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Abstract Phenotyping based on conventional microbio-
logical, physiological, and molecular analysis by using
ARDRA technique was developed with the aim to assess
the pathogenic microbial load associated with different
stages of the periodontal disease. In addition, in the face of
the global issue of antimicrobial resistance, the isolated
bacterial strains were evaluated for their antibiotic sus-
ceptibility profile. The pathogenic bacterial community
was predominantly of Gram-negative strains (66.66%). The
most common species were Citrobacter freundii, Bacillus
sp., Raoutella sp., Klebsiella ozaenae and Pseudomonas sp.
However, except for the healthy control group, Staphylo-

B< J. M. L. N. Gelinski
jgelinski @yahoo.com.br

Laboratory of Biotechnology, Universidade do Oeste de
Santa Catarina, Videira, SC 89560000, Brazil

Health Sciences, Uniarp, Cagador, Santa Catarina, Brazil

coccus spp. was isolated from all stages of periodontitis.
Multidrug resistance to beta-lactam antibiotics was
observed for Streptococcus pneumoniae, Raoutella sp. and
Enterococcus avium. Here, we verify a statistically sig-
nificant relationship between periodontitis stages and the
diversity of the bacterial community. Patients with peri-
odontitis showed a more diverse and numerous bacterial
community compared to healthy patients. In this sense, we
reinforce that biofilms that harbour multidrug-resistant
bacteria are a major concern in relation to restoring patient
health. Thus, prophylactic measures for maintaining oral
health are still the best option for reduce the risk of disease.
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Introduction

A diverse and numerous microbial community that
including species that interact with each other and with the
host is present in the human oral cavity [1]. Biofilms can
result from this interaction and harbour microorganisms
anaerobic, facultative aerobes and microaerophiles from
different genera [2] such as Streptococcus, Veillonella,
Granulicatella, Neisseria, Haemophilus, Corynebacterium,
Rothia, Actinomyces, Prevotella, Capnocytophaga, Por-
phyromonas, Fusobacterium and Lactobacillus species [3].
Changes that affect the balance between the commensal
microbiota and the host can lead to dysbiosis and conse-
quently to pathologies, such as periodontitis [4]. Peri-
odontitis is an inflammatory clinical condition of
multifactorial nature that affect the periodontium, that is,
the tissue that surround and support the teeth, such as the
gums, alveolar bone, and periodontal ligament [5, 6]. It is
caused mainly by pathogenic bacteria [7]. According to the
current classification for the periodontal conditions [8] two
major groups are defined: periodontal and gingival health
and periodontitis and its three forms: necrotizing
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periodontitis, periodontitis as a manifestation of systemic
disease, and only periodontitis, previously characterized by
chronic and aggressive forms. Periodontitis is also subdi-
vided based on: (a) severity and complexity of adminis-
tration: stage I-initial; stage II-moderate; stage Ill-severe,
with potential for additional tooth loss, and stage IV-severe
with potential for loss of teeth; (b) extension and distri-
bution; (b) degrees—according to evidence or risk of rapid
progression/early response to treatment: (a) grade A—Ilow
rate of progression; (b) grade B—moderate rate of pro-
gression; (c) grade C—rapid rate of progression [8].

Unlike classic bacterial infections, in most cases, the
diversity of the microbiota increases as periodontal disease
progresses and making it difficult the diagnosis of the
causative agent [6]. In addition, periodontitis is constantly
associated with the progression of chronic systemic
pathologies, such as diabetes mellitus and cardiovascular
diseases, and can be associated with the progression of
atherosclerosis, i.e. a risk of respiratory infections [9].
Dental biofilm is a factor of resistance to the activity of
antimicrobial agents, it is therefore a great concern, mainly
because the presence of multidrug-resistant microorganism
is an additional obstacle to the treatment of periodontal
disease.

Our hypothesis is that if we consider that the progression
of periodontitis is related to the pathogenic microbial load,
then the more advanced the periodontitis stage, the more
diverse and numerous the pathogenic microbiota will be.
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Thus, the aim of this study was to evaluate the microbial
profile associated with different stages of periodontitis as
well as to analyse the susceptibility profile to antimicro-
bials of pathogenic agents.

