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Abstract 
Introduction. By fixing on the exposed surfaces of complete removable dentures and oral soft tissues, bacteria 
form a biofilm, thereby increasing their overall virulence and resistance. The microorganisms that make up the 
biofilm are often in a symbiotic relationship, which allows them to increase their pathogenic potential and cause 
the development of denture stomatitis. Accordingly, when a particular strain is present in the oral cavity, the risks 
of symbiosis are significantly increased.
The aim of the study was to evaluate the effect of symbiotic relationships of oral bacteria on the development of 
inflammatory changes in the oral cavity in the absence of teeth.
Materials and methods. Two groups of patients belonging to the elderly age according to WHO systematization 
(60–74 years) with complete absence of teeth (K08.1) were formed, differing in the presence of clinical 
manifestations of inflammation (82 men and 49 women). Biological material sampled from the oral cavity of 
patients was studied using the culture method and RT-PCR. To quantify the interaction between members of the 
microbiocenosis, we used the Jaccard similarity coefficient.
Results. Coagulase-negative and coagulase-positive staphylococci, Neisseria, Candida spp. fungi, 
Enterobacterales and F. nucleatum were more frequently found in patients with complete absence of teeth. 
Expressed symbiotic relations between microorganisms of the "Enterobacterales order, Lactobacillus, Neisseria 
and Corynebacterium genera, as well as S. salivarius, C. albicans, F. nucleatum were established. The nature of 
these relations depended on the presence of inflammatory changes in the oral mucosa and, in turn, influenced the 
development of the latter. Thus, in the absence of inflammation, Corynebacterium, Lactobacillus and S. salivarius 
showed stable synergism. In case of inflammation, the association between these bacteria was accompanied by 
the introduction of F. nucleatum and displacement of S. salivarius. 
Conclusion. Thus, conditionally pathogenic microorganisms, forming microbial associations with multidirectional 
symbiotic relations increase their virulence, which allows them to occupy free niches in the oral cavity and 
subsequently trigger the development of pathological process of inflammatory character of prosthetic bed tissues.
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Оценка вклада симбиотических отношений микроорганизмов 
ротовой полости в развитие воспалительных изменений 
слизистой оболочки рта при полном отсутствии зубов
Шулятникова О.А., Яковлев М.В., Годовалов А.П.  
Пермский государственный медицинский университет имени академика Е.А. Вагнера, Пермь, Россия

Аннотация 
Введение. Фиксация на открытых поверхностях съёмных пластиночных протезов и мягких тканей ротовой 
полости бактерий в виде биоплёнки обеспечивает повышение вирулентности и резистентности микроб-
ного сообщества. Микроорганизмы, входящие в состав биоплёнки, зачастую находятся в симбиотических 
отношениях, что позволяет им увеличивать свой патогенный потенциал и вызывать развитие протезных 
стоматитов. 
Цель исследования — оценка вклада симбиотических отношений бактерий ротовой полости в развитие 
воспалительных изменений слизистой оболочки рта при полном отсутствии зубов.
Материалы и методы. Сформированы две группы пациентов в возрасте 60–74 лет (82 мужчины и  
49 женщин) с полным отсутствием зубов (К08.1), различающиеся по наличию клинических проявлений 
воспаления. Биологический материал, отобранный из ротовой полости пациентов, изучали с использова-
нием культурального метода и полимеразной цепной реакции для выявления микроорганизмов полости 
рта. Для количественного выражения взаимодействия между членами микробиоценоза использовали ко-
эффициент сходства Жаккара. 
Результаты. У пациентов с полным отсутствием зубов в микробиоте протезного ложа доминировали 
коагулазоотрицательные и коагулазоположительные Staphylococcus spp., Neisseria spp., Candida spp., 
Fusobacterium spp. и представители порядка Enterobacterales. Установлены выраженные симбиотические 
связи между микроорганизмами порядка Enterobacterales, родов Lactobacillus, Neisseria и Corynebacterium, 
а также Streptococcus salivarius, C. albicans, F. nucleatum. При этом характер этих отношений зависел от на-
личия воспалительных изменений слизистой оболочки рта и, в свою очередь, влиял на развитие последних. 
Так, в отсутствие воспаления устойчивый синергизм проявляют Corynebacterium spp., Lactobacillus spp. и  
S. salivarius. В случае присоединения воспаления в ассоциации этих бактерий наблюдается внедрение  
F. nucleatum и вытеснение S. salivarius. 
Заключение. Условно-патогенные микроорганизмы, формируя микробные ассоциации с разнонаправлен-
ными симбиотическими отношениями, могут увеличивать свою вирулентность, что, вероятно, позволяет 
им занимать свободные ниши в ротовой полости, а в последующем обеспечивать развитие патологическо-
го процесса воспалительного характера тканей протезного ложа.

