
11
.1
.7
.

P
er
ox
id
as
e

P
O

H
2
O
2
3%

(1
m
l)

10
0
m

m
S
od
iu
m

ac
et
at
e
pH

4.
5

(5
0
m
l)
9

o-
di
an
is
id
in
e
2H

C
l
(1
6
m
g)

3.
4.
11
.1
.

L
eu
ci
ne

am
in
op

ep
ti
da
se

L
A
P

l
-l
eu
ci
ne

b-
na
ph

th
yl
am

id
e

H
C
l
(3
0
m
g)

10
0
m

m
P
ot
as
si
um

ph
os
ph

at
e

pH
5.
5
(5
0
m
l)
1
0

10
0
m

m

M
gC

l 2
(1

m
l)
6

B
la
ck

K
(3
0
m
g)

E
le
ct
ro
de

bu
ff
er
:T

ri
s–
ci
tr
at
e
pH

8.
0
[8
3.
2
g
C
4
H
1
1
N
O
3
(T
ri
s)
,3
3.
09

g
C
6
H
8
O
7
.H

2
O
(C
it
ri
c
ac
id
),
1
li
tr
e
H
2
O
];
G
el
bu
ff
er
:E

le
ct
ro
de

bu
ff
er
di
lu
te
d
1
:
29
.1
24

.2
g
C
4
H
1
1
N
O
3
(T
ri
s)
,1

li
tr
e
H
2
O
(p
H
ad
ju
st
ed

w
it
h

H
C
l)
;
2
6.
05

g
C
4
H
1
1
N
O
3
(T
ri
s)
,
1
li
tr
e
H
2
O

(p
H

ad
ju
st
ed

w
it
h
H
C
l)
;
3
12

.1
g
C
4
H
1
1
N
O
3
(T
ri
s)
,
1
li
tr
e
H
2
O

(p
H

ad
ju
st
ed

w
it
h
H
C
l)
;
4
26

.8
g
of

C
4
H
6
O
5
(d

l
-m

al
ic

ac
id
)
an
d
16

g
N
aO

H
in

0.
1
l
H
2
O

(c
au
ti
on

:
po
te
nt
ia
ll
y
ex
pl
os
iv
e
re
ac
ti
on
);

5
29

.4
1
g
C
6
H
5
O
7
N
a 3
.
2H

2
O

(d
l
-i
so
ci
tr
ic

ac
id
)
in

0.
1
l
H
2
O
;
6
2.
03

g
M
gC

l 2
.
6H

C
l
(M

ag
ne
si
um

ch
lo
ri
de
)
in

0.
1
l
H
2
O
;
7
m
ix

eq
ua
l
pa
rt
s
of

27
.6

g
N
aH

2
P
O
4
.
H
2
O

(s
od
iu
m

ph
os
ph

at
e
m
on

ob
as
ic
m
on

oh
yd

ra
te
)
in

1
li
tr
e
H
2
O
an
d
53

.6
g
N
a 2
H
P
O
4
.7

H
2
O
(s
od

iu
m

ph
os
ph

at
e
di
ba
si
c
he
pt
ah
yd
ra
te
)
in

1
li
tr
e
H
2
O
,
th
en

di
lu
te
th
e
m
ix
tu
re

1
:
25

w
it
h
H
2
O
;
8
in
cu
ba
te
ge
l
sl
ic
e
fo
r
30

m
in

at
0�
C
in

50
m
l
of

0.
1

m
so
di
um

ph
os
ph

at
e
pH

7.
0
bu

ff
er
,t
he
n
po

ur
of
f
so
lu
ti
on
,a
nd

im
m
er
se

it
in

50
m
l
of

1.
5%

po
ta
ss
iu
m

io
di
de

so
lu
ti
on

(K
I)
fo
r
2
m
in
,
th
en
,r
in
se

ge
l
sl
ic
e
w
it
h
w
at
er
,a
nd

im
m
er
se

it
in

50
m
l

0.
03
%

hy
dr
og

en
pe
ro
xi
de

(H
2
O
2
)
so
lu
ti
on
.M

ix
ge
nt
ly

an
d
re
m
ov

e
st
ai
n
so
lu
ti
on

w
he
n
w
hi
te
zo
ne
s
ap
pe
ar
on

da
rk
-b
lu
e
ba
ck
gr
ou

nd
;9
13

.6
1
g
C
2
H
3
O
2
N
a.
3H

2
O
(s
od
iu
m

ac
et
at
e)
,1

li
tr
e
H
2
O
;1

0
13

.6
1
g
K
H
2
P
O
4

(p
ot
as
si
um

ph
os
ph
at
e)
,
1
li
tr
e
of

H
2
O
.

