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Abstract The human body is home to countless microorgan-
isms that can modulate the transition between health and
disease. When conditions in the host favor the growth of
pathogens, the populations can shift toward their dominance
and/or cause disbyosis. In the mouth, commensal organisms
are typically most abundant, but when oral hygiene is
neglected and sugar is frequently consumed and/or there is a
disruption in saliva production/flow, organisms associated
with dental caries disease eg, Streptococcusmutans(S.mutans)
becomemore prevalent. These organisms interact with dietary
sugars and host saliva to form complex 3-dimensional
biofilms on pellicle-coated teeth. The production of
exopolysaccharides (eg, via S. mutans-sucrose interactions)
modulates the assembly of the biofilm matrix, while acid
production (eg, by acidogenic flora) and low pH within the
biofilm facilitate the demineralization of the adjacent tooth
enamel. During the assembly of cariogenic biofilms, S. mutans
likely interacts and competes with other oral microbial species
in the mouth. Although it is widely recognized that bacterial-
fungal interactions commonly occur on mucosal surfaces,
their possible role in dental caries has received limited atten-
tion. This review provides evidence that interactions between
S. mutans and Candida albicans (C. albicans) may be in-
volved in the pathogenesis of early childhood caries.
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Introduction

At many sites within the human body, a precarious equilibri-
um exists between the microorganisms present, host factors,
and the changes occurring in the local environment. In the
mouth, the disease dental caries results from complex interac-
tions that occur on pellicle-coated tooth surfaces between
(cariogenic) organisms, the products produced by these or-
ganisms, host salivary constituents, and dietary carbohydrates
[1–4]. Although S. mutans is not always the most abundant
species in the mouth, it can rapidly orchestrate the formation
of biofilms on teeth when environmental conditions favor the
assembly of an extracellular matrix (eg, when sucrose, a
substrate for exopolysaccharide production, is frequently
available) [1–5, 6•]. During the course of cariogenic biofilm
development, S. mutans likely interacts and competes with a
number of other oral microbial species, including commensal
Streptococcus and Actinomyces species, as well as other cari-
ogenic species [1, 5, 6•, 7–9]. Despite much of the literature
focusing on interactions between bacteria, it is becoming
increasingly more evident that there are medically important
bacterial-fungal interactions in the oral cavity, at least in terms
of mucosal infection [10•, 11••, 12, 13]. This review discusses
new evidence that suggests that interactions between S.mutans
and C. albicans also occur in the presence of sucrose, which
modulate the development of highly virulent biofilms on tooth
surfaces, greatly influencing the pathogenesis of dental caries.

In the context of how long the field of microbiology
has been studied, the window of time in which we have
considered the implications of community behaviors or
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“sociomicrobiology” is very limited (>10 years) [14]. How-
ever, recently the focus has shifted to examine the complex
interactions that occur among the same species, across spe-
cies, and even across kingdoms during the formation of struc-
tured microbial communities termed biofilms [15–18]. The
once prevalent notion that microbes are free-floating cells that
operate as individuals has all but been eliminated in favor of
models that examine the “social” behaviors of numerous
microorganisms within biofilms [19]. Although the definition
of a biofilm has fluctuated, biofilms are generally classified as
a group of organisms that are adherent to a surface forming
structured microenvironments/communities, which is at least
in part mediated by the production of an extracellular matrix
[16, 20, 56]. Biofilms range from barnacles on a ship hull to
the disease-causing plaques that form on teeth and heart
values [20, 21]. Therefore, biofilms have received much at-
tention from researchers aiming to reduce the incidence and
severity of disease or costs associated with the appearance of
biofilms in industrial systems. Understanding the interactions
that occur between biofilm-forming organisms and the sur-
rounding matrix environment may likely hold the key to
combating and possibly eradicating these costly and often
deadly biofilms.