Material and Methods

This study was approved by the human subject ethics board
of National Health Council via Brazil Platform and was
conducted in accordance with the Helsinki Declaration of
1975 and revised in 2013 according to World Medical
Association [10]. The individuals of this study were aged
between 13 and 67 years old, of both sexes, regardless of
race and social class who agreed to participate of this
research including the disclosure of the data. All patients
were undergoing dental evaluation at a municipal health
center which underwent screening and previous diagnosis
of periodontitis according to medical records. No reference
was made to the identity of each patient or any information
of a strictly personal nature. Thus, all individuals signed an
informed consent form. After the patients’ health screen-
ing, all were effectively diagnosed by a health professional
(dentist) who is also co-author of the present study.

Population of Study

The population sample was composed by 18 patients:
n = 15 individuals with periodontal disease (periodontitis
stages I or II or IIT and IV) and n = 3 individuals healthy
which constituted the control group. As an inclusion/ex-
clusion criterion, only participants with a diagnosis of
periodontitis were included besides no woman was preg-
nant or breastfeeding.

The sample was composed by individuals of both sexes
who had not undergone periodontal therapy in the last
6 months. Except for swab collections, in the oral cavity of
each patient there was no periodontal intervention by the
study researchers.

The swabs samples were collected from oral cavity of
each individual and transported in Stuart’s medium until
laboratory analysis.

Isolation of Microorganisms and Biochemical
Characterization

The samples were enriched in Brain—Heart Infusion broth
(BHI, Acumedia®, USA) incubated in anaerobic jars at
35 °C £ 1 °C over night. Then, aliquots of each sample
were inoculated in petri dishes containing different culture
media and supplements. All agars and culture broths were
from Acumedia® (USA), except for BG and VRB (Oxoid
UK). BHI Agar and Columbia Blood Agar Base (BA),

enriched with 5% lamb’s blood (Newprov, Brazil) both
indicated for isolation and cultivation of a wide variety of
microorganisms; Eosin Methylene Blue Agar (EMB),
Brilliant Green Agar (BG), Violet Red Bile agar (VRBL)
and MacConkey Agar (MC) used for the isolation and
differentiation of Gram-negative bacilli; Baird Parker Agar
(BP), plus 1% tellurite and 5% Egg Yolk and Agar Salt
Mannitol (SM), indicated for isolation, detection and enu-
meration of Staphylococcus aureus; Bile Aesculin Agar
(BAe) and Agar Mitis Salivarius (MS) selective isolation
and differentiation of mixed cultures from Enterococcus
sp. and Streptococcus sp.. All cultures were incubated
under anaerobic conditions at 35 °C/24 h.

The morphological characteristics of the colonies
growth in each culture medium were analyzed after Gram
staining by optical microscopy (Nikon, Japan, obj.16x/
100x).

Each bacteria isolate was subjected to biochemical
analysis such as catalase test by addition of 3% hydrogen
peroxide, oxidase test using reactive tapes for oxidase and
hemolysis reaction (a,, B or A) on blood agar. In addition,
the ability of microorganisms to assimilate sugars was
evaluated to glucose, sucrose, and lactose. Each test was
performed by using phenol red broth plus 1% carbohydrate.

Molecular Identification of Microorganisms

The genomic DNA of each bacterial isolates was extracted
with GenElute™ Bacterial Genomic DNA Kit (Micromed,
Brazil) as described by the manufacturer. The extracted
DNAs were analyzed by electrophoresis on 1% agarose
gel, followed by the amplification of the 16S rDNA region
by the polymerase chain reaction (PCR) technique. The
molecular profile was performed by using ARDRA (Am-
plified 16S Ribosomal DNA Restriction Analysis), a
molecular technique based on the restriction fragment
length polymorphism of the 16S ribosomal genes amplified
by a polymerase chain reaction (PCR) [11, 12]. The
amplified genetic material was cleaved with the restriction
endonucleases Alul, Rsa I or Hha I. The restriction
endonucleases were selected by Vector NTI Version 4.0
bioinformatics program with sequences of 16S ribosomal
gene of species from GenBank. To perform the cleavage
reaction, for each 200 ng of DNA we added 1.5 pL of
reaction buffer (10x) and 0.5 pL of restriction enzyme.
Then, sterile ultrapure water (MilliQ, Merck, Millipore,
German) was added until reaching a final volume of 15 pL.
After the reaction, the generated DNA fragments were
separated by electrophoresis in 1.5% agarose gel for 4 h at
50v, exposed to UV light [12] and the picture taken with a
gel documentation system.