Distribution of C. albicans strains 439



estimated from amino acid sequences of
proteins even for a distantly related spe-
cies. As a consequence, if enough data are
available, genetic distance between any
pair of organisms can be measured in
terms of dij. In addition, this measure is
applicable to any kind of organism regard-
less of ploidy or mating scheme. Its
interpretation in terms of enzyme loci
infers that, on average, 0 to an infinite
number of allelic substitutions are detected
(by electrophoresis) in every 100 loci,
from a common ancestral strain (2, 7, 35).
Trees with two-dimensional classifica-

tions (dendrograms) based on matrices dij,
were generated by the SAHN grouping
method (Sequential, Agglomerative, Hier-
archic, Nonoverlapping Clustering Meth-
ods), UPGMA algorithm (Unweighted
Pair-Group Method Using an Arithmetic
Average) (51). Average threshold values
were established in the dendrograms to
identify clusters of identical and highly
related isolates (7, 51, 53).
The Pearson product–moment correla-

tion coefficient (range from )1 to +1),

rjk ¼

Pn
i¼1
ðXij � X jÞðXik � X kÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1
ðXij � X jÞ2

Pn
i¼1
ðXik � X kÞ2

s

[where Xij stands for the character state
value of character i in the operational
taxonomy unit (OTU) j, Xj is the mean of
all state values for OTU j, and n is the
number of characters sampled], was used
as a measure of the agreement between
the genetic distance values implied by the
UPGMA dendrograms and those of the
original genetic distance matrices (dij).
Such agreements were interpreted as fol-
lows: 0.9 £ r, very good fit; 0.8 £ r < 0.9,
good fit; 0.7 £ r < 0.8, poor fit; r < 0.7,
very poor fit. All of these analyses were
obtained using the program NTSYS-pc 2.1
(7, 44, 51).

Enzymatic activity

Enzymatic activities of SAPs) and PLs
were tested to verify the characteristics of
virulence in vitro of C. albicans (8, 20, 24,
34, 40, 63, 65). Oral isolates were cultured
in Sabouraud dextrose agar (SDA) for
24 h at 37�C and adjusted to a concentra-
tion of 107 CFU/ml in sterile saline
(absorbance 1.2 at 560 nm). Four different
isolates per plate (90 · 10 mm) were
inoculated separately in test medium for
SAPs (bovine serum albumin fraction V
1% W/V, yeast nitrogen base without
ammonium sulfate and amino acids
0.15% W/V, glucose 2% W/V, and agar
2% in distilled water) and test medium for
PLs (peptone 1% W/V, glucose 3% W/V,
NaCl 5.7% W/V, CaCl2 0.06% W/V, agar
2% W/V, and egg yolk 5% V/V in distilled
water). The plates were incubated at 37�C
for 72 h (SAPs) or 48 h (PLs) and all the
tests were carried out in duplicate. The
enzymatic activity (Pz) was determined
from the formation of a halo around the
yeast colony, according to previously
described methods (40): Pz = dc/
(dc + zp), where dc corresponds to colony
diameter (mm) and zp to external diameter
of the precipitation zone (mm). 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) Pz < 0.64, strongly
positive enzyme activity (index 2).

Results

Oral colonization by C. albicans and

related species

Fifty-two couples containing clinically
diabetic and non-diabetic consorts without
clinical symptoms of oral candidosis were
analysed for oral colonization by C. albi-
cans and other Candida species. Prelimin-
ary (isolation and identification in
CHROMagar CandidaTM chromogenic
medium) and confirmatory (colony growth

at 42–45�C and absence of abundant
chlamydospore production on casein agar
medium) assays for C. albicans showed
a high prevalence of this yeast (Table 2).
C. dubliniensis was found to be present in
one male diabetic consort only. Species
of Candida krusei, Candida tropicalis,
and Candida spp. were only preliminarily
identified by chromogenic medium, there-
fore the use of genotypic or phenotypic
methods for speciation was necessary.
Simultaneous oral colonization by

C. albicans was observed in both members
of 12 couples (23.1%). Of these, five
couples showed colonization exclusively
by C. albicans (subjects 11Non-diabetic and
12Diabetic, 13Non-diabetic and 14Diabetic,
15Non-diabetic and 16Diabetic, 17Diabetic, and
18Diabetic with indexes <350 CFU, and
consorts 19Diabetic and 20Diabetic with
indexes >350 CFU). In two couples,
diabetic subjects showed colonization
exclusively by C. albicans (subjects 1
and 3 with indexes >350 CFU) and their
respective non-diabetic consorts showed
multicolonization by Candida species
(C. albicans, C. tropicalis, and Candida
spp. in subject 2 with index >350 CFU;
C. albicans and Candida spp. in subject 4
with index >350 CFU). In three couples,
diabetic consorts showed multicoloniza-
tion by Candida species (C. albicans and
Candida spp. in subject 5 with index
>350 CFU; C. albicans, C. tropicalis,
and C. krusei in subject 7 with index
>350 CFU; C. albicans and C. tropicalis
in subject 10 with index <350 CFU) and
their respective non-diabetic consorts
showed colonization exclusively by
C. albicans (subjects 6 and 9 with indexes
>350 CFU, and subject 8 with index
<350 CFU). Finally, two couples showed
multicolonization by Candida species
(C. albicans and C. krusei in both subjects
21Diabetic and 22Diabetic with indexes
>350 CFU; subjects 23Non-diabetic and
24Diabetic, being C. albicans, C. krusei,
and Candida spp. in subject 23 with index

