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ABSTRACT

Early Childhood Caries, a rampant type of dental 
caries in children below 6 years of age; is a chronic 
childhood disease with a severe sequalae affecting 
the child and family. It is a multifactorial disease, with 
S.mutans and Lactobacilli being implicated as the 
main microorganisms in its etiopathogenesis. Recent 
literature suggests a probable role of Candida, fungal 
species, a normal commensal of the oral cavity, in its 
etiopathogenesis. Under particular predisposing 
physiological or pathological conditions, Candida is 
capable of provoking pathologies via endogenous 
infectious mechanism. In early childhood period, due 
to immature immune system and not fully established 
micro flora in the oral cavity, children are more 
susceptible to opportunistic microbial colonization. 
The present literature review provides compilations of 
previous studies implicating Candida’s probable role 
in caries and an attempt is made to provide and 
update the current understanding of Candida’s 
potential role in initiation of early childhood caries in 
order to help health providers to diversify their 
treatment modalities from antibacterial to anti-
fungal.

Keywords: ECC, Caries, Candida, C.Albicans, Pre-
school.
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INTRODUCTION

Early Childhood Caries (ECC) also known as early 

childhood tooth decay is a destructive form of dental 

caries that afflicts the young children. The older ter-

minologies like “nursing caries” and “baby bottle 

tooth decay” have been replaced with broader term 

ECC. It is one of the most common chronic child-

hood diseases in this age group; and though not life-

threatening, it affects normal health and well-being 

of the child. The prevalence of dental caries has 

reduced worldwide, yet that of ECC remains high 
1,2

and so it is currently a WHO concern. 

The difference between ECC and the dental caries is 

that, here the progression of caries is very rapid and 

widespread; and because of this rapid progression, 

its prevention and management is a challenge.

American Academy of Pediatric Dentistry (AAPD) 

defines early childhood caries (ECC) as the pres-

ence of one or more decayed (non cavitated or 

cavitated), missing (due to caries), or filled tooth sur-

face in any primary tooth in a child 71 months of age 

or younger. Presence of any smooth surface caries in 

children younger than three years of age; one or 

more cavitated, missing due to caries or filled 

smooth surfaces of the primary maxillary anterior 

teeth in children from ages three to five; or a 

decayed, missing or filled score of >=4 (age 3), >=5 

(age 4), >=6 (age 5) surfaces are termed as Severe-
3

Early Childhood Caries (S-ECC) .

Early Childhood Caries is an infectious disease of 
4

bacterial origin . The disease is the result of frequent 

sugar intake leading to changes in the oral microbial 

ecology to a cariogenic miroflora, leading to an 

imbalance between the demineralization and 

remineralisation process, favouring demineralisa-

tion of the teeth. Thus, acidity is a pre-requisite for 

caries formation, and acidogenic microflora plays 

an important role. 

Oral bacteria like, Streptococcus mutans and 

Lactobacillus spp. are the main microorganism 

implicated for the initiation and progression of car-

ies respectively. 

But presently researchers are implicating the 

propable role of Candida, a fungi in caries 

etiopathogenesis. This article is a brief literature 

review on Candidas role in early childhood caries.

Candida species are fungi which are common 

inhabitants of the normal oral microbiota found in 

infants. Candida is an opportunistic pathogen and in 

immunocompromised individuals it has the ability 

to cause a variety of infections. For instance till date, 

oral thrush in infants and chronic atrophic 

candidiasis (denture induced stomatitis) in adult are 

the known most common clinical manifestations of 
5,6,7

oral candidiasis.  Among Candida species, the 

most prevalent in the oral cavity is Candida 
3,1,2

albicans.  

As a first colonizer

Among Candida species, the most prevalent in the 

oral cavity is Candida albicans. Reports suggest its 

presence in saliva, dental plaque and also infected 

dentin of children with early childhood caries. Craig 

reported that Candida albicans in the biofilm of 

ECC is twice more prevalent than caries free 
7,8,9,10

children . Reports of candidal carriage range as 
7

high as 50%. 

