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Abstract:

Purpose:

The purpose of this study was to determine the quantity of Streptococcus mutans serotype c and Candida albicans antigens from dental plaque and
their relationship with the Oral Hygiene Index Score (OHI-S) and Decayed, Missing, and Filled Teeth (DMFT) in Early Childhood Caries (ECC)
and Severe Early Childhood Caries (S-ECC).

Materials and Methods:

This was a cross-sectional study, including 5 ECC and 32 S-ECC subjects. ECC was classified as a DMFT score < 4, and S-ECC was classified as
a DMFT score ≥ 4 at 71 months of age. S. mutans  serotype c and C. albicans  antigens from dental plaque of ECC and S-ECC patients were
measured using enzyme-linked immunosorbent assays. The optical density of S. mutans serotype c and C. albicans antigens was determined at 450
nm. Correlations between S. mutans serotype c and C. albicans antigens and OHI-S in ECC and S-ECC were analyzed.

Results:

There were no significant differences in S. mutans serotype c and C. albicans antigens between ECC and S-ECC patients or between patients with
moderate and good OHI-S scores. There was a negative correlation between S. mutans serotype c and C. albicans antigens in ECC patients (r =
-0,62; p < 0.05).

Conclusion:

The increase in C. albicans suppresses S. mutans serotype c growth in ECC but not in S-ECC. The findings of this study could be used to discover
the molecular mechanisms involved in bacterial-fungal relationships and the contribution of new technologies to reduce ECC.

Keywords: Early childhood caries, Immunology, S. mutans serotype c, C. albicans, Oral Hygiene Index-Score (OHI-S), Decayed missing filled
teeth (dmft).
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1. INTRODUCTION

Dental  caries  is  a  health  problem  with  a  significant
incidence  worldwide  [1].  Specifically,  there  has  been  an
increase in the incidence of caries in children,  mostly on the
surface  of  the  crown and root  of  the  teeth.  There  is  no  clear
primary etiology, but Early Childhood Caries (ECC) occur in
low socioeconomic groups, new immigrants, and children. This
significant increase is likely caused by the lack of affordable
prevention in these community groups [2].
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Dental  caries  is  an  infectious  disease  characterized  by
localized tooth decay [3] and its slow progression [4]. Dental
caries is a multifactorial disease, based on hosts, teeth, saliva
(salivary flow), microbiota, bacteria that produce acids on the
surface of teeth, and diet [3], or simply host, environment, and
bacteria [5].

Caries can present as smooth surface caries, pit and fissure
caries, enamel caries, dentin caries, secondary caries, ECC, and
root  caries  [6].  According  to  the  American  Academy  of
Pediatric  Dentistry  (AAPD),  ECC (formerly  known as  labial
caries,  nursing  caries,  and  baby  bottle  caries)  are  caries  that
occur  in  children  below  71  months  of  age  [7].  ECC  is
characterized  by  the  presence  of  one  or  more  cavity  or  non-
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cavity lesions in the tooth, teeth lost due to caries, or deciduous
teeth  restored  in  pediatric  patients.  Severe  Early  Childhood
Caries  (S-ECC)  occurs  when  children  have  smooth  surface
caries or if the Decaying, Missing, and Filled Teeth (DMFT)
score is above or equal to the following: 4 at 3 years, above or
equal to 4 at 4 years, or above or equal to 6 at 5 years of age
[8].  A  risk  factor  of  ECC  and  S-ECC  is  an  uncontrolled
duration  of  bottle-feeding  with  sugar  at  night,  which  causes
carbohydrate  fermentation.  The  low  salivary  flow  rate  also
exacerbates this during sleep [3, 9].

The  well-known  cariogenic  bacteria  in  the  formation  of
dental caries are Streptococcus mutans and Lactobacillus [10].
These  bacteria  naturally  occur  in  small  numbers  in  the  oral
cavity and cannot significantly reduce the pH in the oral cavity.
However, this acidic environment can support the proliferation
of acid-tolerant bacteria, increase demineralization, and disrupt
the remineralization and demineralization of tooth enamel [11].
If demineralization is prolonged, small cavities will form in the
tooth  structure,  which  cannot  be  closed  due  to  lack  of
remineralization, and Hydroxyapatite (HAP) crystals that are
lost due to acid from bacteria [6].