Table 2. Oral occurrence of Candida albicans and Candida spp. among clinically diabetic subjects (15 women and 35 men) and their respective non-
diabetic consorts (15 men and 35 women), and among clinically diabetic consorts (two women and two men), without clinical symptoms of oral
candidosis

Oral colonization in both consorts Oral colonization in one consort
Couples
Total

$D/#N-D $N-D/#D $D/#D

P
Couples

$D #N-D $N-D #D

P
Couples

n % n % n %

C. albicans associated or
not with Candida spp.

4 6 2 12 23.1 6 – 9 9 24 46.2 36 69.2

Candida non-albicans 2 1 – 3* 5.8 2 – 5 2 9 17.3 12 23.1
Absence of colonization by
Candida spp.

2 2 – 4 7.7 – – – – 0 0.0 4 7.7

P
8 9 2 19 36.5 8 0 14 11 33 63.5 52 100.0

D, diabetic; N-D, non-diabetic. * The absence of C. albicans colonization occurred in only one of the consorts of those couples.
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<350 CFU and C. albicans and C. dublin-
iensis in subject 24 with index
<350 CFU).
Non-simultaneous oral colonization, be-

tween consorts, by C. albicans, whether in
association with other species of the same
genus or not (i.e. preliminarily C. tropi-
calis, C. krusei, and Candida spp.), was
observed in 33 couples (63.4%), that is, 19
diabetic and 14 non-diabetic consorts were

colonized. Candida non-albicans species
were found simultaneously in both mem-
bers of three couples (5.7%) and the
absence of colonization by Candida spe-
cies was found in four couples (7.7%).

Genetic interpretation of MLEE patterns

The enzyme profiles of the C. albicans
samples (n = 119), C. albicans type-strain

CBS-562, and C. dubliniensis samples
(n = 6) were reproducible on different gels
after three repetitions of each electropho-
retic run. The genetic interpretation of
MLEE patterns showed the following
characteristics (Table 3): 14 (100%) enzy-
matic loci were polymorphic (that is, for
each enzyme locus the frequency of the
most common allele was <99%) for two,
three, four and five alleles (two alleles:

Table 3. Allelic profiles of 52 electrophoretic types (ET; strains) of Candida albicans and Candida dubliniensis isolated from the oral cavity of clinically
diabetic subjects (four women and six men) and their respective, non-diabetic consorts (six men and four women), and from two clinically diabetic
couples

Subject/
Couples ET

Number
of isolates

Alleles of 14 enzymatic loci*

Adh Asd Cat G6pdh Gdh Idh Lap M1p-1 M1p-2 Mdh-1 Mdh-2 Mdh-3 Po Sdh

TS bd cc bb bb aa ac cc – bb – aa aa bb ac
$D

1 1 5 dd ac bb bb aa ac cc – bb – cc ac bb cc
#N-D

2 2 5 dd cc bb bb aa aa cc – bb bb aa ac bc ac
$D

3 3 5 aa cc dd bb aa aa bb – bb aa aa aa – ac
#N-D

4 4 3 aa bb dd – aa aa bb – ad aa aa aa bc aa
5 2 aa bb bb – aa aa bb – cc – – – bb –

$D
5 6 1 bd cc bb bb aa – cc – bb – aa aa bb aa

7 4 bd cc bb bb aa aa cc – bb – aa aa bb aa
#N-D

6 8 1 bd cc ab bb aa aa cc – bb – aa – bb aa
9 1 – – bb aa aa aa cc – – – aa – bb aa
10 1 dd – bb bb aa aa cc – – – aa – bb aa
11 1 cd cc bb bb aa – cc – bb – aa – bb aa
12 1 cd – bb bb aa – cc – – – aa – bb aa

$D
7 13 1 dd ac – bb aa – cc – be aa aa ac bb ac

14 4 dd ac – bb aa aa cc – be aa aa ac bb ac
#N-D

8 15 2 cc cc – bb aa aa cc – bb aa aa ac bd ac
16 3 dd cc – bb aa aa cc – bb aa aa ac bd ac

$N-D
9 17 4 dd cc bb bb aa aa cc – bb – aa ad bb ac

18 1 ee dd bb bb bb bb cc – cc – aa ad bb ac
#D

10 19 5 dd cc – bb aa – cc – bb aa aa cc bb ac
#D

12 20 2 dd cc cc bb aa aa cc – – – bb – bc ac
21 1 dd cc cc bb aa aa cc – – – bb – bb ac
22 2 dd cc cc bb aa aa cc – – – aa dd bb ac

$N-D
11 23 5 cc cc dd bb aa – dd – dd ab – aa aa bb

#D
14 24 5 ab – bb bb aa – bb – bb – ab aa – ac

$N-D
13 25 1 bb – bc ab – aa bb – bb – ab aa – ac

26 1 ab – bc bb aa aa bb ab bb – aa – – –
27 1 ab – bb bb – – bb – bb – ab aa – ac
28 1 ab – bb bb – – bb ab bb – aa aa – ac
29 1 ab – bb cc aa – bb – cc – aa aa – bd