Ключевые слова: симбиоз, микроорганизмы, воспаление, полость рта, полное отсутствие зубов, про-
тезный стоматит
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Introduction
A comprehensive approach to dental treatment 

requires a detailed diagnosis of pathologies of the den-
to-mandibular system. Treatment of patients with com-
plete absence of teeth in most clinical cases, in addition 
to the main dental disease, is accompanied by sever-
al concomitant pathologies that are associated with 
acute, subacute or chronic inflammatory process in the 
soft tissues of the denture bed [1]. The development 
of denture stomatitis is caused by both general and lo-
cal etiological factors, often contributing to the rapid 
chronicization of the pathological process. Among such 
factors, the representatives of the oral microbiome play 
a decisive role. 

Currently, various authors consider the oral cavity 
as a functionally and morphologically limited ecosys-
tem, the main part of which are microorganisms (MO) 
[2, 3]. At the same time, direct contact with the external 
environment creates conditions for the establishment 
of an extensive range of transient microbes, many of 
which are fixed on open tissues and subsequently popu-
late the oral cavity, becoming part of the permanent mi-
crobiota of the biotope [4, 5]. It should be noted that the 
differences in microanatomy, humidity, mobility and 
aeration of individual structures of the oral cavity, as 
well as the presence of dental structures and fillings in 
it contribute to the emergence of comfortable niches for 
the attachment and reproduction of opportunistic patho-
genic microbes with both anaerobic and aerobic type 
of metabolism [6]. The latter, in turn, possess an exten-
sive spectrum of pathogenicity factors, one of which is 
adhesive ability. Fixing on open surfaces of hard and 
soft tissues of the oral cavity, as well as artificial sol-
id media, bacteria form a biofilm through cooperation 
and complex interaction, due to which their general 
virulence and resistance increase [7]. This spatial and 
structural association of individual strains of MO in the 
extracellular polysaccharide matrix is the main factor in 
the occurrence of the overwhelming spectrum of patho-
logical processes of inflammatory character observed 
in the oral cavity [8, 9]. The latter, in turn, are often 
induced by exo- and endotoxins released by microbial 
cells and representing activators of mediated action on 
the macroorganism. The danger of such a bacterial eco-
system lies not only in resistance to most antibacterial 
drugs, but also in resistance to the factors of cellular 
and humoral immunity of the macroorganism, which is 
especially relevant for elderly people [10]. 

In the mid-1970s, the plaque-specific theory was 
formulated from the standpoint of clinical microbiolo-
gy, which adheres to the concept of monoethiology of 
infectious and inflammatory diseases [11]. According 
to this theory, the development of the inflammatory 
process should be associated with the presence or rela-
tive predominance either in the biofilm composition or 
in the planktonic state of one etiologically significant 
MO species. However, due to the high contamination 
of the oral cavity and the presence of “comfortable” 
conditions for the formation of bacterial films, the doc-
trines described above somewhat lose their relevance.

It has been confirmed [12, 13] not only the impor-
tance of the bacterial composition of biofilms formed 
in the oral cavity on the surface of hard tissues of teeth 
and elements of dental structures in the development of 
inflammatory pathologies of the oral mucosa (OM), but 
also the amount of dental plaque and the time of its stay 
in direct contact with the soft tissues of the biotope in 
question. 

Due to the formation of a close spatial-structur-
al association, the bacteria included in the biofilm are 
often in symbiotic relations, which allows them to in-
crease their pathogenic potential. At the same time, the 
introduction of a particular type of MO into such a sym-
biosis can both significantly change the orientation of 
symbiotic relations and influence the manifestations of 
the clinical picture. It is of interest to study the nature 
of interaction of oral cavity MOs in the presence and 
absence of inflammatory process.

The aim of the study was to evaluate the effect of 
symbiotic relations of oral cavity MOs on the develop-
ment of inflammatory changes in the oral cavity in the 
absence of teeth.

Materials and methods
The basis for the formation of patient groups for 

the study was the assessment of the state of denture bed 
tissues in the complete absence of teeth. The study in-
cluded individuals who, according to the World Health 
Organization systematization, belonged to the elderly 
age group (60-74 years old; Table 1).