Based  on  the  chemical  structure  of  serotype-specific
rhamnose-glucose  polymers,  S.  mutans  is  divided  into  four
serotypes,  namely c,  e,  and f,  whereas non-c/e/f  serotypes in
the absence of glucose groups in the bacterial polymer chain
are  categorized  as  serotype  k.  The  prevalence  of  different  S.
mutans  serotypes  in  the  oral  cavity  varies.  The  highest
prevalence is  serotype c  at  70-80%, the second is  serotype e
approaching 20%, and the remaining 5% are serotypes f and k
[12].  S.  mutans  serotype  c  is  common  in  the  oral  cavity  of
children and mothers [13].

In dental plaque, C. albicans can help in the progression of
caries [14]. C. albicans interacts in symbiotic mutualism with
S. mutans  [15,  16] and is often detected in the oral  cavity of
children  with  ECC  rather  than  caries-free  children  [17].  C.
albicans can attach to HAP crystals and release calcium ions to
destroy them. C. albicans can also produce organic acids that
are  more  efficient  at  reducing  pH  than  S.  mutans  [18].
Conversely,  some  studies  have  shown  that  C.  albicans  can
raise  the  pH  above  the  critical  level,  helping  prevent  caries
[15]. Here, we evaluated the relationships between C. albicans
and  S.  mutans  serotype  c  in  dental  plaque  of  ECC  patients
based  on  their  OHI-S  and  DMFT.  In  this  preliminary  study,
enzyme-linked  immunosorbent  assays  were  used  to  quantify
the S. mutans serotype c and C. albicans, which was detected
using rabbit antisera [19 - 22].

2. MATERIALS AND METHODS

The sampling technique used was purposive sampling. The
research subjects consisted of children under 71 months of age,
and the study sample used was dental  plaque taken from the
study subjects.

The  subjects  included  in  the  study  were  children  who
suffered from ECC and had good general health. Subjects who
were not cooperative or did not experience ECC did not enter
the  study.  The  study  took  place  at  the  TPA  Harapan  Ibu
Ministry of Social Affairs Ministry, the Republic of Indonesia,
in August 2019. At the screening stage,  37 participants were
selected and included in the scope of the research criteria. The

Dental Research Ethics Commission of the Faculty of Dentistry
of  the  University  of  Indonesia  approved  the  study  protocol
(approval  No.62  /  Ethical  Approval  /  FKGUI /  VIII  /  2019).
Written informed consent was obtained from each guardian or
parent of all participants.

Plaque samples on the buccal surface of the molars were
taken  from  participants  using  a  cotton  bud  and  stored  in  an
Eppendorf  tube  in  phosphate-buffered  saline.  The  inclusion
criteria were as follows: age < 71 months, good health, normal
growth  and  development,  absence  of  systemic  disease  or
history of systemic disease, not having consumed food for two
hours prior to sampling. The exclusion criteria were as follows:
age  >  71  months,  with  systemic  or  congenital  diseases  that
affect  oral  health,  currently  taking  local  or  systemic
medication.

2.1. DMFT and OHI-S Determination

DMFT  and  OHI-S  scores  were  observed,  and  the  totals
were calculated. DMFT scores in children with deciduous teeth
range from 0 to 20, while the OHI-S ranges from 0 to 6. The
subjects were classified as

S-ECC if they had the following DMFT score: Above or
equal to 4 at 3 years old, above or equal to 5 at 4 years old, or
above  or  equal  to  6  at  5  years  old  [8].  The  OHI-S  was
calculated on six tooth surfaces consisting of buccal surfaces in
teeth 11, 16, 26, and 31, and lingual surfaces in teeth 36 and
46.