#D
16 30 2 bd cc bb bb aa – cc – bb – aa – bb ac

31 2 dd cc bb aa aa – cc – bb – aa – bb aa
32 1 dd cc bc aa aa aa cc – bb – aa – bb aa

$N-D
15 33 5 bd cc bb aa aa – cc – bb – aa – bb aa

#D
18 34 1 dd cc cc bb aa aa cc – bb – aa ad bb ac

35 2 dd cc cc bb aa aa cc – bb – aa dd bb ac
36 2 cd cc cc bb aa aa cc – bb – aa dd bb ac

$N-D
17 37 2 dd cc bb bb aa – cc – bb – aa ad bb ac

38 1 dd cc bb bb aa – cc – bb – aa dd bb ac
39 2 dd cc bb bb aa – cc – bb aa aa dd bb ac

$D
19/#D

20 40 10 dd cc bb bb aa aa cc – bb – aa aa bd ac
#D

22 41 4 dd cc bb bb aa aa cc – bb – aa ac bd ac
42 1 ce be bb aa bb – ad – dd – bb bb ad ee

$D
21 43 5 dd cc bb bb aa aa cc – bb – aa ad bd ac

#D
24 44 4CaCd aa cc dd bb aa aa bb – bb – aa aa bb ac

45 1Cd aa cc dd bb aa aa bb – bb – aa aa bb –
46 1Cd aa cc dd bb aa aa bb – – – aa aa – ac
47 2Cd aa cc dd bb aa aa bb – bb – aa – bb ac
48 1 aa cc – bb aa aa bb – – – – – bb ac
49 1 aa cc dd bb aa aa bb – – – aa aa bb –

$N-D
23 50 2 aa cc dd bb aa aa bb – bb – aa aa bc ac

51 2 aa cc dd bb aa aa bb – – – aa aa bb ac
52 1 aa cc dd bb aa aa bb – bb – aa aa – –

* Heterozygotes represented by: ab, ac, ad, bc, bd, be, cd, and ce; –, null allele; TS, Candida albicans type strain CBS-562; Ca, Candida albicans;
Cd, Candida dubliniensis; D, diabetic; N-D, non-diabetic.
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Gdh, M1p-1, and Mdh; three alleles:
G6pdh, Idh, and Mdh; four alleles: Asd,
Cat, Lap, Mdh-3, and Po; five alleles: Adh,
M1p-2, and Sdh). The average number of
alleles per locus/average number of alleles
per polymorphic locus was equal to 3.57.
The combination of the existing alleles in
14 enzymatic loci showed 52 electropho-
retic types (41.6% of the total isolates).
Heterozygotes revealed two and three
enzymatic bands (two bands: Adh, Asd,
Cat, G6pdh, Idh, Lap, M1p-1, M1p-2,
Mdh-1, Mdh-3, Po, and Sdh; three bands:
Mdh-2). Among the homozygotes, two
alleles were observed in the Gdh, Idh,
Mdh-1, and Po loci, three alleles in the
Asd, Cat, G6pdh, Lap, M1p-2, and Mdh-2
loci, four alleles in theMdh-3 and Sdh loci,
and five alleles in the Adh locus.
In addition, the determination of

C. albicans strains (electrophoretic
types – ETs) by the MLEE method and
genetic interpretation revealed monoclonal
and polyclonal patterns of oral coloniza-
tion in couples or consorts (Table 3 and
Fig. 1). Only one couple (couple 10:
subjects 19 and 20), seven clinically
diabetic consorts (three men and four
women) and three non-diabetic consorts
(one man and two women) showed this
monoclonal pattern while 11 couples,
seven clinically diabetic consorts (five
men and two women) and six non-diabetic
consorts (three men and three women)
showed the polyclonal pattern. Some
C. dubliniensis strains exclusively isolated
from one clinically diabetic man showed a
polyclonal pattern of oral colonization.

Cluster analyses

The genetic diversity of oral isolates of
C. albicans from 12 couples (i.e. intra-
couple analysis), represented by clinically
diabetic and non-diabetic consorts (cou-
ples 1 to 9 and 12) or by both clinically
diabetic consorts (couples 10 and 11) was
analysed using Nei analysis (35) and
UPGMA dendrograms (Fig. 1). Taking
into consideration the average genetic
distance (dij = 0.074) obtained from the
total population of yeast, these analyses
also permitted the verification of the
coexistence (threshold: 0.074 ‡ dij ‡
0 – identical or highly related isolates)
or non-coexistence (thresholds: 0.164 ‡
dij > 0.074 – moderately related isolates,
dij ‡ 0.164 – unrelated isolates) of strains
between the consorts and inferred oral
transmission between them or possible
microevolutionary alterations. Hence, the
results showed coexistence in eight
(66.7%) of the 12 couples with one