Bacterial-Fungal Interactions Are Prevalent in the Oral
Cavity

In the oral cavity, there are an estimated 700 ormore species of
microorganisms [22]. The diversity within the biofilm does
not reflect the diversity within the saliva, as not all organisms
present in the saliva are capable of adhering to pellicle-
covered tooth or mucosal surfaces and/or surviving within
the plaque-biofilm environment [1, 2, 4, 9, 23, 24]. However,
it is apparent that dental plaque-biofilms are composed of
numerous different species, and several groups have begun
to investigate multispecies interactions, their metabolic activ-
ity and environmental changes within biofilms, as well as their
relationship with host factors using in vitro and in vivo
methods [3, 5, 6•, 13, 25–33].

C. albicans is one of the most commonly detected fungal
organism on human mucosal surfaces, and it often forms
polymicrobial biofilms through its association with a variety
of bacterial pathogens, including Escherichia coli, Pseudomo-
nas aeruginosa, and Staphylococcus aureus [13, 17, 34–36].
These associations can enhance both fungal and bacterial
virulence, ultimately amplifying disease severity and/or host
mortality/morbidity. For example, C. albicans augments bio-
film formation and vancomycin resistance in S. aureus, and
while sublethal doses of either organism alone have no effect
on mortality in a mouse model, co-infection results in a 100%
mortality rate [17, 34]. However, most studies have focused

on the role of bacteria in enhancing Candida carriage and
infectivity in mucosal diseases.

In the mouth,C. albicans is known to colonizemucosal and
prosthetic surfaces and to cause tissue infection/destruction
[10•, 36–38]. As a member of the complex oral microbiome,
Candida interacts with other commensal species, namely
viridans streptococci (eg, S. gordonii) [10•, 36, 39]. Tissue
culture models demonstrate that C. albicans forms partner-
ships with commensal streptococci, including S. gordonii and
S. oralis, which can enhance colonization of both organisms
during oral mucosal infection [10•]. Such interactions can
influence mucosal disease [11••]. C. albicans is also associat-
ed with denture stomatitis (CADS), a set of pathological
changes that occur in the oral mucosa under prostheses [37,
40–42]. The primary causes of CADS are trauma caused by
the dental appliance, insufficient saliva access, andC. albicans
colonization of both soft tissues and acrylic surfaces, which
often occurs in the presence of S. gordonii [39, 40].

C. albicans Infection Has Negative Impacts on Oral
Mucosal Health

C. albicans is a common commensal resident of the oral cavity
[37, 38, 43, 44]. It only becomes invasive/pathogenic when
local and/or systemic predisposing factors are present. Yet, the
incidence of oral candidiasis infection (including oropharyn-
geal and esophageal candidiasis) is increasing, which has been
associated with a rise in patients that are immunocompro-
mised [38]. Individuals frequently become immunocompro-
mised due to HIV/AIDS infection, immunosuppressant thera-
py for transplant, and/or chemotherapy [38]. It is also common
in patients that are effectively hyposalivated, including those
with Sjogren’s syndrome (autoimmune disorder of postmen-
opausal women) and patients that have received head and
neck radiation for cancer therapy [38]. Immunocompromised
patients often become chronically infected, requiring repeated
topical (eg, troche) or systemic administration of antifungal
agents (eg, azoles) [38]. At the same time, such infections are
becoming more challenging to treat, as Candida species are
steadily gaining resistance to azoles [38].