2.2. ELISA

First,  samples  from  subjects  were  weighed  and  divided
based on needs, and the bottom of the wells was coated using a
previously  made  coating  buffer.  Then,  the  ELISA work  step
was  performed,  and  at  the  end  of  the  stage,  the  S.  mutans
serotype c and C. albicans antigens were read using an ELISA
reader [23, 24]. Briefly, the ELISA plates were coated with 100
µL of 1/100 diluted samples and incubated overnight at 4°C.
The  following  day,  the  sample  was  discarded,  washed  three
times  before  the  well  was  loaded  with  blocking  buffer  and
incubated for 1 hour at 37ºC. The plate was then washed three
times,  followed  by  the  addition  of  rabbit  anti-S  mutans
serotype C or c. albicans sera at 1/100 in dilution buffer (1%
skimmed  milk).  Diluted  sera  were  loaded  in  duplicate  at  50
µL/well and incubated for 1 hour at 37ºC. The plate was then
emptied by inversion and washed three times with wash buffer.
Next,  50  µL  of  1/1200  Horseradish  peroxidase  (HRP)-
conjugated anti-rabbit IgG was loaded and incubated for 1 hour
at  37ºC.  The HRP-conjugated anti-rabbit  IgG was discarded,
and the plate was washed three times with a washing buffer,
followed  by  the  addition  of  50  µL  of  TMB  (3,3',5,5'-
tetramethylbenzidine, Sigma-Aldrich; St. Louis, MO), and the
plate was incubated for 5 minutes at room temperature. Then,
50 μL of stop solution (1 N sulfuric acid) was added, followed
by  measuring  the  optical  density  at  450  nm  in  the  ELISA
reader  (AccuReader,  M965/M965+;  Metertech,  Taipei,
Taiwan)  [25,  26].

2.3. Statistical Analysis

The data were processed and tested for correlation between
OHI-S and DMFT scores. The data were checked for normality
and analyzed using Spearman and Pearson correlation.
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Fig. (1). Quantity of Streptococcus mutans serotype c and Candida albicans antigens in Early Childhood Caries (ECC) and Severe Early Childhood
Caries (S-ECC) patients.

Fig. (2). Quantity of Streptococcus mutans serotype c and Candida albicans antigens based on Oral Health Index Score (OHI-S).

3. RESULTS

The  samples  were  taken  from  the  TPA  Harapan  Ibu
Ministry of Social Affairs Republic of Indonesia from August
21–22, 2019. The number of research subjects was 39 children
with  ECC  aged  under  71  months  with  OHI-S  and  DMFT
calculations.

After  data  recapitulation,  37 subjects  with  complete  age,
DMFT, and OHI-S information were obtained. There were 5
ECC subjects and 32 S-ECC subjects based on the definitions
of ECC and S-ECC. An ELISA test was then carried out. The
ELISA  test  results  for  S.  mutans  serotype  c  and  C.  albicans
were  analyzed  according  to  the  average  quantity  of  antigens
and their  correlations  between ECC and S-ECC patients  and
the OHI-S.

3.1.  Quantity  of  S.  Mutans  Serotype  C  and  C.  Albicans
Antigens in ECC and S-ECC Patients

As  the  data  were  non-normally  distributed,  the  Mann-

Whitney  U  test  was  used.  As  shown  in  Fig.  (1),  in  both  the
ECC and S-ECC groups, the quantity of S. mutans serotype c
was higher than that of C. albicans. There was no significant
difference in the quantity of S. mutans serotype c in the ECC or
S-ECC patient groups (p > 0.05).

A total of 37 study subjects were grouped based on their
OHI-S. Six subjects were classified as moderate and thirty-one
subjects  were  classified  as  good  by  OHI-S.  Further  analysis
showed no significant difference in the quantity of S. mutans
serotype c and C. albicans  between the moderate- and good-
OHI-S groups (p > 0.05) (Fig. 2).

3.2. Relationship of S. Mutans Serotype c Antigens with C.
Albicans Antigens from Dental Plaque in ECC and S-ECC
Patients

There was a strong negative linear correlation between S.
mutans  serotype c  and C. albicans  in  the  ECC category (r  =
-0.620, p < 0.05). Fig. (3) shows that the higher the number of
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Fig. (3). Relationship of Streptococcus mutans serotype c with Candida albicans antigens from dental plaque in Early Childhood Caries (ECC)
patients.