(couples 4, 7, 8, 9, 10, and 11) or two
(couples 3 and 12) clusters of isolates/
strains. Couples 4, 8, 9, and 10 showed only
one cluster comprising all isolates/strains
(0.074 ‡ dij ‡ 0) while couples 7 and 11
showed a cluster containing the majority of
isolates/strains (0.074 ‡ dij ‡ 0) with the
remaining minority being moderately
related or non-related.
The two clusters existing in couples 3

and 12 appeared to be moderately related;
however, in both clusters of couple 12 and
in only one cluster of couple 3 there was
coexistence of isolates/strains between
consorts. In four couples (33.3%) there
was no coexistence of strains with two
(couples 1 and 5) or three (couples 2 and
6) clusters observed. The genetic diversity
of the total yeast population ranged from
0 to 0.3521 (Fig. 2), that is, on average,
the population of isolates contained from
0 to 35.2 allelic substitutions for each 100
loci, starting from a common ancestor
(dij = 0.074 ± 0.090). Four large groups
(A through D) and some genetically
unrelated strains (9.6%, 4.8% of the
isolates) (dij > 0.164) were identified.
Group A comprised the greater number
of clusters (68.8% of the isolates or
57.7% of the ETs) featuring: (i) the
coexistence of strains (0.074 ‡ dij ‡ 0) in
couples or consorts unrelated (Cluster 1),
(ii) the exclusive existence of strains in
only one clinically diabetic, male consort
(Cluster 2), (iii) the exclusive existence
of strains in a couple (Cluster 3), and
(iv) the coexistence of strains in non-
diabetic and diabetic consorts unrelated
(Cluster 4).
Group C (17.6% of the isolates or

19.2% of the ETs) comprised clusters 6
and 7 featuring the coexistence of strains
in a couple (this included the C. dublini-
ensis strains) and in a clinically diabetic
subject unrelated. Groups B (1.6% of the
isolates or 3.8% of the ETs) and D (7.2%
of the isolates or 96% of the ETs)
comprised a single cluster each, featuring
respectively, the exclusive existence of
strains in a non-diabetic consort (Cluster
5) and the existence of strains in a single
couple (cluster 8), which are distantly
related to the larger groups of strains.

Virulence characteristics

A total of 114 C. albicans isolates (95.8%
of these isolates) and six C. dubliniensis
isolates (100% of these isolates) showed
positive activities for SAPs. Indexes 1 and
2 were found in 29 (24.4%) and 85
(71.4%) C. albicans isolates, respectively,
and in one (16.7%) and five (83.3%)

C. dubliniensis isolates, respectively. Pz
values ranged from 0.33 to 1 (average
0.58 ± 0.14). Positive activities for PLs
were observed in 108 C. albicans isolates
(90.7%) and four C. dubliniensis isolates
(66.7%). Indexes 1 and 2 occurred in 50
(42%) and 58 (48.7%) C. albicans iso-
lates, respectively, and two (33.3%) and
two (33.3%) C. dubliniensis isolates,
respectively. Pz values varied from 0.41
to 1 (average 0.67 ± 0.14). No correlation
was found between positive activities for
SAPs or PLs and genetic characteristics of
the opportunist pathogen (i.e. strains/ETs
and clusters of highly related strains/ETs)
or clinical characteristics of the host (i.e.
diabetes mellitus, non-diabetes mellitus,
and gender) (Table 4).

Discussion

The oral rinse sampling method was
chosen as the most appropriate and sensi-
tive technique for evaluating overall oral
yeast carriage compared with imprint cul-
ture, swab, or saliva sampling (47). Using
this method we observed a profile of
simultaneous oral colonization by C. albi-
cans between both members of 12 couples
(23.1%). A high prevalence of this species
was found in all diabetic and non-diabetic
consorts; however, five couples showed
colonization exclusively by C. albicans
while two couples showed multicoloniza-
tion by Candida species (C. albicans,
C. dubliniensis, and presumptive C. krusei
identification). In five couples one of the
members was monocolonized by C. albi-
cans whereas the other was multicolonized
(C. albicans and presumptive C. tropical-
is, C. krusei, and Candida spp. identified).
In addition, the density of this mono- or
multicolonization was found to be variable
(>350 or <350 CFU/ml) in diabetic con-
sorts and non-diabetic consorts, although
clinical symptoms of oral candidosis were
non-existent. This fact supports the
hypothesis that an abundance of organisms
in saliva does not necessarily correlate
with clinical candidosis. The frequency
of C. albicans simultaneous isolation in
mouthwash or stool specimens has been
shown to be relatively low between family
members (that is, 12 out of 33 families or
28 out of 71 subjects), and, furthermore,
not all family members are shown to be
positive for yeast colonization (that is,
culture-positive families had two, three, or
four positive members each) (31). Various
factors could predispose them to coloniza-
tion and oral infection by Candida yeasts,
such as impaired salivary gland function,
antibiotic therapy, dentures, carbohydrate-
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rich diets, smoking, diabetes, Cushing
syndrome, immunosuppressive conditions
such as human immunodeficiency virus

(HIV) infection, malignancies, and nutri-
tional deficiencies. Therefore, conditions
such as Sjögren syndrome, radiotherapy

of the head and neck, or drugs that reduce
salivary secretions could lead to an
increased risk of oral candidosis (1).