The clinical presentation of C. albicans on the oral mucosa
may vary, but the most common forms of infection are
pseudomembranous candidiasis (thrush) and erythematous
candidiasis [37, 38]. Thrush is the most widely recognized
form of oral candidiasis, which tends to affect the tongue and
soft palatal areas and is characterized by white plaques that
may be removed with some pressure to reveal underlying
erythematous tissue [37, 38]. Erythematous candidiasis is
frequently associated with denture stomatitis (CADS) and
refers to red atrophic areas that lack pseudomembranes [37,
38]. Erythematous candidiasis often affects the hard palate and
will occur under dentures; the margin of the affected areas will
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correspond to the outline of the denture [37, 38]. Erythema-
tous and pseudomembranous candidiasis are often asymptom-
atic, but either form of infection may be associated with pain
and a burning or scalded sensation if the area affected is large
enough or other complicating factors are present (eg, exposure
to broad spectrum antibiotics) [37, 38]. Although C. albicans
is often considered the prime etiological agent of mucosal
infections in these scenarios, the complex oral flora contains
numerous bacterial species that can interact to augment and/or
alter the progression of disease [10•, 13, 17, 34–36, 45, 46].

Candida-Bacterial Interactions in the Mouth

The mere diversity of the species present within the human
mouth [22], suggests that complex interactions exist between
these organisms and the host that allow certain species to
thrive in an environment where the resident microorganisms
must compete (or synergize) for limiting or transient nutrients
(from diet) and withstand salivary aggregation and clearance,
as well as the host immune response [33]. Several groups have
used oral mucosal biofilm models to study the ability of
C. albicans to interact with other commensal species that
colonize the soft tissues of the mouth, including bacteria and
other fungi [10•, 11••, 12, 13, 47]. Through the use of 3D
tissue culture models and a mouse model, Dongari-
Bagtzoglou’s group has shown that polymicrobial biofilms
consisting of C. albicans and Staphylococcus, Enterococcus,
and/or Lactobacillus species readily form on tongue and mu-
cosal tissues [10•, 11••, 13]. More specifically, the interaction
between C. albicans and Streptococcal species S. oralis,
S. gordonii, and S. sanguinis enhances biofilm formation and
infectivity; co-culture with C. albicans improves biofilm for-
mation by these Streptococcal species, while C. albicans be-
come more invasive into the mucosal tissue [10•, 11••]. It
appears that infection and invasion into the mucosal tissue
by C. albicans elicits an immune response that involves the
infiltration of immune mediators [13]. Candida has been dem-
onstrated to induce cytokine production in the host through
interactions with Dectin-1 (recognition of β-glucan) and Toll-
like receptors (recognition of mannoproteins), among others
[11••, 43, 48]. S. oralis enhances the pathogenicity of
C. albicans by strengthening the host immune response to
C. albicans infection, specifically by inducing neutrophil-
activating cytokines, which are more highly induced during
co-infection than infection with either species alone [11••].

C. albicans interacts with various commensal Streptococ-
cal species through at least 1 fairly specific adherence mech-
anism, as dissected by Jenkinson’s group [39, 49, 50•]. The
ability of Candida to co-adhere varies among Streptococcal
species; S. gordonii, S. sanguinis, and S. oralis are most
adherent, while S. salivariusand S. pyogenesadhere to a lesser
extent, and S. mutansadheres poorly [49]. It was subsequently

determined that the SspA and SspB ligands expressed on the
surface of S. gordonii are involved in the interaction with
C. albicans [50•]. Specifically, these adhesins bind to the
Als3 adhesin expressed on the cell wall of C. albicans. Inter-
ruption of the coding sequence of either adhesin on S. gordonii,
or the C. albicans adhesin, impairs binding, while expression
of these adhesins on other species of fungi and bacteria (Als3
on Saccharomyces cerevisiae and SspB on Lactococcus lactis)
is sufficient to promote an interaction [50•]. Furthermore,
Als3 is almost exclusively expressed on the hyphal form of
C. albicans, indicating that this interaction occurs specifically
between S. gordonii cells and C. albicans hyphae. This may
have an implication in pathogenesis, as hyphae are generally
regarded as the more virulent/invasive form of C. albicans
[41, 51].Whether or not streptococci can influence the yeast to
hyphae transition in C. albicans remains to be elucidated,
although it has been demonstrated in other systems that Pseu-
domonas aeruginosa can downregulate hyphae formation in
its antagonist relationship with C. albicans [52].

