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Abstract. Carious lesions continue to be an urgent problem of modern practical healthcare. On the territory
of Russia, there is insufficient data from epidemiological studies among children under 3 years of age on the
incidence of early childhood caries. In Western countries, patients with early childhood caries are treated without
fail under general anesthesia with concomitant hospitalization, which is stressful for the child and family, as well
as a costly method for healthcare. Modern metagenomics makes possible to study the fundamental aspects
of the problem of the etiology of caries with the subsequent development of etiotropic therapy and means of
prevention. Along with other microorganisms, the genus Streptococcus is the leader in the development of the
carious process. The study of pathogens, as well as the function of specific genes in dental pathology, becomes
possible with the help of metagenomic sequencing. In this paper, children with early childhood caries were
studied by polymerase chain reaction followed by metagenomic sequencing. The spectrum of microorganisms
in different children was studied and distributed among families. The study showed the need for further study of
oral microbiota in children with early childhood caries to identify critically important pathogens.
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Pe3tome. Kapro3Hble MopakeHus NPOLOJIXKAOT OCTaBaTbCA aKTyallbHOW Npobiemoli COBPeMeHHOro npakTuye-
CKOro 3apaBooxpaHeHus. Mo TeppuTopumn Poccnn HefoCTaTouHO AaHHbIX SMUAEMUONOTMYECKMX NCCNe0BaHUI
cpenwv peteid 4o 5 neT no 3aboneBaeMoCT! Kaprecom paHHero [eTCKoro Bo3pacrta. B 3anagHbix cTpaHax nauu-
€HTOB C KapMecoMm paHHero [eTCKoro Bo3pacTa JieyaT B 06a3aTesibHOM nopazKe B YC0oBUAX obulero o6esbonu-
BaHWA C CONYTCTBYIOLLEN rOCNUTaNM3aUmen, YTo ABSETCA CTPECCOM 1A pebeHKa 1 ceMblU, a TakXKe 3aTpaTHbIM
MeTOAOM AN1A 34paBooxpaHeHmns. CoBpemMeHHas MeTareHOM1Ka [aeT BO3MOXHOCTb 1M3yUunTb GyHOAAMeHTabHble
acneKTbl NPo6neMbl 3TUOOMMN Kapueca ¢ nocsiegytolein pa3paboTKo STUOTPOMHON Tepanuy U CPefCcTB Npo-
dunakTrkn. Hapagy ¢ 4pyrumv MUKpoopraHu3mamm no 3HaYeHuo B pa3BUTMM KapyO3HOro npouecca nuaupy-
eT pop Streptococcus. VI3yueHrie naToreHoB, a Takke GyHKLMUM cneymdrnyecknx reHoB npu CTOMaToNorMyeckom
MaTONOrN CTAaHOBUTCA BO3MOXHbIM MPW NMOMOLLY METareHOMHOro CeKBEHMPOBaHUA. B HacTosAwwen paboTe nc-
cnefoBaH 61ONorMyeckrin MaTepran C NoBepPXHOCTU 3y60B AeTel C KapuecoM paHHEro AeTCKOro Bo3pacra me-
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TOAOM nonmmepa3Ho—uenH0|7| peakunn C nocnegyrowmm MmeTareHOMHbIM CEKBEHNPOBAHUEM. CI'IeKTp MUKPOOP-
raHM3MOB 6biJT M3y4yeH 1 pacnpegeneH no cemericTtBaM. MiccnepgoBaHme Nnokasano HeO6XOﬂ,I/IMOCTb JanbHenwero
n3yyeHuA MVIKp06I/IOTbI y,que|7| C PaHHUM OETCKUM KapneCcoM AJiA BbiABNEHNA KPUTUYECKN 3HAYUMbIX MAaTOreHoB
n pa3pa60TKV| cneunanbHbIX CPEOCTB I'IpO(I)I/IJ'IaKTVIKVI, nepcoHann3npoBaHHbIX AaHHOMY BO3pPacTy.

Knroueesle cioea: s3nudemuosio2us Kapueca; paHHul demckudl Kapuec; MemazeHom; 6UonsieHKu; Kapuec

THE RELEVANCE OF THE PROBLEM

Early childhood caries (ECC) is a medical and
social problem that seriously affects child health
and the quality of life of children and their fami-
lies. According to the World Health Organization,
about 620 million children in the world suffer from
this disease. ECC is classified as caries occurring
in children younger than 72 months old, with the
first signs of the disease manifesting between 18
and 24 months old.

In the scientific literature, early childhood caries
(ECQ) in children 3-5 years old is defined as one
or more carious (C), cariesogenic missing (CM), or
sealed (S) temporary anterior teeth or amount of
CCMS surfaces more than 4 ( at the age of 3 years),
more than 5 ( at the age of 4 years), or more than 6
(at the age of 5 years).