The molecular profiles were analyzed by using the
Vector NTI Version 4.0 The sequences used for
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comparative analysis were obtained from GenBank via
BLAST Program of the National Center for Biotechnology
Information-NCBI [13]. The samples that were not iden-
tified by ARDRA technique had their genetic material
amplified, as mentioned above, purified and proceeded for
sequencing the region 16S rDNA by conventional methods
[12] and the nucleotide sequences were compared as
mentioned before considering the statistical significance.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of the bacterial isolates
was performed by Kirby Bauer method according to the
Clinical Laboratory Standards Institute [14]. From each of
the bacterial genera obtained during species identification,
a representative strain was chosen at random and followed
for the evaluation of the susceptibility profile to antimi-
crobials. Disks impregnated with antimicrobials (Labor-
clin, Brazil) were inserted on the agar: Tetracycline 30 pg;
Chloramphenicol 30 pg; Imipenem 10 pg; Amoxicillin
10 pg; Azithromycin 15 pg; Cephalothin 30 pg; Clin-
damycin 2 pg and Cefotaxime 30 pg. The agar plates were
incubated at 35 °C/24 h.

Statistical Analysis

When necessary, statistical analysis based on aver-
age = SD, an ANOVA and chi-square tests were per-
formed to assess whether there was difference at the 0.05
significance level.

Results and Discussion

In this study, we look for a possible relationship between
periodontal stage and the microbiota pathogenic. Accord-
ing to the stage of periodontal disease we found that 16.6%
of patients had periodontitis stage I, 3.3%, periodontitis
stage II and 33.3% periodontitis stages III/IV. The average
age of patients with periodontal disease was 43.8 years old
and 36 years old for the control group.

According Zaura et al. [15] the two types of surface of
oral cavity present conditions for microbial colonization,
i.e., the mucosa and the teeth which provide a diverse and
abundant community. In this sense, an imbalance between
the microbiota and its host results in disease.

Taken together, recent findings support the hypothesis
that the complex microbiota associated with common
periodontitis is the result of a slow, continuous process,
taking place in a habitat with favorable ecological condi-
tions, whereas the microbiota in highly active lesions, or in
subjects with severe medical conditions, evolves under
ecologic pressure and thus has a low diversity.
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Morphological, Biochemical, and Molecular
Characterization

The Fig. 1 shows the macroscopic characteristics of the
bacterial isolates in three types of agar plates and the
respective clinical condition of patients.

There was microbiological diversity even for individuals
of the control group (with periodontal health) whose
average microbial load of Gram positive and Gram-nega-
tive bacterial isolates was respectively 1.82 x 10° and
1.0 x 10* CFU/patient. Thus, the microbial load in healthy
patients was high, but the average number of Gram-nega-
tive pathogens for that group was relatively low. For
patients with periodontitis, the microbial load of Gram-
positive pathogens was 1.7 x 10° CFU/patient and for
Gram-negative the microbial load was 2.9 x 10 -
CFU/patient. It is also observed that individuals with
periodontitis stages III/IV had a higher microbial load
compared to the other stages.

The Fig. 2 indicates the percentage relationship between
the groups of microorganisms and the clinical condition of
the patients used in this study. Regarding the percentage of
Gram-positive cocci, consisting of 50% for individuals
with periodontitis stage I, 38% for periodontitis stage II and
31% for periodontitis stages III and IV. The differences
between the percentage profiles in relation to the peri-
odontitis stages were significant (p < 0.05).

It is estimated that as the microbial biofilm progresses
there is a transition from the aerobic environment to an
anaerobic environment. So, aerobic gram-positive cocci are
gradually replaced by facultative anaerobic or anaerobic
Gram-negative bacilli, with greater pathogenic potential
[15]. In this way, microbial diversity becomes greater for
periodontal disease patients than in healthy individuals,
i.e., increasing as the disease progresses with complex
changes in the patients’ microbiota [6, 15, 16]. In the
present study, the high number of Gram-negative bacteria
in the control group i.e. 75% of the total isolates indicates
that they also occur in the oral cavity of healthy individ-
uals. In this way, they can compete with other or even
behave like opportunists when immunity is low.

