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oral Cavity and periodont miCrobiome status 
through emotional stress

a b s t r a c t  — Aim. To study the effect of emotional stress 
on the microbial status of the gingival sulcus, going through 
eubiosis and dysbiosis, observed in law enforcement officers.
Materials and methods. The study involved 67 law 
enforcement officers aged 30–49. The microbiological study 
focused on the gingival sulcus total microbial contamination 
and its colonization with certain types of microbes, 
employing aerobic and anaerobic cultivation methods.
Results. When in a state of relative rest, 100% of the 
persons with no gum issues were observed to have the 
eubiotic state of the gingival sulcus microbial status, while in 
100% of persons with mild periodontitis the microbial status 
of the gingival sulcus was found to be in a state of dysbiosis.
Conclusion. The stressor effect along with a microbial 
homeostasis imbalance in the dentogingival gap causes 
an increase in the microbial associations imbalance, 
which manifests itself as a decrease in the commensal 
microflora and an increase in the potentially pathogenic 
(opportunistic) one.

K E y w o r d s  — microbial status, gingival sulcus, emotional 
stress, dysbiosis, eubiosis, aerobes, anaerobes.
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a comprehensive effect on the development of diseases 
— the decisive role belongs not to a particular micro-
organism, yet a combination of these [1–7].

In the oral cavity, typically several standard types 
of biological material are studied, which reflect a 
particular microbial community status — saliva, soft 
plaque, subgingival and supragingival dental calculus, 
as well as the contents of the gingival sulcus and of 
the periodontal pocket. All these biotopes, except the 
gingival sulcus and periodontal pocket biocenosis, are 
extremely unstable and depend significantly on the 
oral hygiene type and intensity. The unique feature 
of the gingival sulcus biotope is that quantitative and 
qualitative changes in these microecological system’s 
microbial communities can lead to major dental issues 
— gingivitis, periodontitis, and caries. Structural and 
functional disorders of the gingival sulcus biofilm re-
sult in pathological changes that are not only of local, 
yet also of systemic importance [8–12].

Modern life environment is full of stress inducing 
factors, which make the body respond with a set of 
psychological, physiological and biochemical reac-
tions that are indicative of psychological and emo-
tional stress. In particular, a high level of emotional 
effects can be seen in law enforcement officers who are 
exposed to excessive loads under various social condi-
tions. In case of emergencies, the emotional pressure 
experienced by a law enforcement officer goes up many 
times reaching the top peak of psycho-emotional stress 
[13, 14].

Most researchers studied the effect of emo-
tional stress on the body’s microbiome relying on the 
intestinal microbiota example. Stress factors have been 
proven to promote the intestinal microbiota imbal-
ance and the growth of pathogenic microflora [15, 16]. 
A limited number of works highlight the effect of 
emotional stress on the oral cavity microbial status. 
It is important to study the level of the effect that 
emotional factors have on the oral cavity areas that are 
responsible for the development of the most common 
dental diseases, such as periodontal tissues inflamma-
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i n t r o d u C t i o n
Oral cavity and periodontal microbiome is one 

of the most investigated microbial communities. This 
is due to its complex composition and its abundant 
interaction with the human body. The oral cavity is 
one of the most densely populated human ecosystems, 
which contains over 1,000 different types of eubac-
teria, archaea, fungi, protozoa and viruses. The oral 
microbiota status is directly related to a wide range 
of health issues, such as oral cavity diseases (caries, 
periodontal diseases), diabetes, cardiovascular diseases, 
cancer etc. Oral microbiome has been shown to have 
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tory diseases [17, 18]. Studying changes in the gingival 
sulcus microbial status under various microecologi-
cal situations in the oral cavity would allow a deeper 
analysis into the interaction between bacteria and the 
immune response under stress-response of the body 
[19].

Aim of study
To elucidate the effect of law enforcement officers’ 
emotional stress on the microbial status of the gingival 
sulcus, which is under eubiosis and dysbiosis.

m a t e r i a l s  a n d  m e t h o d s
The study involved 67 law enforcement officers 

aged 30–49 years with no somatic diseases. Group 1 
included 22 persons (11 males, 11 females) who had no 
clinical manifestation of periodontal or dental lesions. 
Group 2 included 45 persons (29 males, 16 females) 
diagnosed with chronic moderate periodontitis.