Fig. (4). Relationship of Streptococcus mutans serotype c with Candida albicans antigens from dental plaque of severe Early Childhood Caries (S-
ECC) patients.

S. mutans  serotype c,  the smaller the number of C. albicans.
However, this phenomenon was not observed in patients with
S-ECC (r = 0.18) (Fig. 4).

4. DISCUSSION

ECC is defined as the presence of one or more damaged,
lost, or repaired teeth in children aged < 71 months or 6 years
[8].  S-ECC  itself  is  defined  as  ECC  that  has  become  severe
with signs of smooth surface caries. This study tested 37 dental
plaque samples taken from children with ECC and S-ECC and
performed antigen quantity determination by ELISA.

The  quantities  of  S.  mutans  serotype  c  and  C.  albicans
antigens were calculated in ECC and S-ECC patients. S-ECC is
ECC  that  has  become  severe  with  DMFT  levels  that  cause
partial or total damage to deciduous teeth [26, 27]. According
to  a  study  conducted  by  Ledder  et  al.  in  2018,  a  significant
relationship  was  found  between  the  total  quantity  of

streptococci and S-ECC in dental plaque [28]. In children with
S-ECC  or  very  extensive  rampant  caries,  there  is  a  high
prevalence  of  C.  albicans  in  the  patient’s  oral  environment
[28].  This  study  revealed  no  significant  differences  in  the
antigen quantities of S. mutans or C. albicans between the ECC
and  S-ECC  groups.  These  results  are  in  line  with  those  of
Valdes et al. in 2017 and Kanasi et al., in 2010, who stated that
73%  of  S-ECC  patients  in  this  study  had  S.  mutans  and
concluded that children with S-ECC have more dental plaque
than children without caries [28]. Further, in 2017, Valdes et
al. concluded that there was a linear increase in the prevalence
of S. mutans in biofilms with the severity of caries [17].

Further analysis revealed that the antigen quantities of S.
mutans  serotype  c  and  C.  albicans  were  slightly  higher  in
patients with moderate OHI-S than in those with good OHI-S.
Willems et al. showed that C. albicans could prevent the active
mineral loss, increase pH, and prevent caries [15], resulting in
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a healthy oral cavity. This study is in line with results by Eidt
et  al.  (2018)  and  Jose  et  al.  (2014),  who  found  that  the
presence  of  C.  albicans  could  reduce  the  cariogenic  and
acirabbitenic  abilities  of  S.  mutans  biofilms  because  C.
albicans has a low demineralization ability for tooth structure
[29, 30].

Our study found a significant negative correlation between
S.  mutans  serotype c  and C. albicans.  This  finding is  in  line
with research from Bachtiar and Bachtiar in 2018, suggesting
that there is a weak negative relationship between the quantity
of S. mutans and C. albicans measured by qPCR from dental
plaque samples in ECC patients [31].

The results of our study show that there are more S. mutans
than  C.  albicans  in  ECC.  We  assume  that  there  may  be
competition for the consumption of sugar between S. mutans
serotype c and C. albicans,  which may be won by S. mutans
serotype c, leading to its elevated levels [31 - 33]. Jarosz et al.
found that S. mutans was able to inhibit C. albicans germ tube
formation  in  in  vitro  co-cultures  [34].  Further  research  is
needed  to  discover  the  molecular  mechanisms  involved  in
bacterial-fungal  relationships  and  the  contribution  of  new
technologies  to  reduce  ECC.

CONCLUSION

In  conclusion,  our  findings  reveal  a  significant  negative
linear  relationship  between  S.  mutans  serotype  c  and  C.
albicans antigens isolated from dental plaque of ECC patients.
In contrast, these results are inversely proportional to the dental
plaque of patients with S-ECC; that is, there is a tendency for a
weak positive relationship between S. mutans serotype c and C.
albicans antigens.

LIST OF ABBREVIATIONS

OHI-S = Oral Hygiene Index Score

DMFT = Decayed, Missing, and Filled Teeth

ECC = Early Childhood Caries

AAPD = American Academy of Pediatric Dentistry

HAP = Hydroxyapatite

S-ECC = Severe Early Childhood Caries
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