Although S. mutans and C. albicans themselves do not co-
adhere well [49], available evidence does indicate that their
adhesive interactions are greatly enhanced when grown in
sucrose-containing media [4, 53•, 54•, 55•]. Initial observa-
tions showed that the binding of C. albicans and S. mutans to
each other and to acrylic surfaces was enhanced in the pres-
ence of sucrose [53•]. Images from scanning electron micros-
copy revealed extracellular material between streptococci and
yeast, suggesting that glucans may play a role in mediating
binding between these organisms and/or the development of
biofilms when sucrose is available [53•, 54•]. Later it was
demonstrated that C. albicans may also augment mutans
streptococci biofilm formation in vitro [55•]. However, this
interaction does not appear to occur in the presence of other
sugars [55•], which explains earlier findings indicating that
S. mutans and C. albicans largely do not interact [49].

Previous observations demonstrate that S. mutans-derived
glucosyltransferases (Gtfs) bind to the surface of other bacte-
ria, which can help to mediate the formation of multispecies
biofilms on saliva-coated apatitic surfaces as reviewed in [4,
56]. Therefore, we hypothesized that these exoenzymes could
also bind to the surface of C. albicans cells to produce
exopolysaccharides (EPS) in situ [57••]. This could facilitate
S. mutans-C. albicans co-adherence and the colonization of
saliva-coated apatitic surfaces. We found that GtfB binds most
effectively to C. albicans surfaces in an enzymatically active
form, converting C. albicans cells into de facto glucan pro-
ducers; GtfC binds less avidly than does GtfB, while GtfD
binds poorly [57••]. Furthermore, higher quantities of glucans
(with enhanced α-1,6 linked glucose) were produced when
GtfB was attached to yeast cells compared with GtfB in
solution or when attached to S. mutans cells [57••]. Results
from previous studies revealed that α-1,6-linked glucosyl
residues offer a site to which S. mutans binds avidly, as it
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expresses several glucan-binding proteins [58, 59]. Thus, the
formation of copious amounts of glucan on the large surface
areas of yeast cells (vs bacterial cells) may provide enhanced
binding sites for S. mutans.

We then explored the ability of S. mutans to bind
C. albicans via a GtfB-mediated mechanism. Confocal fluo-
rescence imaging showed large numbers of S. mutans cells
bound to the glucans formed on the yeast cell surface [57••]. In
contrast, we observed a near absence of S. mutans bound to
uncoated C. albicans cells, consistent with previous findings
from Jenkinson’s group [49]. Thus, GtfB binding and in situ
activity can convert a less receptive Candida surface into a
highly adhesive site for S. mutans binding.

Furthermore, the presence of glucans on C. albicans cells
also enhanced the fungal adhesion to saliva-coated apatitic
(sHA) surfaces [57••]. We investigated whether the presence
of C. albicans (with or without surface-formed glucans) could
enhance S. mutans accumulation on sHA. We found that the
presence of glucan-coated yeast cells did enhance the accu-
mulation of S. mutans on sHA surfaces at least 6-fold com-
pared with that of S. mutans cells incubated alone [57••]. In
contrast, the presence of uncoated C. albicans cells did not
increase S. mutans accumulation [57••], which is congruent
with limited binding between the cells in the absence of
sucrose/glucan [49]. Our recent work pointed to a sucrose-
dependent interaction that is at least partially mediated by
S. mutans-derived Gtfs.

Altogether, it is clear that dynamic, specific, and
pathogenesis-enhancing interactions occur between bacterial
and fungal species in the oral cavity. Although much of the
prior research has focused on the role of Candida-commensal
bacterial interactions in soft-tissue/mucosal complications,
C. albicansmay also interact with the pathogen S. mutans in
the presence of sucrose [53•, 54•, 55•], which may enhance
infectivity, the colonization of tooth surfaces, and the patho-
genesis of dental caries.