All isolates were considered for initial characterization
by biochemical analysis. This step was necessary since it
allowed the initial differentiation of groups based on the
assimilation profile of amino acids and carbohydrates
(Table 1). About 78.04% were positive catalase, while
19.5% were positive oxidase. In addition, 95.12% of iso-
lates were able to use glucose as a carbon source, 58.53%
sucrose and 29.26% fermented lactose. About 51.2% of the
microorganisms showed y-hemolysis reaction in blood
agar, 41.4% B-hemolysis and 7.4% o-hemolysis reaction.
Twenty-five (n =25) isolates were identified at species
level by molecular analysis. For the others, there was no
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Fig. 1 Macroscopic
characteristics and load of
bacterial isolates in agars plates
related to periodontal clinical
condition of patients

Number
Clinical Condition of Patients

Periodontitis - I 3
Periodontitis - IT 6
Periodontitis-III/IV 6
Periodontal Health 3

Fig. 2 Comparative percentage
between groups of
microorganisms and clinical
periodontal condition of patients
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significant percentage of similarity, preferring here to
consider them as undetermined, and that way they were
stored for further study.

The number of bacterial genera was higher in the
advanced stages of periodontal disease, i.e., three genera
were identified in patients with periodontitis stage I, five
genera in patients with periodontitis stage II and eight
genera identified in patients with periodontitis stages III
and IV. Staphylococcus sp. was the most frequent genera,
having been isolated from patients with periodontitis stages
IL, IIT and I'V. High prevalence rates of Staphylococcus spp.
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have been reported as an oral colonizer in saliva samples of
hospitalized patients [17]. Likewise, Colombo et al. [18]
observed that the proportion of S. aureus was significantly
higher in patients with periodontal disease than in healthy
individuals.

Other species as Citrobacter freundii, Bacillus sp.,
Raoutella sp., Klebsiella ozaenae, Streptococcus sp. and
Pseudomonas sp. were also isolated. Raoutella sp.,
Escherichia coli and Citrobacter freundii are also related to
periodontal inflammation and tissue destruction and they
are potential risk factors for the development of several
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Table 1 Biochemical and
morphological profile of

microorganisms isolates from No.  Morphology/Gram (4+/—) Catalase = Oxidase = Hemolysis  Gly Suc Lac
oral cavity of patients with

Isolates Tests Sugar assimilation/gas (+/—)

periodontitis 1 bacilli G— - - Y +/+ +/+ +/+
2 bacilli G— - - Y +/— -/- —/—
3 bacilli G— - - &% ++ +/+ +/+
4 bacilli G— - + B +/+ +/+ +/+
5 bacilli G— + + Y +/— +/+ —/—
6 bacilli G— + + B v/— —/— —/—
7 bacilli G— + + B +/+ -/= -/=
8 bacilli G— + - o +/— —/- —/—-
9 bacilli G— + - B +/+ +/+ —/=
10 bacilli G— + - v ++ /+ i+
11 bacilli G— + - Y +/— +/— —/—-
12 bacilli G— + - Y +/- e —/—-
13 bacilli G— + - v +i+ o /-
14 bacilli G— + - Y +/+ +/+ +/+
15 bacilli G— + - Y +/+ —/— -
16 bacilli G— + - v /- /- —/-
17 bacilli G— + - Y +/+ +/+ +/+
18 bacilli G— + - Y +/+ +/+ +/+
19 bacilli G— + - B —/- /- /-
20 bacilli G+ + - B +/— —/- —/—
21 bacilli G+ + - B +/— —/— —/—
22 bacilli G+ + - B +/—- —/— —/—
23 cocci G+ - + o +/—- —/—- +/—
24 cocci G+ - — B +/—- +/—- +/—
25 cocci G+ - — Y +/— +/— —/—
26 cocci G+ - - Y +/— +/— —/—
27 cocci G+ + - B +/— -/ Y
28 cocci G+ + - Y +/— -/ -/
29 cocci G+ + - B +/— +/— —/—
30 cocci G+ + - B +/— +/— —/—
31 cocci G+ + - B +/—- +/— —/—=
32 cocci G+ + - B +/—- +/—- —/=
33 cocci G+ + - Y +/— +/— —/—
34 cocci G+ + - B +/— +/+ —/—
35 cocci G+ + - B +/—- +/— +/—
36 cocci G+ + - B +/— +/— +/—
37 cocci G+ + - Y +/— +/+ +/+
38 yeast - + o +/+ —/—- —/—
39 yeast + - Y +/+ -/— _/—
40 yeast + + Y +/+ -/ —/—=
41 yeast + + Y +/+ —/— —/—
systemic diseases [19]. Raoutella sp., Klebsiella pneumo- P. aeruginosa was also isolated from control group
niae, P. aeruginosa and Staphylococcus sp., may be  (periodontal health). However, according Colombo et al.
involved in breathing problems, like pneumonia [9, 18, 20]. [18] there was no difference in the amount of P. aeruginosa
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when comparing individuals with periodontitis and healthy
individuals. Regarding the species Lactococcus lactis, it
was isolated only from control group.