The prevalence of the Candida in the oral cavity var-

ies with age: 4% in 4-5 days old babies, 24% in pre-

mature newborns, and 30% in children aged 3-12 
6

years.  Higher frequencies of Candida were also 

found in children using pacifiers. Its presence in the 

oral cavity may be related to many factors such as 

birth infection, nurse fingers, hospital maternity 
11,12,13

ward , baby’s feeding bottles, infected pacifi-
7ers, maternal skin, air, water and carious teeth.

Candidal carriage in children

Candida counts were significantly associated with 

caries prevalence with increase in their DMFS 
14

score.  The carriage was approximately 3 times 

greater in females than in males. The yeast isolates 

w e r e  7 1 %  C a n d i d a  a l b i c a n s ; 1 9 . 7 %  
15

Saccharomyces spp. and 8.6% Candida tropicalis.  

Studies explains that poor oral hygiene, in children 

consuming unrestricted diets, may influence the sali-

vary levels of yeasts irrespective of the frequency or 
16,17,18,19

amount of sugar consumed.  Children with 

oral C. albicans frequently maintained carriage over 
20,21

time, even with regular dental care.  Carious teeth 
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may constitute an ecological niche for C.albicans 

and, potentially responsible for recurrent oral and 
22

non-oral candidiasis.  Oral environment stabiliza-

tion procedures were found to be efficient in reduc-

ing Candida spp. counts, especially when the zinc 
23

oxide-eugenol cement was employed.

Candida albicans was observed in the oral cavity of 

healthy school and preschool children compared to 
24,25 

adolescents. The frequency of C. albicans in 

ECC was higher when compared to caries and car-
26

ies-free groups.  Candida albicans was more fre-

quently isolated in all studies, and it was the only spe-
27, 28

cies present in caries-free children. 

Post chlorhexidine treatment, decreased for mutans 

streptococci and lactobacilli, but large numbers of 

Candida spp. still remained in the saliva of several 

children. Candida spp. reduced only after post 

antifungal therapy. And few researchers  suggested 

the use of antifungal drug nystatin (oral rinses) to 
29

control caries. 

Candida - free individuals significantly inhibited 

the blastoconidial growth more than Candida-

carriers suggesting that saliva may play a role in 

modulat ing oral  candidal  populat ions in 
30,31,32 

health.

Recent studies concluded that prevalence of 

Candida albicans in dental plaque and carious 

lesions of children with ECC were relatively high 

and prevalence was higher in cervical group of car-
33,34

ies.  Further studies revealed that Candida 

albicans genotype A was dominant among SECC 
35

Children.

Greater acid potential

C. Albicans is acidogenic and has the ability to fer-

ment many carbohydrates (hetero -fermentative).  It 

is also acid-tolerant, and increased presence is seen 

in the oral cavity due to great number of retentive 
36

sites.

Under favourable physiological or pathological con-

ditions, it is capable of provoking pathologies. It is 

endowed with dimorphism i.e; it is able to exist both 

in yeast and pseudohyphal/hyphal form, and this 

property is referred to as a major virulence determi-

37
nant.  Yeast form are normal commensal of the oral 

cavity. Pseudohyphal (budding shape) has been asso-

ciated with a fungal (saprophytic) condition while 

the presence of hyphal forms has been associated 

with active symptomatic infections. Candida 

albicans displays many pathogenic forms, because 

of which it is capable of adhering to various sur-

faces, interfering with the immunological system of 
38

host organisms and producing several catabolytes.

Some studies have shown that in an environment 

with a pH below 5.5, which is relevant for early 

childhood caries formation, acidification by Mutans 

streptococcus decreases considerably and ceases 

around pH 4.2 (deSoet et al.1991), whereas 

C.albicans can still secrete acid at pH 4.0 (Kl inke et 
39,40

al., 2009) . Furthermore, the study by Nikawa et 

al. has revealed that C.albicans was capable of dis-

solving the hydroxyapatite at an approximately 20-

fold rate higher than Mutans streptococcus, despite 

a lower number of yeast cells in the culture (Nikawa 

et al., 2003) studies above may indicate that C. 

albicans is capable of producing acids and  deminer-

alizing dental tissue in vivo. 

