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Abstract
Background: Oral microorganisms produce damage through the transfer to bloodstream, colonizing other tissues 
or direct damage in the oral cavity. Aim to study the quantitative interactions between C. albicans and the mutans 
streptococci and ms serotypes in the saliva of the oral cavity of patients with Down syndrome (DS).
Material and Methods: Included 120 patients of both genders, 60 patients with Down syndrome (DS) and 60 pa-
tients as a control group (CG). Samples of saliva were taken, and bacteria and fungi were grown on TYCSB and 
Saboureaud agar. Microbiological, serological and quantitative analyses were performed to determine the kind of 
isolated of microorganisms corresponding to the ms c, e, f and k for species S. mutans and d and g for S. sobrinus 
and C. albicans. Electronic scanning microscopy was employed to visualize and confirm the colonies under study. 
Statistics analysis included t-test proofs for matched data test, Scheffé and ANOVA.
Results: Forming units (CFU) per mL of saliva of C. albicans a significant difference was observed among DS>CG 
groups. A correlation of the C. albicans quantity and the ms count was found by age intervals however, tendencies 
were different in SD and CG. Also, the CFU of C. albicans was different among the serotypes of ms (c, e, f, k <d, 
g, h, <notyped).
Conclusions: These results show a significant non-random association between these two commensal microorgan-
isms in different patient groups.
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Introduction
The oral cavity is colonized by different microorgan-
isms in their different structures such as mucosa, teeth 
and saliva (1). These microorganisms constitute the bio-
film, in which they grow and develop depending on the 
conditions of the environment if it is favorable to him 
and of the conditions given by the same microorganisms 
and the guest (2). Among these are the metabolic factors 
of the host and the microorganisms, chemical signals 
(quorum sensing) typical of them and the toxins they 
produce. The oral cavity research is oriented towards a 
model of interaction between the microorganisms that 
make up the community (3). During the first stages of the 
formation of the biofilm, bacterial cells are organized in 
plantonic phase rushing the surfaces of the oral cavity 
or indirectly bind to other bacterial cells that have al-
ready been colonized (4). This last point is confirmed by 
a population study of ancestral dental calculus, which 
shows different morphotypes of microorganisms (5).
 In research of congregation between yeasts and oral 
bacteria, there has been evidence of the presence in vi-
tro of streptococci and C. albicans (6). In other studies 
that have used a specific fluorescein-labeled oligonucle-
otides probe (FITC), they allowed investigators to ob-
serve a congregation through microscopy, visualizing as 
a maize corn cob form where the center was occupied by 
C. albicans surrounded by species of streptococcus (7).
In a study model in vivo, the possible association was 
shown between S.mutans and C.albicans in caries pro-
duction in children at an early age (8). The C.albicans is 
part of the biofilm, giving to it the modulation of the dif-
ferent species in terms of the quality and quantity of them 
that make up micro environment of the oral cavity (9).
Thus we will study the interaction between the sero-
types of mutans streptococci (ms) and fungus Candida 
albicans, as secondary colonizers of the biofilm. They 
have been described as alterations in the oral cavity, and 
from there they can produce disturbances at the system-
ic level by these microorganisms. So we have the ms 
that includes different species in the human and within 
it the S. mutans, where it is possible to recognize sero-
types such as c, e, f and k for S. mutans and d, g, h, for 
S.sobrinus (10). We know that ms has a great prevalence 
in the oral human cavity, with a range of detection for 
S. mutans between 74 and 90% while for S.sobrinus the 
prevalence is lower (11). C albicans and S.mutans are 
considered commensal microorganisms, coexisting as 
homeostatic mutualism. When the balance is altered, 
due to environmental changes occurring in the mouth or 
by guest alterations at the systemic level, they become 
pathogens (12). So, we have that the S. mutans is a mi-
croorganism associated with tooth decay (11). In relation 
to dental caries in patients with Down Syndrome the 
evidence is limited and controversial (13). At a systemic 
level the oral streptococci produces infectious endocar-