Law enforcement officer implies emotional 
stress — interaction with criminals, strict deadline for 
important tasks, night shifts. We used the C.D. Spiel-
berger scale (adjusted by Yu.L. Khanin) to determine 
the level of personal and reactive anxiety. An indicator 
below 30 revealed low anxiety; 30–45 points — mod-
erate anxiety, while exceeding 45 points — showed 
high anxiety [20].

A microbiological study was carried for the total 
microbial contamination of the gingival sulcus and its 
colonization with certain microbial species; the meth-
ods used were those involving aerobic and anaerobic 
cultivation [21]. Samples of the gingival sulcus were 
taken in the morning on an empty stomach, with a 
sterile standard-size paper endodontic pin (#30), 1 cm 
long, which, after soaking, was put in a sterile saline 
solution and washed thoroughly. Standard dilutions 
were plated on special, selective and differential diag-
nostic media — blood agar, yolk-salt agar, Sabuoraud’s 
medium, Endo medium, sugar agar, followed with 
cultivation under aerobic and anaerobic conditions. 
For the inoculations obtained under aerobic cultiva-
tion conditions, the gingival fluid microbial content 
with aerobic and facultatively aerobic bacteria (further 
called aerobes) was identified. On the inoculations ob-
tained under anaerobic cultivation conditions, micro-
bial colonization of facultative and obligate anaerobes 
was determined (hereinafter referred to as anaerobes). 
Identification of the isolated pure cultures was carried 
out following morphological, tinctorial, cultural, and 
biochemical features. The results of the quantitative 
study were expressed in a decimal logarithm of colony-
forming units per 1 ml – lg CFU/ml. The frequency 
of identifying certain species of colonizing microflora 
was identified, too. The statistical analysis of results 

was performed using SPSS 17.0 and Microsoft Excel 
2007 software. The total sample was analyzed with 
parametric methods after a preliminary check for the 
normal distribution with the Kolmogorov-Smirnov 
test. The differences between the studied parameters 
were evaluated with Student’s t-test. The detection 
rates for individual microorganisms were compared 
with the ϕ Fisher criterion [22].

r e s u l t s  a n d  d i s C u s s i o n
The first stage of the study involved identifying 

the gingival sulcus microbial condition (eubiosis or 
dysbiosis) in individuals with different dental status in 
a state of relative rest.

The microbial homeostasis of the gingival sulcus 
biofilm in individuals with periodontitis was different 
from that in persons with intact gums (Table 1). In the 
state of relative rest, the microbial load on the gingival 
sulcus biofilm in Group 2 exceeded the same index 
in Group 1. Our studies revealed that gingival sulcus 
colonization with aerobic and anaerobic microflora in 
people with periodontitis exceeded the same indica-
tors in people with intact gums, 3.4 times (p <0.05) 
and 8.3 times (p <0.05), respectively.

The qualitative composition of the gingival sulcus 
microbial status in relative rest depended on the dental 
status, too. The frequency of the gingival sulcus colo-
nization with S.viridans spp. in persons with periodon-
titis was 63.9% lower (p <0.05) than in those without 
gums issues (Tables 2 and 3). Also, the development 
of dental diseases came along with a 3.0 times decrease 
(p <0.05) in the density of colonization of the gingival 
sulcus with S.viridans spp. (Table 2).

The gingival sulcus colonization with γ-hemolytic 
streptococci, which include S.mutans, in patients 
with periodontitis is 3.5 times (p <0.05) above that of 
persons without the pathology. 

Neisseria spp. were 37.3% (p <0.05) more often 
detected in people with periodontitis, while the colo-
nization density with Neiserias was also higher (28.2 
times (p <0.05)) in that group, compared with those 
with no gums issues.

