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ABSTRACT

The aim: Calculate the antagonistic activity of representatives of the oral biotope.

Materials and methods: The mathematical techniques used in biotechnology and dentistry. The calculations were carried out on the basis of the research data obtained by
the investigators from Ukrainian Medical Stomatological Academy (UMSA) (Poltava).

Results: The paper shows that the oral biocenosis is a group of microorganisms that have similar characteristics within the group, but different outside. This may indicate to
the relationships between the bacteria, existing within such groups. A graphical demonstration of the associates of the oral biotope with different DMF represents their growth
phases depending on the intensity of dental caries. The different slope and phases of the logistic curve of their growth may indicate certain relationships arising between groups
of microorganisms.

Conclusions: The symbiotic relationships within the oral biocenosis can be manifested by the antagonism, as indicated by the index of antagonistic activity, which in most cases
can be calculated. Antagonistic activity can be determined more precisely, for which special techniques have been developed. Antagonistic activity of associates of biocenosis
can serve as an indicator of the “conditionally pathogenic - pathogenic” transformation. Data on antagonistic activity can be used in oral hygiene activities and treatment of

dental caries to impact the oral microbiocenosis. Data on antagonistic activity may have a predictive value.
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INTRODUCTION

The study of microbial organizations on the body surfaces
and cavities has been studied in medicine since L. Pasteur
suggested that human and animal diseases, similar to
rotting and fermentation, are caused by certain types of
microorganisms, and R. Koch discovered and studied the
causative agents of serious human infectious diseases and
laid the foundation of the new science of microbiology,
medicine has paid great attention to.

In dentistry, it is scientifically proven that microorganisms
of dental plaque are the cause of origination and develop-
ment of dental caries [1, 2]. Dental caries has been studied
worldwide. The Ukrainian Medical Stomatological Academy
(UMSA, Poltava) is no exception [3 - 7]. Microflora represen-
tatives, causing dental caries, isreferred to the normal flora
of the oral cavity [8]. Regarding the dysbiosis, a paradigm is
currently being developed that this pathology arises due to
disruption of the dynamic equilibrium between the forces
of opposing biological objects, namely, macro- and micro-
organisms [9]. Recent researches are devoted to the problem
of symbiosis of microorganisms in biological objects in the
form of biofilms. Depending on the tasks set byinvestigators
the attitude towards microorganisms varies from negative
to directly opposite [10]. This situation makes it rational to
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study the relationship between the representatives of oral
microflora. Understanding the correlations between them
can be helpful in choosing a therapeutic effect with optimal
parameters (type, method, effect, duration).

THE AIM
The paper was aimed at presentation of correlations between
the associates of oral biotope using mathematical analysis.

MATERIALS AND METHODS

Studies made at the Department of Therapeutic Dentistry
and the Department of Microbiology, Virology and Immu-
nology of the Ukrainian Medical Stomatological Academy
(UMSA), as well as publications related to the study of mi-
croflora have been used during the research. Bibliosemantic
analysis, interference and extrapolation of the resulting
data on the correlations in oral biocenosis, mathematical
methods, online calculator have been utilized.

RESULTS
Graphical representation of the microflora of the oral bio-
cenosis at various values of the DMF index, based on data
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Fig. 2.The growth curve of biological organisms. | — the lag-phase; Il —
phase of growth acceleration; Ill — phase of exponential growth; IV — phase
of growth retardation; V — stationary phase; VI — phase of cultureextinct.

from a study conducted by the UMSA investigators, illus-
trates fragments of the growth of biological objects corre-
sponding to the logistic growth curve. The growth dynamics
diagrams of the representatives of the oral microbiota in
individuals with different DMF values have different slope,
similar to the different growth phases of microorganisms.

This fact indicates certain intermicrobial relationships
between the associates of the oral biocenosis. Apparently,
antagonism is a type of symbiotic relationships.

The antagonistic activity of the representatives of the
oral biotope was determined at different intensity of the
carious process.
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intensity of dental caries, Ig CFU/ml.

Determination of the antagonistic activity of the rep-
resentatives of the studied microflora of the oral biotope
showed that in most cases this is possible.

The erroneous result in determining the AA of the
representative of the fungal microflora, as well as other
representatives with an exponential growth site of the
logistic curve, can be explained by the incompleteness of
data about it, or by the actual absence of Candida in the
biocenosis in DMF = 0. It can also be associated with the
need to introduce additional coefficients into the formula,
or to adapt it more correctly.

Noteworthy, the colonies of S. y-haemolyticus increase
insignificantly with increasing intensity of dental caries
that is more cariogenic compared to fungi.

In 2013, the faculty members of the UMSA (Department
of Therapeutic Dentistry; Department of Microbiology, Vi-
rology and Immunology; T.A. Petrushanko, V.V. Chereda,
G.A. Loban) conducted a study of the oral microbioceno-
sis in people aged 19-25 years with different intensity of
dental caries. The study was devoted tothe analysis of the
percentage and quantitative ratio of the microflora of the
oral biotope in individuals with different DMF indices (the
WHO’s recommendations, 1963). The findings showed
that the increase in the intensity of dental caries promoted
disbalance in the composition of theoral microflora. Note-
worthy, in all examined individuals of this age, regardless
the DMF value, the PMA index (Parma modification,
1960) was zero [11].