ditis 20% (14). It affects 71% the endocarditis subacute 
presenting serotype k, retrieved from the heart valves 
(15). This possesses proteins (CBPs) approximately 120 
KDa, named cnm and cbm. These surface antigens re-
late to the adhesion of the S.mutans to collagen tissue 
(16). As to C. albicans, its virulence is determined by 
its adherence to the surfaces of internal tissues in 5% 
, which occurs in several stages; the infection is due to 
the presence of a protein ALS3 (17). It should be kept in 
mind that patients with Down syndrome show multiple 
systemic deficiencies. In the oral cavity, both humoral 
and cellular immunologic responses are involved, the 
latter being the most impaired of the cell-mediated im-
mune system, leading to increased autoimmune diseas-
es (18,19). Previous studies have shown a quantitative 
relationship of the commensalism between S. mutans 
and C. albicans and the serotypes distributed between 
patients with DS and CG (20,21).
The objective is to quantify the interaction in the saliva 
of C. albicans and the mutans streptococci in patients 
with DS and CG.

Material and Methods 
- Subjects
During 2000 and 2001.This study was carried out in 120 
males and females children and adolescent, aged 5 to19 
years, were studied. The belonged to the public schools 
of the southern of the Metropolitan Region of Santiago.
Among them 60 presented Down Syndrome (DS) and 
60 were control group (CG). These data were obtained 
by observing ethical protocols at the time of collection. 
Patients who received antibiotics for less than 21 days 
before examination were excluded.
- Saliva samples
Were collected according to the following protocol: 
Two hours after breakfast a dentist brushed the patient's 
teeth for thirty seconds. Salivary flow was stimulated 
by applying a 1% solution of citric acid on the dorsal 
side of the tongue. After one minute, each patient's 
samples were collected using a glass funnel and kept at 
0 º C for microbiological analysis. The volume of saliva 
collected was at least 0.5 ml (20).
- Microbiological samples
The saliva is homogenized in a Vortex mixer (Max 
MixII tipo 37600 Mixer) for 60 s; 100 μl of saliva were 
added to 900 μl of a Na2 HPO4 0,2M buffer solution 
(Sigma, St Luis,MI, EEUU)). The resulting solution 
was again homogenized by sonication for 2 min at 37ºC 
and a volume of 100 μl were streaked in an agar plate 
with TYCSB (22). The plates were incubated using an 
anaerobic system (Gas Pack jars) with a mixture of 95% 
N2, 5 % CO2, for 48 h at 37ºC.
The colonies were counted according to the method 
described by Westergreen and Krasse. The adherent 
colonies of ms were observed by transillumination in a 
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technique described by Ouchterlony. The antiserum 
was prepared in female rabbits immunized with S. mu-
tans (Ingbritt, serotype c) and S. sobrinus (OMZ 176 
serotype d). The antigen was extracted by heat for 30 
min at 60 º C (21-24). The strains were kindly provided 
by Professor Bratthall (RIP) of Sweden and Professor 
Loesche of the United States. For C.albicans was used 
as Reference strain ATCC 10231.
- Statistical analysis
To determine the differences between age groups in 
the count of C. albicans, ms and their serotypes, these 
groups where analyzed using one way ANOVA. In addi-
tion, the Scheffé test was used for comparison between 
groups and the non-paired T-Test to confront the control 
group with the Down syndrome Group. Previously the 
Shapiro-Wilks test was used to determine if there was a 
normal distribution of the sample. The analysis was per-
formed with software Stata v 14.1 and it was considered 
that there were significant differences if p value < 0.05.