C. albicansMay Have a Role in the Pathogenesis of Dental
Caries

The role that C. albicansmay play in dental caries has largely
been neglected, despite clinical (microbiological) data show-
ing that in addition to heavy infection by S. mutans, C.
albicans is frequently detected in high numbers in plaque
samples from toddlers affected by Early Childhood Caries
(ECC) [60••, 61•, 62•]. In contrast, C. albicans is either absent
or detected sporadically in the plaque of healthy, ECC-free
children [60••, 61•, 62•]. Furthermore, the potential of
C. albicans to induce sulcal surface (occlusal) carious lesions
has been demonstrated in rats [63•].

This area of research is of particular interest, because of its
possible implication in the etiology and the pathogenesis of

ECC, one of the most virulent, painful, and costly infectious
diseases afflicting children. ECC is a hypervirulent form of
dental caries that afflicts young children, which is character-
ized by heavy infection with S. mutans (often exceeding 30%
of the cultivatable plaque flora) [60••, 61•, 62•, 64–67, 78].
Children with ECC are often allowed to indulge in the
protracted ingestion of dietary sugars; the child often con-
sumes sugary beverages almost constantly from a nursing
bottle [68–70], which also restricts the access of saliva to the
teeth due to the mechanical effects of the nipple on the bottle.
Detailed literature reviews about ECC can be found elsewhere
[69–74, 78].

S. mutanshas often been regarded as a key etiological agent
of ECC, although other bacteria may also contribute to its
pathogenesis [60••, 61•, 62•, 64–67]; it can convert sucrose
into exopolysaccharides (EPS), the prime building blocks of
cariogenic biofilms, which form the core of the extracellular
matrix [2, 4, 5, 6•, 56]. S. mutans glucosyltransferases (Gtfs)
are constituents of the pellicle and are also adsorbed to the
surface of other microorganisms, all while retaining enzymatic
activity [4, 56]. The EPS synthesized byGtfs on these surfaces
promotes local colonization and the subsequent accumulation
of microbes on the teeth; at the same time, a diffusion-limiting
polymeric matrix is formed that protects embedded bacteria
[56]. In parallel, sucrose and other sugars are fermented by
S. mutans and acidogenic organisms enmeshed in the EPS-
rich matrix to create acidic microenvironments within the
biofilm and at the interface of attachment [6•, 56]. The low
pH niches support EPS production, while cariogenic (aciduric
and acidogenic) flora prosper, ensuring biofilm accretion and
acid-dissolution of the adjacent tooth enamel [56, 75].

In ECC, overt demineralization and rampant caries rapidly
and extensively occur on the free smooth surfaces of primary
teeth [71–73, 78]. However, the exact biological reasons for
such a heavy infection and aggressive onset/severity of dis-
ease remain unclear. Whether the presence of Candida togeth-
er with high numbers of S. mutans in the plaque is involved in
the enhancement of biofilm virulence and in the severity of
disease has been undetermined. Our recent data, combined
with previous observations [53•, 54•, 55•], suggest strongly
that C. albicans interactions with S. mutans influence the
pathogenesis of ECC.

Using a combination of in vitro and in vivo approaches, we
recently investigated whether S. mutans-C. albicans interac-
tions play a role in co-species biofilm formation and the
etiology and pathogenesis of ECC, which is described hence-
forth [76••]. First, we examined how the enhanced bacterial-
fungal interactions (mediated via Gtfs) influence biofilm for-
mation on sHA surfaces. We focused on the development of
the biofilm architecture in 3-dimensions (3D), which has been
linked to the accumulation of EPS and sequential assembly of
an EPS-rich matrix [5, 6•, 56]. We used our novel approach of
incorporating a fluorophore during the synthesis of
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polysaccharides by S. mutans-derived Gtfs, which allows us to
follow the development of the matrix structure over time
within intact biofilms using confocal microscopy [5, 6•].