In order to determine the changes in the interspe-
cies relationships of the oral cavity MO in the presence/
absence of inflammatory changes in the denture bed tis-
sues, the patients were divided into two groups. The first 
group (n = 66) included patients who had been using 
previously fabricated complete removable plate pros-

Table 1. Study group composition

Participants
Group 1 Group 2

n age, years n age, years

Males 40 64.3 ± 1.2 42 66.1 ± 1.1

Females 26 65.7 ± 1.4 23 64.8 ± 1.5
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theses made of acrylic plastic Etacryl-02 for at least 6 
months before the examination, who had passed the ad-
aptation period and had no clinical signs of inflammato-
ry phenomena in the oral cavity and periodontal tissues. 
The second group (n = 65) included persons who had 
been using complete removable plate prostheses made 
of acrylic plastic Etacryl-02 for at least 6 months before 
the study, who had passed the adaptation period and 
whose objective clinical examination revealed signs 
of inflammation of soft tissues of the prosthetic bed 
(chronic prosthetic stomatitis), the bacterial etiology of 
which was confirmed by microbiological analysis. 

The clinical and experimental studies were ap-
proved at the meeting of the local ethical committee of 
the E.A. Vagner Perm State Medical University (proto-
col No. 9 from 30.09.2021).

The material for the study was obtained from the 
OM of the denture bed in the area of the apex of the al-
veolar process of the maxilla (projection of the 1st and 
2nd premolars on the maxilla - taking into account the 
outlet of the duct of the parotid salivary gland) using a 
swab-probe and Amies transport medium. After prelim-
inary dilution of the material, the contents were sown 
on blood agar, Endo and Sabouraud media, selective 

media for streptococci isolation. Incubation was carried 
out at 37°C in a humid atmosphere under microaero-
philic conditions. The isolated strains were identified 
by culture, tinctorial and biochemical characteristics.

DNA of periodontal pathogens was detected and 
quantified in biological material using the Dentoscreen 
reagent kit (Litech Co. Ltd.) by real-time polymerase 
chain reaction with hybridization-fluorescence detec-
tion. 

To quantify the interaction between members of 
the microbiocenosis, the Jaccard similarity coefficient 
(q) was used, calculated by the following formula: 

q = c/(a + b – c) × 100,

where a — number of observations with type a; b — 
number of observations with type b; c — number of 
observations containing both types of MO.

If q ≤ 30% — conditions in the biotope are anta-
gonistic, with q from 30 to 70% bacteria are capable of 
coexistence, and their ecological commonality is great 
(synergism), q ≥ 70% — only joint existence of bacteria 
is possible (a state close to mutualism).

Statistical analysis of the data was performed us-
ing four-field conjugation tables and χ2-criterion.

Table 2. Frequency of MO detection in the oral mucosa in the denture bed of patients (% of cases)

МО Group 1 (n = 66) Group 2 (n = 65) p between groups

Staphylococcus spp. 95.5 98.5 0.32

Coagulase-positive staphylococci 33.3 76.9 0.19

including: S. aureus 45.5 66.0 0.001

S. intermedius 4.5 32.0 0.001

S. hyicus 50.0 2.0 0.003

Coagulase-negative staphylococci 98.9 75.4 0.001

Streptococcus spp. 83.3 50.8 0.001

S. salivarius 33.3 6.2 0.001

S. pyogenes 15.2 52.3 0.001

Neisseria spp. 48.5 53.8 0.54

Candida spp. 46.9 78.5 0.001

including: C. albicans 48.4 39.2 0.3

Enterobacterales 66.7 50.8 0.065

including: E. coli 11.4 45.5 0.027

Klebsiella spp. 25.0 51.5 0.19

Enterobacter spp. 47.7 48.5 0.36

Lactobacillus spp. 33.3 55.4 0.012

Corynebacterium spp. 34.8 49.2 0.096

Enterococcus spp. 18.2 26.2 0.27

F. nucleatum 28.8 76.9 0.001

T. denticola 0 0
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Results
In patients with the complete absence of teeth, the 

microbial associations were characterized by a high di-
versity of MO species and complex relationships be-
tween them. Thus, in patients with complete absence 
of teeth, a significant proportion of coagulase-negative 
and coagulase-positive Staphylococcus spp. other than 
S. aureus, as well as Neisseria spp., yeast fungi of the 
Candida genus, Enterobacterales, and Fusobacteri­
um nucleatum were found in the microbiota (Table 2). 
Among the representatives of the Enterobacterales 
order, representatives of the Klebsiella spp. and En­
terobacter spp. genera were often found. Among the 
commensal species Streptococcus spp. strains with a 
wider set of pathogenicity factors, S. pyogenes were 
dominant.