The density of epidermal staphylococcus coloni-
zation in patients with periodontitis was 3.2 times (p 
<0.05) above that in healthy individuals. In Group 2, 
potentially pathogenic (opportunistic) microorgan-
isms were more common (the percentage of increase 
is bracketed): Bacillus spp. (20.4% (p <0.05)), S.aureus 
(21.1% (p <0.05)), S.β-haemolyticus spp. (19.0% (p 
<0.05)), Actinomyces spp. (8.8% (p <0.05)), Enterobac-
teriaceae (26.3% (p <0.05)), Candida spp. (26.3% (p 
<0.05)). We observed a decrease in the Lactobacillus 
spp. colonization frequency in patients with periodon-
titis (by 18.6% (p <0.05)).
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Here below we will look at how the gingival 
sulcus microbial status changed in eubiosis and dys-
biosis in those exposed to emotional stress. In Group 
1 (relative rest, the eubiotic state of the microbiota 
was identified) Lactobacillus spp. were detected 18.2% 
less often (p <0.05), Corynebacterium spp. – 27.3% less 
often (p <0.05). At the same time, an increase in the 
microbial count of S. epidermidis (4.6 times (p <0.05)) 
and Neisseria spp. (15.4 times (p <0.05)) was detected.

In Group 2 we identified dysbiotic microbial 
status, where S. viridans spp. were detected 19.3% (p 
<0.05) less often, Corynebacterium spp. – 17.5% (p 
<0.05) less often, S.epidermidis (19.3% (p <0.05)) less 
often; on the other hand, Neisseria spp. and Enterobac-
teriaceae were found more often (15.8% (p <0.05) and 
15.8% (p <0.05), respectively), whereas the Neisseria 
spp. and Bacillus spp. colonization density was higher 
(1.9 times (p <0.05) and 6.6 times (p <0.05), respec-
tively).

Describing the changes in the dentogingival gap 
microbiocenosis in case of emotional stress, note is to 
be made that 2 out of 22 persons in Group 1 (9.1%) 
were found to have microbial populations imbalance, 
which could be described as a dysbiotic shift. All per-
sons in Group 2 exposed to stress factors against the al-

ready existing microbial dysbiotic changes, showed an 
increase in the microbial associations’ imbalance. Out 
of the 45 persons examined, a dysbiotic shift was found 
in 18 people (31.6%), another 27 showing Degree 1–2 
dysbiosis (68.4%).

Under emotional stress in individuals with eubio-
sis, the total gingival sulcus microbial colonization by 
aerobic and anaerobic microorganisms went up, with 
Lactobacillus spp. and Corynebacterium spp. found less 
often, while a higher microbial count was observed for 
S.epidermidis and Neisseria spp.

Individuals with dysbiosis showed no significant 
change in the total microbial load of the gingival sul-
cus, which remained at a high level; the Neisseria spp. 
and Bacillus spp. colonization density increased, while 
a decrease was observed in the detection rate for S. 
viridans spp. and Corynebacterium spp.; the Bacillus spp. 
and Enterobacteriacea colonization frequency increased 
as well.

Under emotional stress, 9.1% of persons with 
eubiosis revealed a dysbiotic shift in microbial popu-
lations. Those who already had microbial dysbiosis, 
demonstrated an increase in the microbial associations 
imbalance. Stress-induced alterations in the microbial 
status may be of different nature depending on the ini-

Table 1.  Effect of emotional stress on gingival sulcus general colonization, lg CFU/ml (М±m)

Notes:  * — the reliability of indices differences in persons with periodontitis compared with a group of persons with intact gums, Student’s t-test, p <0.05;
 ̂  — the reliability of indices differences in persons under emotional stress compared with those in the state of relative rest, Student’s t-test, p <0.05.

                                                        Groups
Indicators

Intact gums Periodontitis 
Relative rest state Voltage condition Relative rest state Voltage condition

Aerobe colonization 7,26±0,04 7,40±0,03^ 7,79±0,03* 7,85±0,03*
Anaerobic colonization 6,81±0,04 7,07±0,08^ 7,73±0,03* 7,76±0,03*

Table 2.  Effect of emotional stress on gingival sulcus microbiota in people with no periodontal issues, % of persons / lg CFU/ml (М±m)

Note:  ̂  — probability of frequency difference by the φ Fisher criterion and lg CFU/ml, Student’s t-test, under emotional stress compared with those in the state of relative 
rest, p <0.05.