Results
The sample analysis of Colony count/ml between CG 
and DS between C. albicans and ms proved to be sig-
nificant for C.albicans (P<0,005) (Table 1).
When performing the linear regression analysis be-
tween patients and comparing the log of C. albicans 
versus log ms, and confronting these slopes of both 
groups CG vs DS, we observed a significant differences 
(p<0,005) (Fig. 1). Patients with Down Syndrome pre-
sented higher numbers (colonies/ml of saliva) of C. albi-
cans and ms (colonies/ml saliva) than the CG in their re-
spective means of cultivation of the same saliva sample.
Comparison of the average C. albicans and ms (log/
ml) acording to age between control group and Down 
Syndrome finding significant different for ms GC and 
Down Syndrome groups age between 5 to 9 and 10 to 14 
and 10 to 14 and 15 to 19 years (P<0,005) and (P<0,002) 
(Table 2), there were no significant differences in count-
ing in for C. albicans in GC and SD.

Spencer magnification lens (10 x). The total number of 
Streptococci colonies present in the Petri plate where ob-
tained using the dilution coefficient and were called col-
ony-forming units per mL of saliva (CFU/mL). As for C. 
albicans, they were obtained in agar Sabouraud, which 
were incubated in aerobic conditions for 48 h to 37 o (20).
- Biochemical study
The biochemical identification of S. mutans, or 
S.sobrinus was done by inoculating 2 colonies in the 
Todd Hewitt broth [3.1 g Brain Heart Infusion, 20g 
Peptone,2g Glucose, 2g Na Cl 0,4g Na2 HPO4, 2,5g 
Na2 CO3] during 18 hours. Bacteria were collected by 
centrifugation at 5,000 rpm. for 5min.The pellet was re-
suspended in 0,2 M Na2 HPO4 (7,4) buffer at N0 5 Mac 
Farland units (1.5x 109 CFU). This suspension was used 
to identify biotypes of smg through the following micro 
method: in a sterile plastic box was place a rectangle 
glass of 11.5 x 8 cm, in 48 pieces of 0.8cm in diameter 
each one, and the 30 μl suspension for carbohydrate was 
incubated in a cell culture chamber for 18 hours. The 
yeasts were identified as C. albicans based on formation 
of germinal tube that appears in human plasma when 
the cell incubate for 2 hours 37°C and carbohydrate as-
similation test (20,21).
- Scanning electron microscopy
To reveal the adhesion of ms to yeast cells of C. albicans, 
the method described by Holmes et al. was used. Cellu-
lar aggregations, previously centrifuged (6000 X5 min) 
were set Glutaraldehyde to 2.5% (vol/vol) in buffer of so-
dium cacodilato at 0.1 M at 4°C (pH 7.4) for 90 min. Cells 
were harvested by centrifugation for 1 min at 12000 x g 
and washed 4 times in 0.1 M sodium cacodylate. After 
this, cell were fixed with 1% osmium tetroxide at 20o C 
(1 h). Samples were dehydrated in different serial concen-
tration of ethanol (30, 50,70, 95 an 100%) and dried with 
CO2 using a critical point apparatus (Polaron England) 
Samples were examined in a Zeiss DSM 940 (15 KV) (20).
- Serological study
It was performed using the double immunodiffusion 

Table 1: Comparison of the log count in saliva (colonies/ml) in Control group and Down Syndrome, 
between mutans streptococci and Candida albicans.

Table 2: Comparison of saliva (colonies/ml) de ms (log) in Syndrome Down and control groups.

Group n ms 
x ± ds

Candida albicans
x ± ds

Control group 60 4,16 ± 1,21 3,20 ± 0,57
Down Syndrome 60 4,35 ± 1,73 4,23 ± 1,05

T* = 0,689;
P = 0,4934

T* = 0,689;
P < 0,005

*Non-paired t Test. 

Age  (year) n Syndrome Down
x ± ds

Control group 
x ± ds

5 a 9 20 4.52 ± 1,87* 3,52 ± 0,55*
10 a 14 20 3,33 ± 1,64*≠ 5,06 ± 1,04*≠
15 a 19 20 5,20 ± 1,87≠ 3,92 ± 1,35≠

P < 0,002 P = 0,005
*≠ Anova and Test Scheffé
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There were not significant age differences for C albi-
cans in CG and SD according ages in groups 5 to 9 and 
10 to 14 and between 10 a 14 and 15 to 19 (Table 3).
Analyzed the average count for C. albicans found in the 
two groups of patients studied and the serotypes of the 
ms. (Table 4). When performing t-Test comparing both 
patient groups for serotypes, it was significant for sero-
types c, e and f (p < 0,005) and serotypes d and g (p< 
0,02). No-typed was only observed in DS.