According to the conducted research, the devel-
opment of inflammatory complications of OM in the 
denture bed of patients with complete absence of teeth 
corresponded to colonization of the biotope by coag-
ulase-positive species of Staphylococcus genus, in-
crease in the share of S. pyogenes and decrease — of 
S. salivarius, increase in the occurrence of yeast fungi 
of Candida genus and Escherichia coli. Furthermore, it 
was found that more frequent detection of F. nucleatum 
markers was associated with the presence of denture 
stomatitis. 

In the present study, no MO strains were isolated 
as a monovariant, and the minimum number of asso-
ciates was at least 3. At the same time, no significant 
difference in the number of associates in microsym-
bioses among the compared groups was found. When 
evaluating pairwise relationships by Jaccard's coeffi-
cient, pronounced symbiotic relationships were found 
between the MOs of the Enterobacterales order, Lac­
tobacillus, Neisseria and Corynebacterium genera, as 
well as S. salivarius, C. albicans, F. nucleatum. The 
nature of these relationships depended on the presence 
of inflammatory changes in the oral cavity. Among co-
agulase-negative staphylococci inhabiting the oral cav-
ity of group 2 patients, it was noted that S. epidermidis 
showed the ability to coexist with S. pyogenes (q = 50), 
and S. schleiferi – with bacteria of the genus Lactoba-
cillus (q = 50). In group 1, coagulase-negative staphy-
lococci showed antagonistic properties against E. coli, 
S. mitis and Neisseria spp.

Corynebacterium spp. and Lactobacillus spp. with 
active participation of S. salivarius (Fig. 1) are charac-
teristic symbionts for the oral cavity mucosa of group 1 
patients, which are found in the vast majority of cases, 
and mutualistic relationships are formed between them 
and S. salivarius (q > 70). The formation of such an 
association allows participants to exert an antagonistic 
effect on representatives of the order Enterobactera­
les, the most common in dry mucosa of the oral cavi-
ty [14]. A negative point in group 1 patients should be 
recognized as a persistent ecological commonality be-
tween Corynebacterium spp. and Fusobacterium spp.  
(q = 75), which may be due to the syntrophy of these 
bacteria. Thus, Corynebacterium spp. synthesizes se-
veral free fatty acids essential for Fusobacterium spp. 
which, in turn, facilitates the availability of Coryne­
bacterium amino acids [15]. The associations of these 
species, according to some authors, are most frequently 
registered in oral squamous cell cancer [16]. 

Yeast fungi of the Candida genus were found in 
46.9% of cases in group 1 patients, which showed syn-
ergism with Neisseria spp. (q = 42.4) and Enterobac­
terales (q = 63.6). Neisseria spp. probably adapted to 
coexist with Candida spp. in this community because 
fungi are unique biochemical transformers, and the 
products of their metabolism are convenient for utili-
zation by Neisseria spp. [17]. The synergism between 
fungi of the Candida and Enterobacterales is due more 
to increased antimicrobial resistance [18].

S. salivarius strains isolated from group 1 patients 
were found to exhibit pronounced (up to mutualistic) 
symbiotic relationships with lactic acid-producing Lac­
tobacillus. However, as shown in the study [19], Strep­
tococcus spp. bacteriocins can inhibit the production of 
this metabolite by Lactobacillus spp. 

S. salivarius, which exhibited pronounced (up to 
mutualistic) symbiotic relationships with Lactobacillus 
spp. in group 1, do not participate in the formation of 
a persistent association of MO in the complete absence 
of teeth and accession of inflammation (Fig. 2). This 
situation leads to the formation of synergism not on-
ly between Corynebacterium spp. and Fusobacterium 
spp. (q = 60.8), but also between Lactobacillus spp. 
and Fusobacterium spp. (q = 62.3), indicating a closer 
incorporation of Fusobacterium spp. into the oral mi-
crobiocenosis and requiring a comprehensive targeting 

Fig. 1. The nature of the symbiotic relationship of the oral MOs of group 1 patients.