We found that the presence of C. albicans along with
S. mutans dramatically enhances the assembly of an EPS-
rich matrix, leading to the development of biofilms with
greater biomasses compared with those formed with S. mutans
alone (Fig. 1). Moreover, co-species biofilms accrue more
EPS and harbor more viable S. mutans cells than single-
species S. mutans biofilms. Although C. albicans yeast cells
bind sporadically to the sHA surface in the presence of su-
crose, C. albicans ultimately lacks the capacity to form struc-
tured biofilms under our experimental conditions.

The resulting 3D biofilm architecture differs dramatically
from single-species biofilms. It is characterized by the pres-
ence of enlarged microcolonies containing S. mutans
surrounded by both yeast and hyphal forms of C. albicans,
which are all enmeshed in and surrounded by a dense and
abundant EPS-rich matrix (Fig. 1). It is interesting to note that
hyphae forms, which are often coated by Gtf-derived EPS,
protrude from the biofilm structure into the fluid phase. Clear-
ly,C. albicans cells may provide unique and abundant sites on
both yeast and hyphal forms for EPS synthesis and accumu-
lation within co-species biofilms. Moreover, we observed that
C. albicans can also secrete matrix materials, as we detected

significant amounts of extracellular β-glucan interspersed
with Gtf-derived EPS; β-glucan is considered to be a signif-
icant component of the extracellular matrix in biofilms formed
by C. albicans alone on other surfaces [77].

We also examined the importance of glucan production in
co-species biofilm formation by examining the structures of
biofilms formed with wild type C. albicans and Gtf-deficient
mutants of S. mutans. For example, biofilms formed with a
ΔgtfB::kan S. mutansmutant [6•], showed a severe defect in
biofilm formation over saliva-coated apatitic (sHA) surfaces;
the populations of S. mutans cells in these co-species biofilms
were similar to those in single-species biofilms, indicating that
the lack of insoluble glucan production essentially removed
the advantage of enhanced carriage conferred by cohabitation
with C. albicans. In addition, the ability of C. albicans to
colonize sHA surface was greatly impaired. This observation
suggests that Gtf-mediated bacterial-Candida interactions are
critical for the development of co-species biofilms. Collec-
tively, our in vitro data provide a feasible explanation for the
previous reports illustrating that the ability of S. mutans and
C. albicans to form biofilms together is augmented in pres-
ence of sucrose [54•, 55•]. Furthermore, it may help to explain
why S. mutans can be found in elevated numbers along with
C. albicans in the plaque of children with ECC [60••, 61•,
62•]. This type of interaction is a truly unique phenom-
enon where a bacterially-produced product adheres to
and functions on the surface of an organism from an-
other kingdom, stimulating co-existence and enhancing
co-species biofilm formation.

Fig. 1 Three-dimensional architecture of S. mutans-C. albicans co-spe-
cies biofilm formed on saliva-coated hydroxyapatite. This figure has been
adapted from a submitted manuscript, [76]. This figure displays repre-
sentative images of (a1) single-species S. mutans, and (a2) co-species
biofilms grown for 42 hours. Bacterial microcolonies expressing GFP are
green, while fungal cells labeled with ConA-tetramethylrhodamine are
blue. EPS labeled with Alexa Fluor 647 dextran is red. Panel a shows
orthogonal views of the biofilms, illustrating the overall differences in the
accumulation of biofilms between co-species and S. mutans UA159
single-species biofilms. Panel b provides a 3-D rendering of the co-
species biofilm, which illustrates the complexity of its architecture. Bac-
terial microcolonies and yeast forms ofC. albicansSC5314 are enmeshed
and surrounded by an EPS-rich matrix, while hyphae extend from the
biofilm into the fluid-phase and are coated with EPS (denoted by white
arrows)