Molecular Profile

The Fig. 3 shows agarose gel with DNA fragments of PCR
products and an in silico gel obtained with the aid of the
Vector NTI 4.0 Program. The molecular profile by
ARDRA of twelve bacterial isolates was determined from
the comparison of sequences of the GenBank via BLAST
Program [13]. Five of the isolates had their genetic material
cleaved with restriction enzyme Alu I (A), five with
restriction enzyme Rsa I (B) and two with restriction
enzyme Hhal (C). Thus, the molecular profiles determined
were respectively: A- Klebsiella ozaenae (NCBI access

Fig. 3 A stained ethidium A
bromide agarose gel showing 1
fragments of DNA from PCR M 1 2 3

products (16S rDNA) by
ARDRA technique of bacterial
isolates of oral cavity of patients
with periodontitis. Lane M
contains a 2 Kb plus DNA
ladder (Ludwig Biotech) and
strategic fragments are
identified. Legend: (1) 1.5%
agarose gel with PCR products;
(2) molecular profile of in silico
gel obtained with the aid of the
Vector NTI 4.0 program: Lanes
1-12 the bacterial isolates had
their genetic material cleaved
with the restriction enzymes:
Alul (A), Rsal (B) and

(C) Hhal (C). Lanes: 1
Klebsiella ozaenae (NCBI
access number: CP027612.1); 2
Enterococcus avium (NCBI
access number: AF061008.1); 3
Lactococcus lactis (NCBI
access number: CP028160.1); 4
Staphylococcus haemolyticus A

(NCBI access number: 1 p) 3 4

4 5 M 6 7 8

number: CP027612.1); Enterococcus avium (NCBI access
number: AF061008.1); Lactococcus lactis (NCBI access
number: CP028160.1); Staphylococcus haemolyticus
(NCBI access number: CP025396.1); S. epidermidis (NCBI
access number: CP000029.1); B- Escherichia coli (NCBI
access number: NR_024570.1); Pseudomonas aeruginosa
(NCBI access number: CP031677.1); S. aureus (NCBI
access number: MRSA107, three isolates); (C) Klebsiella
azaenae (NCBI access number: CP027612.1); Streptococ-
cus salivarius (NCBI access number: CP020451.2).

Antimicrobial Susceptibility Profile
Seven isolates (41.2%) presented resistance for two or

more antimicrobials of clinical use (Table 2). Amoxicillin
was responsible for the highest resistance profile, i.e. 80%

B (3
M 11 12

9 10

11 12

CP025396.1); 5 S. epidermidis 2
(NCBI access number:

CP000029.1); 6 Escherichia

coli (NCBI access number: L
NR_024570.1); 7 Pseudomonas
aeruginosa (NCBI access
number: CP031677.1); 8-10 S.
aureus (NCBI access number: ra

MRSAI107, three isolates); 11 813}
Klebsiella azaenae (NCBI
access number: CP027612.1);

it

12 Streptococcus salivarius
(NCBI access number:

CP020451.2)
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of the strains (n = 12) were resistant to that antibiotic.
However, the chloramphenicol was effective in inhibiting
in vitro all microorganisms. Streptococcus sp., Raoultella
sp. (one isolate) and Enterococcus avium isolated from
patients with periodontitis stages III and IV were resistant
respectively to n =4, n = 5 e n = 6 antibiotics. They also
presented multidrug resistance profile. In addition, resis-
tance to PB-lactam antibiotics was observed for n = 13
strains, besides multidrug-resistance in two of them:
Raoutella sp. and Enterococcus avium. This last one was
resistant to four B-lactam antibiotics.

Regarding the use of antibiotics, the main concern is the
loss of effectiveness mainly due to the horizontal transfer
of genes [21] and, consequently, the development of bac-
terial resistance [20]. Dental biofilm can inhibit the action
of several drugs and constitutes a resistance factor to
antimicrobial agents [1]. Thus, the presence of microor-
ganisms resistant to the drugs in common use is another
obstacle to the treatment of periodontal disease.

At the present study one strain of E. avian showed
resistance to six of the eight antimicrobials evaluated, and
of these, four were B-lactams. E. avian is not a common
human pathogen, however a few cases of bacteremia
have been reported [22]. Although the patients involved
in this study are workers from a region of intense live-
stock activity, whose main activity is the poultry pro-
duction for food sector, it is not possible to affirm that
there is a relationship on origin of contamination by E.
avian, but in this regard future investigations will be
carried out.