Accordingtotheliterature, 7% of children under
3 years old in developed European countries have
early childhood caries. In developing countries
this indicator reaches 35%. The prevalence of den-
tal caries in children under 3 years old in Moscow
reaches 57%? according to L.P. Kiselnikova (2013),.
There is no data from epidemiological studies
among this age group in Russia.

In Western countries, patients with early child-
hood caries are treated under general anaesthesia
with concomitant hospitalisation. This method is
often psychologically stressful for the child and
his family. It is also a very expensive method for
the health care system. In addition, the statistics
of caries recurrences in the next 2 years after ECC
sanitation demonstrates a disappointing result. In
our opinion, this disease requires a comprehen-
sive study and development of special persona-
lised methods of prevention before the onset of
pathology, as well as after complete sanation.

THE FUNDAMENTAL RATIONALE
OF THE RESEARCH

Metagenomics provides an opportunity to
study the fundamental aspects of the problem
of caries etiology with the subsequent deve-
lopment of etiotropic therapy and means of pre-
vention. Along with other microorganisms, the
Streptococcus leads in terms of importance in the
development of the carious process. The study

of pathogens, as well as the function of specific
genes in dental pathology becomes possible with
the help of metagenomic sequencing.

Oral diseases, including periodontal disea-
ses and dental caries, occupy leading positions in
terms of prevalence among human infectious di-
seases [2]. Caries continues to be an urgent prob-
lem in medicine in all regions. Its destructive effect
leads to significant expenses in the health care
system [3].

The human oral cavity is a moist, warm environ-
ment which can be easily colonised by micro-or-
ganisms. The presence of both hard and soft tis-
sues, each with a complex microanatomy, favours
the creation of many different niches and supports
the existence of a diverse microbiota. It is now
known that the most common oral diseases, the
dental caries and its complications, are likely to be
caused by multispecies communities rather than
by single, isolated pathogens [1]. Different micro-
bial species coexist and form a polymicrobial bio-
film, the plaque in the oral cavity [2, 6].

Metagenomics using next generation sequen-
cing (NGS) technology reproduces bacterial com-
position and genomic profiles of bacteria to study
the relationships between microbial diversity, ge-
netic variations and oral diseases. According to
Richard J. Lamont, the study of the genome of oral
microorganisms is at an early stage of develop-
ment [6]. The roles of pathogenic species and the
function of specific genes in the development of
dental disease have been discovered by metage-
nomic analysis. Annotations of oral microbial ge-
nomes support the hypothesis of association of
specific genes or metabolic pathways with oral
health and specific diseases [6]. Scientists have
also proposed a model of three-level interactions
occurring in the microbiome and determining the
state of dental health or disease [2].

Streptococcus are the microorganisms with the
most important relationship to pathological pro-
cesses. These microbes are often the first surface
colonisers and numerically dominant in the hu-
man oral cavity. A large number of interactions
between Streptococcus and other bacteria have
been documented and suggest their critical im-
portance in the development of multispecies mi-
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crobial communities and for the transition from
dental health to disease states.

Streptococcus are Gram-positive facultative an-
aerobic cocci. Improvements in microscopy tech-
niques and biofilm models allow a detailed view
of the spatial distribution of Streptococcus in oral
biofilm. There has been an increase in the use of
methods to analyse specific genes that modu-
late interspecies interactions. A number of stu-
dies have also found that Streptococcus produce
a spectrum of extracellular factors that facilitate
their integration into multi-species communities
and enable them to form "social networks" with
their "neighbouring" species. These "community
integration factors" include adhesins and recep-
tors that promote aggregation and small signal-
ling molecules.

Bishop et al. (2009) identified 4 groups of
oral Streptococcus (Figure 1) [1]. Two species of
Streptococcus group Mutans, named S. mutans
and S. sobrinus, were found to be associated with
human dental caries. Their acid-producing proper-
ties and the potential of being able to exist in an
acidic environment are directly related to the ca-
riesogenic potential of these bacteria. In order to
survive in the acidic conditions of the human oral
cavity with hundreds of competing bacteria, both
species have evolved many adaptation mecha-
nisms [4].

The cariesogenic potential of S. mutans may
be due to multiple virulence factors. These fac-
tors are: 1) the ability to metabolise carbohydrates
with concomitant release of lactic acid (acid gene-
ration); 2) the tolerance to and ability to survive in
an acidic environment; 3) the ability to facilitate
hydroxyapatite binding and promote intercellu-
lar adhesion; 4) the formation of multi-bacterial
grouped structures in dental plaque (biofilm for-
mation); and 5) the successful elimination of other
bacterial strains through the production of bacte-
riocins. The biofilm enters a state of progressive
cariesogenic potential when these virulence fac-
tors of S. mutans and other micro-organisms are
expressed phenotypically and work together [9].