Fig. 1. Genetic diversity of oral isolates of Candida albicans, or C. albicans and Candida dubliniensis, between couples with clinically diabetic and non-
diabetic consorts (10 couples) or exclusively diabetic consorts (two couples). UPGMA dendrograms (1 £ rjk £ 0.83793 – very good fit) generated from
matrices of genetic distance dij (35). Threshold: 0.074 ‡ dij ‡ 0 (isolates highly related or identical); 0.164 ‡ dij > 0.074 (isolates moderately related).
The letters a to j correspond to oral isolates (see Table 4) and TS, Cd, D and N-D correspond to C. albicans type-strain (CBS562), C. dubliniensis isolates,
diabetic subject, and non-diabetic subject, respectively.
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A recent literature review presented rates
of oral carriage of Candida in diabetic
patients between 18 and 80%, and pointed
towards the fact that the wearing of
dentures and poor glycaemic control are

critical factors that promote oral yeast
colonization in these patients (54). C. albi-
cans is the most commonly recovered
species in more than 80% of Candida-
positive diabetic patients, and its associa-

tion with other species of this genus, such
as C. tropicalis, C. krusei, Candida par-
apsilosis, C. dubliniensis, Candida glab-
rata, and Candida rugosa (13, 14, 58, 64)
has been reported. In addition, although

Fig. 1. (Continued)
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Fig. 1. (Continued)
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Fig. 2. Genetic diversity of Candida albicans and Candida dubliniensis strains isolated from oral cavity of clinically diabetic and non-diabetic subjects
familially related and unrelated. UPGMA dendrogram (rjk = 0.90952 – very good fit) generated from matrix of genetic distance dij (35). Threshold:
0.074 ‡ dij ‡ 0 (isolates highly related or identical); 0.164 ‡ dij > 0.074 (isolates moderately related). TS, CaCd, Cd, D and N-D correspond to C. albicans
type-strain (CBS562), oral isolates of C. albicans and C. dubliniensis identified as same strain (ET – electrophoretic type), oral isolates of C. dubliniensis,
diabetic subject, and non-diabetic subject, respectively.
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ambiguity exists in the literature concerning
Candida density in diabetic patients
and control subjects (non-diabetic) [i.e. a
significantly higher candidal density in
diabetic patients than in control subjects
(11, 57) or lower rates of yeast carriage in
the oral cavities of diabetic patients than in
control subjects (3, 27)], there is a signif-
icant proportion of patients without clinical
symptoms of oral candidosis associated
with densities of yeasts above 100 CFU/ml.
The use of the MLEE method was

highly reproducible and its genetic inter-
pretation was consistent with the diploid
nature of C. albicans (49). Patterns of
monoclonal and polyclonal oral coloniza-

tion by C. albicans were identified in one
and 11 couples, respectively. These pat-
terns could also be observed independent
of clinical condition (diabetic or non-
diabetic) or gender (male or female) of
the consorts. In addition, some C. dublin-
iensis strains exclusively isolated from one
clinically diabetic male showed a poly-
clonal pattern of oral colonization. A total
of 52 strains (ETs) (41.6% of the total
isolates) were identified in the population
of oral yeasts (119 C. albicans isolates and
six C. dubliniensis isolates). Using the
same methodology, research into the
genetic diversity of C. albicans from im-
munosuppressed and immunocompetent

patients showed similar results (6, 7, 10,
25, 29, 41, 62). The cluster analysis using
statistic dij (35) and UPGMA dendrograms
successfully explained the relationships
between the oral strains (12, 51, 52),
according to the Pearson product–moment
correlation coefficient values (rjk) [(i.e.
high concordance between the dij (genetic
distance matrices) and Cjk elements (cor-
relation matrices derived from UPGMA
dendrograms)].
These analyses revealed the coexistence

of identical or highly related strains,
distributed as one or more clusters, in
the oral cavity of both members of
eight couples (66.7%) suggesting possible

Table 4. Enzymatic activity indexes (Pz) of aspartyl proteinases (SAPs) and phospholipases (PLs) of Candida albicans and Candida dubliniensis strains
(electrophoretic types; ETs) isolated from the oral cavity of clinically diabetic subjects (four women and six men) and their respective non-diabetic
consorts (six women and four men), and from two clinically diabetic couples

Subjects/
Couples Isolate Strains

Pz*
Subjects/
Couples Isolate Strains

Pz
Subjects/
Couples Isolate Strains

Pz

PLs Saps PLs Saps PLs Saps

$D
1 a ET1 2 2 $N-D

9 a ET17 1 1 $N-D
17 a ET37 2 2

b ET1 2 2 b ET18 1 2 b ET37 2 2
c ET1 1 2 c ET17 1 2 c ET38 2 2
d ET1 1 1 d ET17 1 2 d ET39 2 2
e ET1 2 2 e ET17 2 2 e ET39 1 2