 It is supposed that there are at least two processes 

that can be predicted in vivo which involve in the 

acid production of a surrounding environment by 

Candida albicans 

1) It produces several organic acids including 

pyruvic acid and acetate (Samaranayakeet al., 1986; 
41,42

Collingset al., 1991)

2) Abundant H +ATPase on the plasma membrane of 

yeasts pumping out proteins from the cell is induced 

by glucose and makes a contribution to the acidifica-
43

tion (Bowman et al., 1986; Manavathuet al., 1999).  

Since acidification causing demineralization of den-

tal tissues plays the most important role in the pro-
44,45

gression of early childhood caries.  These, the 

acid production of microbes has been considered as 
46,47

one of the typical characters of caries pathogen.  

According to the viewpoint of Marsh involved in 
48

dental caries , there are undoubtedly other 

acidogenic microorganisms. Considering the poten-

tial of Candida albicans to adherence to saliva pro-

teins and S.mutans, its acid producing capability, its 

Candida a probable etiology in early childhood caries

J Odontol Res 2015, Volume 3, Issue 1

1. Editorial

   

ORIGINAL RESEARCH ARTICLES

2. The oral health related quality of life before and after wearing complete 

 dentures fabricated by dental  undergraduate students in a dental college 

 in Kothamangalam - a six months follow-up study 

 Pius AV, Sanjeev R, Meenu Merry C Paul, Suneesh Kuruvilla, 

Subramaniam R. 5

3. Sexual dimorphism in the location of maxillary sinus and mandibular canal 
, Shahin KA  LaxmikanthChatra, Prashanth Shenai, Veena KM, 

 Prasanna Kumar Rao, Rachana V Prabhu. 12

 REVIEW ARTICLES

4. Autoimmunity - a brief insight

 Jithin Jose, Ambika K, Niveditha Baiju, Pramod Mathews, Skariah KS. 18

5. Obstructive sleep apnea (osa)- an over view 

 Sanu Tom Abraham, Meenu Merry C Paul. 24

6. Go green periodontics

 Sugumari Elavarasu, Arthiie Thangavelu, Jayashakthi Saravanan,

 Mohammed Shereef. 29

 CASE REPORT

7.  A review of maxillofacial prosthesis materials
, Shilpa Joseph  Pius AV, Seema George, Cinil Mathew. 36

8. Palato- radicular groove and localized periodontitis: 

 Sugumari Elavarasu, Thangakumaran suthanthiran, 

 Arthiie Thangavelu, Saranya Selvaraj. 45

9. Esthetics by root submergence technique - a novel approach

 Narendra Kumar Gupta, Devendra Chaudhary, Nitika Sachan,

 Pradyumna Misra. 50

10. Prosthodontic management of mandibular deviation using palatal 

 ramp appliance

 Binsu S, Meenu Merry C Paul, Pius AV, Cinil Mathew. 55



18

Jo
u

rn
al

 o
f O

d
o

n
to

lo
gi

ca
l R

e
se

ar
ch

ability to penetrate into dentinal canals and its enzy-

matic activity to degrade collagen; indicates that it 

may be having greater cariogenic ability and may be 

having a possible role in the progression of early 

childhood caries.

Samaranayake LP et al in 1986, conducted a invitro 

study to determine the growth and acid production 

of Candida species in human saliva supplemented 

with glucose/ glucose-free. The results of the study 

showed that the growth of Candida in saliva was 

accompanied by rapid decline in pH from 7.2 to 3.2 

over 48 hours. And major acidic components initiat-

ing and sustaining this pH drop were pyruvates and 

acetates. The study concluded that acidic metabo-

lites may play an important role in pathogenesis of 
49

oral Candida infections.

J. Verrant et al in 1991 conducted an invitro study to 

determine the effect of different pH on Candida 

strains ability to adhere and form hyphae. Hefound 

that Candida were capable of adhering to buccal epi-

thelial cells at all the pH values studied; 

(7.3,6.0,2.6). and the adhering strains at pH 2.6 
50

showed hyphal forms.