It was observed through scanning electron microscopy 
(SEM), colonies in a sample of saliva of patients, us-
ing as culture medium TYCSB for the ms, standing 
out yuxtaposition of C. albicans in the culture medium 
(Fig. 2). When quantification was carried out in agar Sa-
boureaud medium, an increase in the concentration was 
observed about between 104-105 Colonies/ml in saliva 
for C albicans, comparable to TYCSB that there was an 
increase in ms in patients with Down Syndrome (Fig. 2).

Table 3: Comparison of Candida albicans saliva count (log) in Syndrome Down and Control Group.

Table 4: Average count of Candida albicans between patients in the control group (CG) and patients with Down Syndrome. 
Presents the serotypes for ms c, e, f, S.sobrinus d, g, and no type (only present in Down Syndrome).

Fig. 1: The patients with Down Syndrome have a highest number of log C.albicans and of the log of ms (colonies/ml) in saliva, 
this is evidenced with greater slope than in the healthy individuals of the CG.

Serotype

Group c,e,f (n =60)
x ± ds

d,g (n = 60)
x ± ds

no type (n =60)
±

Control Group 3,15 ± 0,54 3,67 ± 0,78 -
Down Syndrome 4,1 ± 1,08 4,93 ± 0,55 4,57 ± 0,94

P < 0.05 P < 0.02   

Age (year) n Syíndrome  Down
x ± ds

Control Group
x ± ds

5 a 9 20 4,30 ± 1,23 3,11 ± 0,18
10 a 14 20 4,21 ± 1,02 3,26 ± 0,55
15 a 19 20 4,18 ± 0,93 3,22 ± 0,82

P < 0,094            P = 0.712
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Discussion
Patients with Down Syndrome show a greater suscepti-
bility to infections due to several factors that alter im-
mune response as cellular and humoral (18,19). For this 
reason it is important to take into account the immune 
response in relation to oral infections, specifically inter-
connections between microorganisms involved in Car-
ies and Periodontal disease in individuals who present 
these infectious pathologies, especially in the delivery 
of new properties that arise from these interrelationships 
or antagonism between the commensal microorgan-
isms, which cannot be explained from an isolated cell 
and the possible impact on the patient's systemic level.
On the other hand,dental caries in children with mixed 
dentition is positively correlated with the frequency of 
oral candidal carriage (25).When interpreting the results 
obtained according to our hypothesis of the interrela-
tion between C albicans and ms in saliva of patients in 
the DS and CG groups, it was evident that in the saliva 
cultures there were significant differences in the num-
ber of C. albicans in patients with DS (P< 0.005) (26) 
(Table 1). In other studies conducted in patients with 
Down syndrome and CG, they showed a high percent-
age of colonization for C. albicans of 69%, and 35% for 
the control group in children, to 7 months, 20 years 6 
months (26). In Chile in patients with DS, similar re-

sults were obtained for C. albicans (20).
 The incidence of C.albicans isolated from the oral cav-
ity, has been reported to be 45% in neonates, 45% a 
60% of health children, 30%-45% healthy adults (27), 
interactions with bacterial present in saliva, as ms in 
the DS group. It could be through microbiological stud-
ies to study as C.albicans modulates its response from 
a physical, chemical and metabolic point of view in the 
presence of other microorganisms (9). Specifically to 
study the prevalence and possible pathogenicity mecha-
nisms of it, against dental caries in children who are 
carriers of C.albicans, without leaving aside the set of 
environmental factors (25).
In both DS and CG groups the ms association was sig-
nificant for DS, and minor in the control group (Fig. 1). 
Significant variations were found for ms in studied age 
groups (Table 2) but data show no significant diferences 
for C. albicans in both groups, (Table 3) but C. albi-
cans contributes significantly to the capacity of the den-
tal plaque community to cause disease (8).This would 
suggest that C. albicans could be a nursemaid cell for 
the ms group. The micro-colonies of S.mutans multiply 
quickly by doubling their size in the presence of C. al-
bicans explaining the possible cause of early caries for-
mation in children. The interaction between C.albicans 
and S.mutans is complex and have been studied in vi-