Microorganisms Relative rest state Emotional stress
S.viridans spp.
S.γ-haemolyticus spp.
S.β-haemolyticus spp.
Neisseria spp.
Corynebacterium spp.
Lactobacillus spp.
S.epidermidis
Bacillus spp.
Actinomyces spp.
S.aureus
Enterobacteriaceae
Candida spp.

95,5 / 6,91±0,09
81,8 / 6,81±0,10
9,1 / 5,80±0,30
36,4 / 5,88±0,26
31,8 / 5,84±0,25
27,3 / 5,30±0,10
31,8 / 4,99±0,13
18,2 / 5,28±0,19
0/0
0/0
0/0
0/0

81,8 / 6,79±0,05
95,5 / 7,08±0,06
9,1 / 6,51±0,39
36,4 / 7,07±0,10^
4,5^ / 5,30
9,1^ / 5,25±0,25
31,8 / 5,65±0,23^
9,1 / 5,50±0,20
0/0
0/0
0/0
0/0
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tial state of the bacterial populations ratio in the bio-
film. The eubiotic type of the microbial populations 
interaction is a stabilizing factor and offers adaptive 
maintenance of the biofilm homeostasis. The stressor 
effect along with an imbalance of the dentogingival 
gap microbial homeostasis leads to the aggravated 
imbalance in the microbial associations, which reveals 
itself as a decrease in the commensal microflora and an 
increase in the potentially pathogenic one.

The above shows that emotional stress had an 
impact on the quantitative and qualitative features of 
the gingival sulcus biofilm in both groups; this effect, 
however, was more significant in Group 2. The biofilm, 
which already manifested a microbial populations 
imbalance, responded to the stress factor with a more 
intense disturbance in the relationships between the 
symbiotic and potentially pathogenic microflora. The 
frequency of symbiotic S.viridans spp. colonization in 
individuals with the gingival sulcus biofilm dysbiosis 
was 69.5% lower (p <0.05) compared with persons 
with eubiosis. In Group 2 opportunistic microorgan-
isms (Bacillus spp., Actinomyces spp., S.aureus, Enterobac-
teriaceae, Candida spp.) were detected in the gingival 
biofilm significantly more often. The highest detection 
rate in Group 2 was observed for Bacillus spp. (47.0% 
(p <0.05) more often than in Group 1), S.aureus (in 
26.3% of cases (p <0.05)), Actinomyces spp. (8.8% of 
cases (p <0.05)), Enterobacteriaceae (42.1% of cases 
(p <0.05)), Candida spp. (28.1% of cases (p <0.05)).

C o n C l u s i o n s
1. The resident microflora of each biotope performs 

numerous functions related not only to maintain-
ing its functioning, yet also to the homeostasis as 
a whole. We have shown that the microbial status 
is a highly sensitive indicator system, which re-
sponds with quantitative and qualitative changes 
when subjected to external and internal factors. 
While law enforcement officers perform their 
public duties, they undergo an emotional load 
that is many times above normal, often reaching 
the level of emotional stress. Subjective view on 
the significance of a specific task can turn it into a 
strong emotional stressor [21, 22].

2. The study has revealed that psycho-emotional 
stress affects the gingival sulcus microbial status, 
although the level of this effect depends on the 
initial microbial associations balance. In case 
of eubiosis, the gingival biofilm is an important 
component of the natural anti-infectious pro-
tection system for periodontal tissues, ensuring 
the stability in the microecological homeostasis 
and the colonization resistance of this biologi-
cal niche. Under dysbiosis, the initial microbial 

populations imbalance increases the susceptibility 
to pathogenic invasion [23–26].

3. Emotional stress affecting law enforcement offic-
ers, as our data shows, leads to a lower level and 
frequency of the gingival biofilm colonization 
with a stabilizing microflora. A decrease in the an-
tagonistic action of these bacteria contributes to 
the gingival sulcus colonization with opportunis-
tic microorganisms, and increased manifestations 
of dysbiosis, which is most intense in persons with 
a microbial populations initial imbalance. An 
imbalance in the resident microflora with a shift 
towards opportunistic microflora sets ground for 
the development of infectious diseases in the oral 
cavity.
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