Pathogenicity

Studies have shown that C.albicans adheres to 

saliva-coated surfaces with assistance of salivary 
51,52 53,54,55,56

proteins, acrylic , dental hard tissues.   It 
57,58

can readily adhere to mucosal epithelial cells  and 
59

collagen  with the Proline-rich proteins and provide 

receptors for adhesion of C.albicans to enamel pelli-

cles, and also help in its adhesion to streptococcal 
60

surfaces . Thus, salivary proteins may act as a 

bridge (ligand) for the interactions between C. 

albicans and oral bacteria, which may aid C. 

albicans to participate in the early childhood caries 

development. The secreted aspartyl proteinases 

(Saps) are among the most important virulence fac-

tors of  C. albicans, and are related to the adhesion 

of C. albicans to tooth surfaces and the degradation 

of extracellular matrix and proteins. Wengiung L et 

al in 2014, hypothezised that Saps are higher in S-

ECC groups and Saps 1 may play a role in develop-

ment of S-ECC.

Sen B.H et al in 1997 conducted an invitro study to 

determine the colonization of Candida albicans on 

cleaned human dental hard tissues using scanning 

electron microscope. The results of the study 

showed that hyphae penetrated into cracks, fol-

lowed the ridges of the cavities and migrated into 

dentinal tubules. The study concluded that dental 

hard tissues may be invaded by C.albicans and are 

potential reservoir for disseminating candida infec-
61,62

tions.

Nikawa H et al in 2003 conducted a study to deter-

mine the in vitro cariogenic potential of Candida 

albicans. The adherence and dissociation of 

C a n d i d a  a l b i c a n s ,  C a n d i d a  t ro p i c a l i s , 

Streptococcus mutans and Streptococcus sanguinis 

to six substrates including hydroxyapatite which 

exhibit hydrophobicity, was examined using 

bioluminescent adenosine triphosphate assay and 

spectrophotometrical method. The results shows 

that Candida albicans adherence to hydroxyapatite 

was extraordinary high through electrostatic inter-

action, but in small number. They concluded that 

Candida albicans possesses the ability to dissolve 

HAP to a greater extent (approximately 20-fold) 
63, 64

when compared with S.mutans. 

Candida in association with Bacteria.

Thein Zm et al; showed that co-culture with highest 

concentration of each of foregoing bacteria resulted 

in a consistent reduction in the yeast counts in 

candida biofilm, except for Lactobacillus, S.mutans 

and S.intermedius co-cultures indicating quantita-

tive and qualitative nature of the bacteria modulat-

ing C.albicans biofilm formation in mixed species 
65

environment like our oral cavity.  Invitro studies 

using artificial biofilm homogenously inoculated 

with Streptococcus mutans and Candida; simulta-

neously confirmed the adherence capacity of 

Streptococcus mutans to Candida when in associa-
66

tion.

Lucja M.Jarosz et al; revealed that CSP (Compe-

tence-Stimulating peptide), an Streptococcus 

mutans quorum sensing molecule secreted during 

the early stages of growth, inhibits the Candida 
6 7

albicans  morphological switch.  Further; 

S.Gregoire et al; revealed that glucan coated yeast 
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cells significantly increased the accumulation of 

Streptococcus mutans on Hydroxapatite surfaces. 

And this Glucan-mediated fungal- bacterial interac-

tion represents novel cross-kingdom interaction that 

is involved in development of virulent biofilms asso-
68 

ciated with ECC. The ability of S.mutans and 

C.albicans together to form biofilms is enhanced in 

vivo due to presence of C. albicans augments 

exopolysaccharides (EPS) production, such that co-

species biofilms accrue more biomass and harbor 

more viable S. mutans cells than single-species 

biofilms. Glucosyltransferase-derived EPS was 

proved to be a key mediator of co-species biofilm 

development, and that co-existence with C. albicans 

induces the expression of virulence genes in 

S.mutans. Altogether, these studies demonstrate a 

novel mutualistic bacterial-fungal relationship that 

occurs at a clinically relevant site to amplify the 
69

severity of this ubiquitous infectious disease.

Conclusion

This literature review reinforce those of the previous 

scientific literature, implying that Candida spp are 

not merely passively associated with the caries pro-

cess. It remains unclear whether Candida species 

are causative agents in early childhood caries initia-

tion or progression, or whether Candida coloniza-

tion are merely a consequence of severe early child-

hood caries activity. Further studies are required to 

elucidate the real role of this microorganism in the 

etiology of ECC, which may aid in management and 

prevention of this chronic childhood disease.
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