S. salivarius Neisseria spp.

        (q = 83,3)       (q = 42,4)

Lactobacillus spp.
(q = 2,4)

   Enterobacterales
(q = 63,6)

C. albicans

(q = 0,0) (q = 25,7)         (q = 78,9)

Corynebacterium spp. (q = 75,0) F. nucleatum

— mutualism 
— antagonism
— synergism
— neutrality
— strong bond
— weak bond
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approach to oral antibacterial treatment before prostho-
dontics. 

Synergism between Enterobacterales, fungi of 
the Candida genus and Neisseria spp. (q = 30–70) in 
group 2 patients persists and leads to the displacement 
of S salivarius. Furthermore, F. nucleatum forms more 
divergent relationships than strains of the same species 
isolated from group 1 patients. Thus, if in group 1 pa-
tients the neutrality between Fusobacterium spp. and 
Neisseria spp. was revealed, in group 2 patients these 
species show synergism (q = 66.7). The nature of rela-
tionships in the pair of Fusobacterium spp. and C. albi­
cans changes in the case of inflammatory changes in the 
mucosa to antagonistic (q = 18.6), which, at first glance, 
does not seem logical, but is quite explainable by the 
fact that in antagonistic relationships between bacte-
ria the spectrum of their metabolite changes, which is 
reflected in the clinical picture. Antagonistic relations 
between bacteria of the Enterobacterales order and the 
Lactobacillus genus are preserved in patients with and 
without clinical markers of inflammatory process. 

Discussion 
The oral microbiome is populated by representa-

tives of more than 300 species of bacterial taxa alone. 
Within such a system, complex relationships are formed 
between individual members of associations, often not 
always mutualistic or synergistic. Different techniques 
have been proposed to study bacterial relationships, 
which, however, are characterized by complexity of 
replication and difficulty of interpretation. In the pre-
sent study, we propose to use an index approach based 
on the Jaccard coefficient, which allows to reveal not 
only the directionality of the relationship, but also part-
ly its expression. 

Among all oral cavity MOs, S. salivarius, which 
belongs to the autochthonous symbionts of this bio-
tope, should be emphasized. It has been shown that this 
species has a pronounced antimicrobial and antibiofilm 
activity [20], which was confirmed in the present study, 
when in patients without inflammatory changes in OM 
this species enhances antagonistic properties at the ex-
pense of Lactobacillus spp. and Corynebacterium spp. 

However, in the case of inflammatory changes, which 
are probably due to changes in the oral microbiome, an 
almost complete displacement of this species by Strep­
tococcus spp. was observed. 

According to the results of the study, Entero­
bacterales are allochthonous microbes that retain 
antagonistic relationships with autochthonous MOs 
(Lactobacillus spp., Corynebacterium spp.) and syn-
ergism with yeast fungi of the Candida genus both in 
the absence of clinical manifestations of the inflamma-
tory process (prosthetic stomatitis) and in their pres-
ence. Such a picture indicates that bacteria with a wide 
range of pathogenicity factors and, accordingly, more 
pronounced virulence (e.g., Enterobacterales), which 
are not characteristic for the oral cavity, by fixation on 
the structural material of removable dental prostheses 
occupy free niches, and later, with a decrease in the 
activity of the immune system, poor hygiene or other 
provoking factors, it is these taxa that ensure the de-
velopment of inflammatory processes in the soft tissues 
of the denture bed, together with autochthonous con-
ditionally pathogenic MOs (Candida spp., etc.). At the 
same time, a change in the orientation of the relation-
ship between Enterobacterales and F. nucleatum from 
mutualistic to antagonistic in the presence of inflamma-
tory phenomena of denture bed tissues in patients with 
complete absence of teeth is likely to correlate with the 
worsening of the clinical picture when the association 
of these MOs is detected. 

Conclusion
The obtained results allow us to consider S. pyo­

genes, E. coli, F. nucleatum and Candida spp. as initia-
tors of pathological changes of inflammatory character 
in soft tissue periodontal tissues of persons using com-
plete removable plate prostheses with a base made of 
acrylic polymer Etacryl-02. Conditionally pathogenic 
MOs, forming microbial associations with multidirec-
tional symbiotic relations can increase their virulence, 
which allows them to occupy free niches in the oral 
cavity, and subsequently trigger the development of 
pathological process of inflammatory character of den-
ture bed tissues.

Fig. 2. Nature of symbiotic relationship of oral MOs of group 2 patients.
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