Fig. 2: Scanning electron microscopy of a solid TYCSB culture for ms, where Candida albicans was developed. a) Candida 
albicans. b) ms.
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tro model that establish explanations in relation to this 
duallity.The possible mechanism is that through the 
production of glucan by S. mutans, it binds to the cell 
wall of C. albicans, in the biofilm this supplies sites of 
adhesion resulting in a greater formation of biofilms of 
double species (28).
These biofilms of C. albicans and S. mutans give the 
possibility of increasing the production of exopolysac-
charides (EPS), which allows retain the acid produced by 
S.mutans. In addition, this structure gives more support 
to biofilm by increasing the biomass, which only one 
species could give to house more S.mutans (29). On the 
other hand, an in vitro study contradicted that the colo-
nization of C. albicans is concomitant with ms as a car-
iogenic factor, due to the increase in pH which prevents 
the loss of minerals (29). Thus C.albicans has often been 
associated with S.mutans, as they have created an acido-
genic microenvironment, in an in vitro study of bacte-
rial culture that incorporate hydroxyapatite discs in the 
presence of a biofilm of C. albicans and S.mutans, there 
was evidence of a decrease in the cariogenic potential 
in terms of acidification and demineralization, so it is 
proposed that C.albicans would have made a metabolic 
change like the consumption of oxygen and alkalization 
within the biofilm by consumption of lactic acid (29). 
Scientific evidence suggests that DS patients have lower 
caries prevalence than normal individuals, with risk to 
bias of reported evidence (14). A study in children with 
mixed dentition without DS showed that C. albicans has 
a higher prevalence in children with caries than in car-
ies-free children (25). Another shows that C. albicans is 
associated with S.mutans, in the formation of early car-
ies in children, which in older ages could be colonized 
only by S.mutans, present in the caries process (13).
With the identification of ms serotypes, it has been re-
lated that S. sobrinus is an aciduric species (Table 2) 
that is important in the caries of surfaces and rampant 
caries in children and adolescents with DS, which could 
be associated with C. albicans (12). In relation to se-
rotypes, it was found that in S. mutans there is a dif-
ferent serotype corresponding to No- type (21), which 
could belong to the group k or other unknown serotype. 
This no-type serotype was evidenced in DS patients. 
The serotype No-type and c are in the same amount, 
while serotype d is in greater quantity (p < 0.02), be-
ing that serotype c the one that has the greatest pres-
ence in the human population (12). C. albicans would be 
significantly associated with the different serotypes of 
the ms present in humans. It demonstrated the relation-
ship of a mutualism in vivo model between bacteria and 
fungus that has a clinically severe relevance ubiquitous 
in infectious diseases. On the other hand, Dentists and 
General Practitioner should be aware that oral disease 
can influence the systemic health (30).
Fig. 2 shows an in vitro interrelation between these mi-

croorganisms in a TYCSB medium in the groups stud-
ied . This medium is selective but not specific for the 
isolation of ms, and is used to correlate the degree of 
prevalence of dental caries in humans, being the S. mu-
tans and S. sobrinus as initiators of enamel caries. The 
evidence shows that it could increase the number of ms 
colonies in this medium, and it makes possible the visu-
alization of colonies of C. albicans.
In summary the present study shows, in saliva culture, 
the commensalism between S. mutans and C. albicans 
in the oral cavity among CG patients and DS. This com-
mensalism would be an interaction between C. albicans 
and ms with different serotypes of the group.
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