Fig. 2 Images of the teeth from rats infected with S. mutansUA159 alone
or co-infected with C. albicans SC5314. This figure has been adapted
from a submitted manuscript [76]. This figure displays photographs of
lower molars in the rodent jaws; jaws representing the average result have
been selected. The black arrows indicate areas of moderate to severe
carious lesions in co-infected animal where areas of the enamel are
missing, exposing the underlying dentin. In some areas, the dentin is
eroded or missing (red arrows), denoting the most severe carious lesions.
In S. mutans-infected animal, large areas of initial lesions were also
detected, although visibly less severe than co-infected animals
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Using a rodent model that simulates the clinical conditions
found in ECC, we explored the implications of this cross-
kingdom interaction in the pathogenesis of dental caries
[76••]. The effects of co-infection with S. mutans and
C. albicans on both the microbial colonization and the onset
of caries disease in vivo were dramatic. First, we detected a
significant increase in the viable populations of both S. mutans
and C. albicans in plaque-biofilms from co-infected animals
(compared with those infected with either microbe alone). Of
greater significance, the virulence of plaque-biofilms in co-
infected animals was synergistically enhanced, leading to the
onset of severe carious lesions on the smooth surfaces of the
teeth, which were characterized by large areas of exposed or
missing dentin (Fig. 2). This condition clearly mirrors a major
clinical feature of ECC, where extensive lesions on the free
smooth surfaces of teeth are present and abundant [69, 71, 73,
74, 78]. We also observed that C. albicans induces sulcal
caries, which is consistent with a previous report [63•]. Unin-
fected animals remained free of infection and developed le-
sions with negligible severity.

Altogether, our recent data [76••] provide striking evidence
that S. mutans and C. albicans can develop a cooperative
relationship that results in the formation of exceptionally
virulent biofilms on tooth surfaces. This observation may
account, at least in part, for the rapid and enhanced develop-
ment of co-species biofilms and ultimately the aggressive
onset of ECC.

Conclusions: the Future of Understanding andCombating
Oral Bacterial-Fungal Infections

The oral cavity represents a complex environment where
many species of bacteria and even fungi interact and compete
to form dynamic multi-species structures on mucosal and
tooth surfaces. C. albicans frequently associates with com-
mensal oral species, which has been shown to lead to or
enhance mucosal infection of the tongue and palatal tissues.
Here we show evidence that S. mutans and C. albicans inti-
mately associate with one another in the presence of sucrose
via Gtf-mediated mechanism. This interaction dramatically
enhances the colonization of both organisms and the develop-
ment of co-species biofilms in vitro. Using an animal model,
we found that oral infection with a combination of S. mutans
and C. albicans results in enhanced infectivity and carriage of
both organisms within plaque compared with animals infected
with either species alone. Furthermore, the concerted actions
of these organisms lead to a synergistic enhancement in bio-
film virulence in vivo. The pattern of demineralization and
extent of carious lesions observed in co-infected animals bears
similarities to the rapid and aggressive onset of dental caries
found in children with ECC. Therefore, we propose that
S. mutans-C. albicans interactions coupled with the protracted

ingestion of sucrose may ultimately enhance the development
of caries in a highly susceptible population.

Altogether, previous and current findings reveal a cooper-
ative fungal-bacterial interaction that has considerable clinical
relevance, and certainly could provide new perspectives for
devising efficacious therapies to control this costly and ubiq-
uitous disease. Furthermore, the retention of C. albicans in
biofilms associated with the tooth surfaces may also represent
a reservoir of fungi that may later participate in other local or
even systemic complications, as C. albicans alone does not
seem to colonize dentition well. Naturally, further investiga-
tion is warranted to better understand the complex interactions
that occur between S. mutans and C. albicans. This is an area
that our group is currently devoted to studying. Understanding
the dynamic nature of microbial interactions, especially those
that occur across species and kingdoms, may hold the key to
improved approaches to limit and remove a wide range of
potentially life threating infections.
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