Molecular studies have shown that S. mutans is
not always present in caries. Other acid-producing
bacteria may also play a role in the pathogenesis of
dental caries in some individuals are Lactobacillus
spp., Bifidobacterium dentium, S. sobrinus, S. sali-
varius/S. vestibularis and S. parasanguinis [7-9].

If S. mutans is involved, the additional presence
of the bifidobacterium Scardovia wiggsiae corre-
lates closely with dental caries [5].

The quantitative prevalence of primary colo-
nisers S. gordonii and S. sanguinus in the oral
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cavity contributes to limiting the growth of
S. mutans [7, 8]. The availability of oxygen to S.
gordoniiand S. sanguinus and their production of
hydrogen peroxide allow these microorganisms
to compete effectively with other streptococcal
species, including S. mutans [7-9]. In contrast,
S. mutans can antagonise the growth of other
oral Streptococcus by the formation and release
of bacteriocins [7, 8]. Interspecies antagonism,
similar to other environmental factors in the
oral cavity, helps to determine the outcome of
the competitive struggle between Streptococcus
which is primary colonising the oral cavity and
S. mutans. Ultimately, the patient's dental health
status is shaped or diseases being diagnosed, in-
cluding dental caries.

MATERIALS AND METHODS

Six children 20-36 months old with no con-
comitant general pathology, with an unremar-
kable allergological anamnesis and who had not
previously used antibacterial therapy were under
observation for 3 months. The children underwent
a complete dental examination and the need for
routine sanation under general anaesthesia was
identified. The patients were divided into two
groups according to gender.

Group 1 — 3 female patients on mixed feeding.

Group 2 — 3 male patients on mixed feeding.

The selection criteria was presence of noctur-
nal breastfeeding and sugar in the diet, when pa-
tients were involved in the groups. Patients were
subjected to bacteriological and molecular bio-
logical tests by polymerase chain reaction (PCR)
with real-time fluorescence detection of amplifica-
tion results before sanitation.

Material used for bacteriological examination
was collected from the surfaces of the first tem-
porary molars of the mandible and incisors of the
maxilla without special hygienic treatment. The
material was taken in the morning, before the
brushing procedure, using a sterile paper endo-
dontic pin of standard size (No. 30) and dispo-
sable sterile polypropylene probes with synthe-
tic pile, which were then placed in the solution
"DNA Express" for subsequent transport. The
system was kept at 2-4 °C until transport. Then
samples were transferred to the laboratory in a
refrigerated state for 1 hour. Bacteriological exa-
mination was performed according to the ge-
nerally accepted rules of clinical anaerobic mi-
crobiology.

The samples were then subjected to
high-throughput metagenomic sequencing at the
SPbSU Resource Centre using an lon Torrent PGM
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Fig. 1. Phylogenetic tree of the genus Streptococcus (according to Bishop et al., 2009)
Puc. 1. ®unoreHeTuueckoe apeso pofa Streptococcus (no Bishop et al., 2009)

sequencer (Life Technologies) for 16S RNA marker
genes using "universal" primers to identify the mi-
crobial community.

CONCLUSIONS

Plaque samples obtained from the teeth of 1st
group showed a higher number of opportunistic
and cariesogenic microflora in contrast to samples
from group 2. Due to the high cost of the study,
these results need quantitative support and future
confirmation or refutation. In our opinion, they are
worthy of discussion in the professional communi-
ty on the basis of the significance of this pathology
in terms of the proportion of ECC among dental
diseases of children.

The next step is to study the changes in the
microbiota during 6-18 months after sanitation
to draw preliminary conclusions on the materials

used. The other step is to change the composition
of child’s microbiota under conditions of complete
sanitation. This publication also aims to encou-
rage paediatric dentists to actively participate in
research on ECC.
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OONOJIHUTEJIbHAA UHOOPMALINA

Bknap aBTOpoB. Bce aBTOpbl BHeCnu cyule-
CTBEHHbIN BKNag B pa3paboTKy KOHUenumu, npo-
BefeHMe uccnefoBaHUA U MOArOTOBKY CTaTbw,
npounv n ogobpunn GuHanbHy Bepcuio nepen
nyénukaumen.

KoHdnukT nHtepecoB. ABTOpbI AeKnapupyoT
OTCYTCTBUME ABHbIX 1 NOTEHLMANbHbBIX KOHPJINKTOB
WHTEpEecoB, CBA3aHHbIX C nybnukaumemn HacTos-
e cTaTbu.

UcTouHuK ¢uHaHcMpoBaHUA. ABTOPbI 3asB-
nAT 06 OTCYTCTBUN BHELHEro GUHAHCUPOBaAHUA
npuv NpoBeAeHN NCCiIefoBaHNA.

NHdopmupoBaHHOe cornacue Ha ny6nuka-
yuio. ABTOpPbI MOAYyYUSIN MUCbMEHHOE cornacme
nauMeHToB Ha Nny6nuMkauuio MeaVUMHCKUX AaH-
HbIX.
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