Graphical demonstration of the findings of the study of
oral microbiocenosis in individuals with different caries
intensity enabled visualization of the developmental and
state indicators of the studied microflora. The presentation
of the material (Fig. 1) demonstrates the assignment of
the representatives of the oral biotope into several groups
according to their amount in the saliva of the subjects with
different DMF.

Graphic image demonstrates a group of microorganisms,
which, in a certain way, reduces colony formation with an
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increase of DMF (Fig. 3), and a group of microorganisms,
which increases colony formation with the rise of DMF

(Fig. 4).

Fig. 3. The dependence of oral microbiota
representatives at Phase V and VI of the lo-
gistic curve on the intensity of dental caries,
lg CFU/ml.

Fig. 4. The dependence of oral microbiota
representatives at Phase Il and IV of the
logistic curve on the intensity of dental caries,
Ig CFU/ml.

Fig. 5. The dependence of oral microbiota
representativesatPhase lll and IV of the logistic
curve with a pronounced exponential growth
site from the intensity of dental caries, Ig
CFU/ml.

Within the group of microorganisms that increase the number
of colonies with an increase in DME a group with a pronounced

exponential area of growth can be distinguished (Fig. 5).
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Populations of any species existing on the Earth, being
in conditions favorable for life, increase their numbers
according to a certain pattern (Fig. 2) [12].

The curves of the presented type are called S-shaped
curves. For the first time, the Belgian mathematician Pierre
Verhulst introduced the equation for such a curve to de-
scribe the population size, and called the curve logistic. A
great contribution to the development of the approach was
made by Raymond Pearl, who used it to describe changes
in the number of populations of organisms and population
size. Biologists call the similar graphics the Pearl curve [13].

The populations of bacteria, plants, animals and any liv-
ing speciesexisting in favorable conditions increase in size
exponentially. After some time, due to excessive population
size, the habitat is weakened and degraded. Ecological crisis
comes, during which the population size rapidly reduces
to alevel lower than the degraded environmental capacity.
Collapse comes. If during the collapse the environment is
gradually restored, then, subsequently, the population size
also increases. It enters the stabilization phase, and its size
will vary at the level specified by the capacity of the envi-
ronment. If not, then the population becomes extinct [14].

Curves of changes in the number of representatives of
the oral biocenosis at different values of the DMF index
in a study conducted by the UMSAinvestigators visualize
the fragments of biological objectsgrowth corresponding
to the logistic growth curve. The diagrams of changes in
the number of thestudied microorganisms in individuals
with different DMF values have a different slope, similar
to the different stages of organisms’growth.

To achieve the objectives of the research,mathematical
analysis is commonly used in the studies,related to micro-
flora analysis. The faculty members of Sumy State Univer-
sity and State University “L.V. Gromashevskiy Institute of
Epidemiology and Infectious Diseases” of the NAMS of
Ukraine (Kiev) have analyzed the incidence of morbidity
and etiological structure of the acute intestinal infections
and investigated the intermicrobial relationships of the
dominant pathogens. In the study, antagonistic index was
calculated by the formula:

= (K/K+T)x 100% (1)
where:K - thenumberofcoloniesoftheinvestigatedculture;
T - the number of colonies of test-strain [15].

Another study relates to microbiology and can be used
to study the mechanism of intermicrobial interactions, in
particular the role of individual cellular components of
microorganisms in the regulation of antagonistic relation-
ships in microbial communities. The CFU and antagonistic
activity (AA) is calculated in the experimental and control
samples according to the formulas:

AA_ =(A-B)/Ax100% 2)

roerence = (A = B,) / A X 100% (3)
where:AA - antagonlstlc activity of microorganisms; A -
growth control of indicator strain, CFU t,/ CFU t (control
1); B, - control of antagonistic activity, CFU t, '/ CFU t,
(control 2); B, - the degree of growth of the indicator strain,
CFU t/CFU t (test); t, - the beginning of the growth of
microorganisms; t, - the number of microorganisms within
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8 hours. The change in antagonistic activity is calculated
by the formula AA=AA - AAexperlence [17].

The third work relates to the field of microbiology and
biotechnology and represents the production of the new
bacterial strain Lactobacillus paracasei 1, which can be
used in the microbiological industry and in the produc-
tion of probiotics. The adhesive properties of lactobacilli
against human and porcine erythrocytes were assessed by
the formula:

=(D,+D,-D,_)/D,_x100% (4)

where PA - an indicator of adhes1on, - optical density

of the supernatant in the 1* control sample, - optical

density of the supernatant in the 2™ control sample, exper

- the optical density of the supernatant in the experimental
sample [23].