#N-D
2 a ET2 2 2 #D

10 a ET19 2 1 #D
18 a ET34 2 2

b ET2 2 1 b ET19 2 2 b ET35 0 2
c ET2 1 2 c ET19 2 1 c ET35 2 1
d ET2 2 2 d ET19 2 1 d ET36 2 2
e ET2 1 2 e ET19 2 2 e ET36 2 2

$D
3 a ET3 1 2 $N-D

11 a ET23 1 1 $D
19 a ET40 2 2

b ET3 1 1 b ET23 1 1 b ET40 2 2
c ET3 2 1 c ET23 1 1 c ET40 2 2
d ET3 1 1 d ET23 1 1 d ET40 2 2
e ET3 2 2 e ET23 1 1 e ET40 1 2

#N-D
4 a ET4 0 2 #D

12 a ET20 1 2 #D
20 a ET40 1 2

b ET5 0 2 b ET20 1 2 b ET40 2 2
c ET4 0 2 c ET21 1 2 c ET40 2 1
d ET5 0 2 d ET22 1 2 d ET40 2 1
e ET4 2 2 e ET22 1 2 e ET40 2 1

$D
5 a ET6 2 1 $N-D

13 a ET25 2 2 $D
21 a ET43 2 2

b ET7 2 2 b ET26 2 1 b ET43 2 2
c ET7 1 2 c ET27 1 2 c ET43 2 2
d ET7 1 2 d ET28 2 2 d ET43 2 2
e ET7 1 2 e ET29 1 2 e ET43 1 2

#N-D
6 a ET8 1 2 #D

14 a ET24 1 2 #D
22 a ET41 2 2

b ET9 1 2 b ET24 1 1 b ET42 0 2
c ET10 1 2 c ET24 2 1 c ET41 2 1
d ET11 1 2 d ET24 1 1 d ET41 2 2
e ET12 1 1 e ET24 2 2 e ET41 2 2

$D
7 a ET13 2 2 $N-D

15 a ET33 2 2 $N-D
23 a ET50 1 0

b ET14 1 2 b ET33 2 2 b ET50 1 0
c ET14 1 2 c ET33 2 2 c ET51 1 0
d ET14 1 2 d ET33 2 2 d ET52 1 0
e ET14 2 2 e ET33 1 2 e ET51 1 0

#N-D
8 a ET15 1 2 #D

16 a ET30 1 2 #D
24 aCd ET44 2 2

b ET16 0 2 b ET31 2 2 b ET44 2 2
c ET15 0 2 c ET30 2 1 cCd ET44 1 1
d ET16 0 2 d ET31 2 1 d ET44 1 1
e ET16 0 2 e ET32 2 1 eCd ET45 2 2

fCd ET456 1 2
gCd ET47 0 2
h ET48 0 2
i ET49 2 2
jCd ET47 0 2

*Index 0 means absence of enzymatic activity (Pz = 1), index 1 means positive enzymatic activity (1 > Pz ‡ 0.64) and index 2 means strongly positive
enzymatic activity (Pz < 0.64). Cd, D and N-D corresponding to C. dubliniensis isolates, diabetic subject, and non-diabetic subject, respectively.
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sources of transmission and oral spread
of C. albicans. Considering that highly
related strains come from a common
ancestor, whose descendants have under-
gone microevolutions and adaptations
(53), our results also suggest a conjugal
genotypic identity [i.e. both members
share identical (couple 10) or highly
related (couples 3, 4, 7, 8, 9, 11, and 12)
strains]. However, groups of isolates or
oral strains that are moderately or distantly
genetically related can occur at a lower
frequency in one or both members of
certain couples, suggesting the existence
of strains better adapted to oral niches
exclusive to one consort or an absence of
oral transmission, respectively. Family
distribution of C. albicans strains from
oral and fecal samples have previously
been analysed between family members
using three DNA fingerprinting assays
(31). An intrafamilial genotypic identity
(i.e. members of a family sharing the same
strain), with two or more members colo-
nized by the same strain (genotype) was
observed in culture-positive families (12 of
33 families analysed). In addition, each
family carried a distinct strain and no two
families shared the same strains (i.e.
absence of interfamilial identical strains).
However, distinct strains between hus-
bands and wives also constituted the
intrafamilial colonization pattern (31). In
cases in which C. albicans isolates were
obtained from the male partner, one or
more of these isolates were either identical
or highly similar to the vulvovaginal
isolates from the female patient. It was
suggested that in the majority of cases of
both patients with single episodes of
infection and patients with recurrent infec-
tions, the healthy male partners carry the
same general strain responsible for the
vaginal infection. Furthermore, in patients
with recurrent vulvovaginal infections,
different substrains of the established clone
dominate in an apparently random fashion
termed ‘substrain shuffling’. However, the
commensal substrain of the male can also
differ from the infecting substrain of the
female (26). In other research, the trans-
mission of an isogenic C. albicans strain
within an HIV-infected family, as well as
the existence of highly related, azole-
resistant C. albicans strains among family
members, were demonstrated, in a 5-year
prospective study, using three molecular
methods (inter-repeat polymerase chain
reaction, Southern blot hybridization with
a C. albicans repetitive element 2 probe,
and electrophoretic karyotyping). Such
findings also reveal that transmission from
symptomatic to asymptomatic family