For Enterococcus sp., the resistance to [-lactam
antibiotics is related to increased production of PBP5
(Penicillin-binding protein 5) and the spread of strains with
mutant pbp5 genes through horizontal gene transfer
[23, 24]. Studies claim that enterococcal plasmids during
horizontal gene transfer can undergo genetic recombination
processes, contributing to increased diversity and the
evolution of antibiotic resistance [24, 25]. Molecular
mechanisms such as gene that code for efflux pumps,
antibiotic inactivating enzymes and other factors that assist
in the low permeability of the membrane contribute
directly to bacterial resistance [26, 27]. Pseudomonas
aeruginosa, Enterococcus faecalis and species of Enter-
obacteriaceae (including Klebsiella and E. coli) were
multidrug resistance, so they constitute a major threat to
human health. Due to this problem, the mentioned
microorganisms are included in the list of priority patho-
gens by the World Health Organization for research and
development of new antibiotics [22].

The genus Staphylococcus was present in the samples
referring to periodontitis stages I, II, and II/IV, but only
showed resistance to azithromycin and/or amoxicillin.
Unlike this, Kim and Lee [28] evaluated that none of the
isolates of S. aureus (n =18) from the oral cavity of
patients with periodontitis presented resistance to chlo-
ramphenicol, clindamycin, or imipenem, but 7,31% were
resistant to tetracycline.

Although several microorganisms are susceptible to
several antimicrobials, none of the drugs administered
alone can combat all pathogens related to periodontal
diseases [1]. It is also believed that the biofilm can block
the action of several antimicrobials, hindering the perme-
ability of drugs [27]. As a result, there is a concern for
example, a patient with gingivitis can revert to a state of
health, however, those who have periodontitis will remain
with the disease, even after therapy [8, 29].

New research on colonization and microbiological
interactions existing in the oral environment are funda-
mental for a greater perception of the influence that such
pathogens have on periodontal health [19]. Thus, although
dental biofilm can harbor a small percentage of pathogenic
bacteria, it can still cause damage to the periodontal
structure [2]. In periodontal disease there is an interaction
between the subgingival biofilm composition and the host
response, more than being caused by a single pathogen
[30]. Furthermore, pathogens and multidrug resistance are
factors of great concern. In addition, despite the importance
of a microbiological approach for understanding the
dynamics of the microbiota associated with periodontal
disease, there is no specific effective antibacterial thera-
peutic support for the treatment of periodontal disease [6].

In addition to the results obtained in the present study,
a preliminary evaluation was also carried out to verify an
association between smoking, age, and sex with the
microbial load of patients with periodontitis. Thus, of the
patients analyzed, 46.66% were smokers and 53.34%
were non-smokers. It is established that smoking is
considered a risk factor for periodontitis in terms of
onset, extension, or worsening of the disease [16, 31]. In
our study for the group of patients here analyzed and
based on the microbial load there was no statistically
significant correlation (p > 0.05) in relation to smoking,
age, or even the patient’s gender between each of these
factors and the periodontitis stage. In addition, there was
also no statistically significant difference between the
periodontal stage for male or female patients. However,
stage I periodontitis was observed only for non-smoking
women (Fig. 4).

@ Springer



64

Indian J Microbiol (Jan—-Mar 2021) 61(1):55-65
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Conclusions

Based on present study, we consider that there was an
association between microbial load, species diversity and
the stage of periodontal disease. Periodontitis cases, spe-
cially in the early stages (I, II) need to be safely evaluated
and followed up to contribute to the prevention of other
diseases arising.

The main bacterial strains isolated from patients with
periodontitis stages III and IV were Citrobacter freundii,
Bacillus sp., Raoutella sp., Klebsiella azaenae, Strepto-
coccus pneumoniae. and Pseudomonas spp. Multidrug
resistance was observed in strains of Streptococcus pneu-
moniae, Raoutella sp. and Enterococcus avium. Thus,
biofilms formed by a pathogenic and multidrug-resistant
microbiota can constitute an additional concern regarding
the restoration of periodontitis patient health since antibi-
otic therapy can result in the infection not being controlled.
The knowledge of the determinant causes/conditions and
stage of periodontal disease as well as prophylactic mea-
sures for maintaining oral health are still the best option to
reduce the risk of disease. In addition, the evaluation of
effective antimicrobials by avoiding indiscriminate
administration is also suggestive of good conduct practices.
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