Mathematical expressions used in the above works are
used in dentistry to determine the prevalence of patho-
logical processes. In particular, the calculation of the
prevalence of dental caries occurs in the same way, which
is carried out according to the formula [24]:

J =(N/N_ )x100% (5)

where:] - prevalenceofdentalcaries; N - number findi
viduals with decayed teeth; N - number of examined
individuals.

In determining inflammatory periodontal diseases, a
similar technique is used in assessing the severity and
prevalence of gingivitis in a patient:

PMA = sum of points / 3 x number of teeth x 100% (6)

This is papillo-marginal-alveolar (PMA) index of inflam-
mation in the periodontitis [14].

Generally, similar mathematical formulas can be used
inprocessing dynamic statistical data. The formula of
the adhesion index of Lactobacillus paracasei 1 is most
adaptable to the objectives of our research. We replace
the ITA with antagonistic activity, D_with the number of
microorganisms with alower DME D 2w1th the number of
microorganisms with a higher DME D with the number
of microorganisms with the minimal DME, possible for the
reference value. In this case, we obtain an expression that
can provide accurateassessment of the antagonistic activity
of the associative organisms of the oral biotope studied by
the UMSA investigators. The formula can be calculated
using online math calculators [18].

To calculate the antagonistic activity (AA) of the rep-
resentatives of the oral biotope, we take several microor-
ganisms with different growth phases. Calculate AA for
corynebacteria (Corynebacteriumis a representative of
normal flora, which decreases its number with increasing
DMF). Adapt Formula 4 to our calculations:

= (N, +N,-N)/N,) x 100%, )

where: AA - the antagonistic activity of microorganisms; N,
- the number of colonies of microorganisms with low DMF;
N, -the number of colonies of microorganisms with high DMF;
N_ - number of colonies of microorganisms in the physiological
norm. In this case, in DMF = 0, we take the number of micro-
organisms equal to the physiological norm (see Fig. 3).

Substitute the numerical values for corynebacteriain DMF
< 6 in the adapted formula 7: AA = ((5.5 + 5.4 - 5.5) / 5.5)
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x 100%. Perform a calculation by online calculator and get
the value: AA = 98.18%. Calculate AA for DMF > 6: AA =
((5.4 +4.7 - 5.5) / 5.4) x 100%. The value of AA is 85.18%.

Make calculations for Candida fungi: in DMF < 6 AA =
((0+4-0)/0) x 100%. The calculation on the online cal-
culator gives the value of AA = error, i.e. calculation error.
InDMF = 6: AA =205%.

Make calculations for S. y-haemolyticus, including
S. mutans [21]:inDMF <6 AA =((6 +6,7-6)/ 6) x 100%.
The calculation on the online calculator gives the value of
AA =111,67%. In DMF > 6: AA = 119,40%.

DISCUSSION

On the Earth, bacteria do not live in isolation, therefore
their properties and functions in the existence of other
microorganisms are not identical to those in monocultures.
This fact dictates the need to study the intermicrobial
interactions of the associates of biocenoses. Numerous
researches have shown that one of the types of symbiotic
relationships is the antagonism [20]. The properties mani-
fested by bacteria in its process are one of the mechanisms
for the formation and functioning of microbial communi-
ties. Human microbiocenoses are no exception [21]. The
above publications reported that the study of intermicrobial
correlations between the associates made it possible to dis-
tinguish several of their varieties: indifferent, stimulating,
inhibiting, and inverting [22].

Contemporary dentistry put forward some representa-
tives of the normal microflora of the oral biotope, namely,
oral streptococci, lactobacilli and some actinomycetes as
a pathogenic onset of dental caries. These microorganisms
ferment carbohydrates with the formation of acids in the
process of vital activity, contributing to the demineraliza-
tion of hard tooth tissues [23]. A number of publications
contain reference on the fact that carious pathology is
manifested by the increase in the number of fungi of the
genus Candida in the oral cavity [24, 25]. These data put
more emphasis on the problem of considering correlations
within the microbiocenoses of the human body.

CONCLUSIONS

The study shows that the oral biocenosis is a group of mi-
croorganisms that have similar characteristics within the
group, but different outside. This may indicate existence of
relationships between the components of bacteria within
these groups. And different slope of the logistic curve
between groups of microorganisms may indicate certain
relationships arising between these groups.

A graphic representation of the associates of the oral bio-
tope in different DMF represents the phases of the logistic
curve depending on the intensity of carious pathology.

The symbiotic relationships within the oral biocenosis
can be manifested by the antagonism, as indicated by the
index of antagonistic activity, which in most cases can be
calculated. Antagonistic activity can be determined more
precisely, requiring application of special techniques.

Antagonistic activity of associates of a biocenosis can be
the indicator of the “conditionally pathogenic-pathogenic”
transformation. A slight increase in the S. y-haemolyticus
colonies with an increase in the intensity of dental caries
highlights the need to study the cariogenic representative
of this group of microorganisms.

Data on antagonistic activity can be used in oral hygiene
activitiesand treatment of dental caries to impact the oral
microbiocenosis. Data on antagonistic activity may have
a predictive value.
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