members is possible and perhaps repre-
sents a previously underappreciated factor
in families with HIV infection, among
whom more than one family member is at
risk of serious and chronic complications
of oropharyngeal candidosis (33).
The genetic diversity observed in the

total yeast population revealed four larger
groups (A through D) and some strains
that were distantly genetically related. Of
these, one group hosted a higher number
of clusters and yeasts (68.8% of the
isolates or 57.7% of the ETs) characteriz-
ing the coexistence of strains in couples or
consorts not conjugally related and, there-
fore, suggesting that a determined conjugal
genotypic identity is not exclusive to a
couple that has a single clinically diabetic
member (i.e. in the majority of the popu-
lation of couples the conjugal genotypic
identity is not couple specific). However,
the exclusive existence of strains in a
specific couple may occur less frequently
and in smaller genetic groups (i.e. couple-
specific conjugal genotypic identity). The
genetic relatedness of oral isolates of
C. albicans from two geographically dif-
ferent patient groups (London, UK and
Parma, Italy) affected by diabetes mellitus
and from non-diabetic healthy subjects
was also examined using polymerase chain
reaction fingerprinting (28). Subsequent
phylogenetic analysis revealed that there
were significant differences between
C. albicans isolates indicative of the dis-
tinct ecological niches that occur in the
oral cavities of these patient cohorts. The
most diverse group comprised the isolates
from the diabetic patients in the UK,
possibly reflecting the antifungal treatment
that these patients had received (i.e. iso-
lates from UK patients had greater resis-
tance to azole agents and a trend toward
greater resistance to amphotericin B than
those from diabetic patients from Parma)
and the patient cohort from which these
strains were isolated (i.e. patients in the
UK affected by longstanding diabetes
mellitus and with more diabetic complica-
tions, including neuropathies and retinop-
athies, than patients from Italy) (28).
Proteolytic or lipolytic exoenzymes

seem to play an important role in patho-
genicity (20, 63). Researchers have sug-
gested that enzymatic secretion from
C. albicans oral isolates, especially SAPs
(30) and PLs (15, 63) is determinant not
only for pathogenic potential but also for
commensal colonization of such yeasts
(56). In the present study, aspartyl pro-
teinase and phospholipase exoenzymatic
activities were observed in 95.8% (high
and low indexes) and 90.7% (high and low

indexes) of C. albicans oral isolates, and
in 100 and 66.7% of the C. dubliniensis
isolates, respectively. No association was
observed between exoenzymatic activities
and strains (ETs), strain clusters/highly
related isolates, or even, subject character-
istics (diabetic, non-diabetic, and gender).
The absence of association between a
particular genotype or cluster of strains of
C. albicans and the type, disease progres-
sion, and degree of control of diabetes
mellitus (28), the production of exo-
enzymes, and the oral cavity sites (peri-
odontal pocket, gingival sulcus, and oral
mucosa) has been observed (5). In addi-
tion, a few studies found that enzymatic
secretions varied for each isolate from
different strains and origins (30, 63).
Literature reports that from 30 to 100%
of C. albicans oral isolates produce PLs,
with variable indexes of enzymatic activity
(16, 30, 40, 61). These variations could be
the result of factors such as the source of
isolates, the high phenotypic variability of
a certain isolate, or even variations in the
methodology. However, it was suggested
that only the presence or absence of
enzymatic activity is a precise criterion
for C. albicans biotyping (61).
Finally, some oral C. dubliniensis

strains exclusively isolated from one clin-
ically diabetic male were highly related
(ET45, ET46, and ET47) or identical
(ET44) to some C. albicans strains from
his consort (Fig. 1) or from non-related
consorts (Fig. 2). This suggests the use of
the MLEE method for molecular epidemi-
ological and genetic intraspecific findings
rather than the application for differentia-
tion and complementary identification of
C. dubliniensis (45), although there is a
need to confirm this hypothesis using a
larger number of isolates of both species.
We reported the simultaneous oral col-

onization by potentially virulent (in vitro)
C. albicans to be highly prevalent between
both members (diabetic and non-diabetic
consorts) of 12 couples (23.1%) without
clinical symptoms of oral candidosis.
Isoenzyme markers revealed patterns of
monoclonal and polyclonal oral coloniza-
tion independent of clinical condition
(diabetic or non-diabetic) and gender
(male or female) of the consorts or hydro-
lytic enzyme characteristics (SAPs and
PLs) of the pathogen. A conjugal geno-
typic identity, i.e. both members share
identical or highly related strains, as well
as possible sources of transmission and
oral spread of C. albicans between both
members of eight couples were also sug-
gested. However in the majority of couples
this conjugal genotypic identity is not
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couple specific, as indicated by the coexis-
tence of identical or highly related strains
in couples and unrelated consorts.
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