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Periodontal pockets are thought to provide spawning grounds for a
variety of microorganisms. Emergence of antibiotic-resistant bacterial
strains poses a risk on course of treatment and may require surgical
removal of gum pocket. This study's aim was to determine the bacteria
found in gum pockets using PCR for 16S rRNA gene. As well as
impact of plant extracts on growth of these strains. Five new bacterial
strains have been registered at NCBI, including Stutzerimonas stutzeri,
Staphylococcus aureus, and Enterobacter cloacae. All identified strains
were susceptible to Augmentin and Ciprofloxacin but resistant to
Cephalothin. Cefixime and Bacitracin were not effective against 90%
of strains. Amoxicillin resistance rate was 50%. All strains were
resistant to Turmeric and Oregano extracts at concentrations of 100 and
200 mg/ml, with exception of Staph. aureus FKZEW99, which was
susceptible to Oregano at 200 mg/ml. Identified strains' responses to
clove extract differed in terms of sensitivity and resistance. The
overuse of antibiotics leads to appearance of new bacterial strains
resistant to a range of treatments.
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1. Introduction

The majority of periodontal disease pathogens are anaerobic bacteria as a
result of biofilm development, which can also include facultative aerobic
bacteria. Most bacterial species found in the periodontal pocket environment
(Actinomycetes, certain  Streptococci, and Staphylococci) can cause
opportunistic infections in the afflicted regions. There is evidence that some
intestinal bacteria, viruses, and Saccharomyces spp. may be present in
periodontal pockets, indicating further infection caused by gingival damage.
Periodontal disorders are now regarded as mixed illnesses caused by a variety of
bacteria (Mombelli, 2018). Tannerella forsythia, Porphyromonas gingivalis and
Treponema denticola are the main bacterial pathogens that cause gingivitis and
advance the disease. Because of their common presence in gum pockets where
gum tissue destruction is noticeable, these bacteria are referred to as the "red
complex" (Drisko and Lewis, 1996; Giannopoulou et al., 2012).

Gingival tissue loss is one of the symptoms of periodontal disease, which
results in alveolar bone loss and pocket development. To prevent and cure this
condition, it is critical to understand the pathogenic function of the periodontal
pocket's bacterial population. Scaling and root planning is a procedure for
removing bacterial deposits under the periodontal by exfoliating the tooth and
pocket surface, has been found in clinical tests to reduce pocket depth (Cappuyns
etal.,2012; Popova et al., 2013).

The effectiveness of antimicrobial medications that are readily available
locally, antiseptic washes, and systemic antibiotics has been assessed in several
experiments. According to recent research, photodynamic treatment can be used

to trigger the antibacterial activity of certain compounds in periodontal pockets
(Suzuki et al., 2013; Haque et al., 2022).

The level of bacterial resistance to antibiotics varies by country, and this is
due to differences in antibiotic usage. Although pathogenic bacteria are
becoming more resistant to antibiotics, treating periodontal disease with
antibiotics should still be done with caution (Kulik et al., 2008).
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The current study sought to identify and diagnose several types of bacteria
found in periodontal pockets, as well as determine the strains to which they
belong. Furthermore, susceptibility testing was performed and plant extracts
were used to examine their effect on the isolated bacteria.

2. Materials and Methods
2.1 Sample collection

The current study was conducted at the health center (Al —Arabi St.) on
eight people suffering from periodontal pockets. The pocket was removed and
cleaned using antiseptic cotton swabs. Each specimen was numbered and patient
information was taken for future use as a guide. After that, the specimens were
quickly sent to the laboratory for bacterial detection.

2.2 Isolation types of bacteria

To distinguish between Gram-negative and Gram-positive bacteria from
each swab, the MacConkey-agar was used as a selective medium. The samples
incubated for 24-48 h. at 37°C. The first diagnosis of the samples was made
using morphological and phenotypic traits.

2.3 DNA extraction

Extracting genomic DNA straight from the samples using the Geneaid kit
(Taiwan). We took the steps that the manufacturer recommended. Following
measurements of its concentration and purity, genomic DNA was kept at -20°C
for using in the next test.

2.4 Detection 16S rRNA gene using PCR

The PCR test kit from Promega (USA) was utilized. For the PCR
experiment, a 20-ul GoTaq G2 Green Master Mix was produced. The complete
the universal primers (27F) were utilized to amplify the 16S rRNA gene region.
AGAGTTTGATCMTGGCTCAG and 1522R AAGGAGGTGATCCARCCGCA
(Abdulrazzaq and Faisal, 2022). The manufacturer's instructions were followed
when adding 100 ng of total template DNA and 1 uM primer concentration. The
following was the setup for the 16S rRNA gene PCR protocol: Amplification in
thirty cycles: thirty seconds of denaturation at 95°C, Annealing for 30 seconds at
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55°C and extension for 1 minute at 72°C. Three minutes were spent at 95 °C for
the first denaturation step. The last step of expansion was chosen at 72 °C. The
molecular weight marker utilized was a 100 bps DNA marker obtained from
New England Biolabs, UK (Abdulrazzaq and Faisal, 2022).

2.5 DNA sequencing and alignment

PCR results from subsequent purification, the 16S rRNA gene was
forwarded to Psomagene USA-Based Sequencing Company for nucleotide
sequencing. Using NCBI's BLAST software, retrieved sequences were compared
to previously known genes deposited to GenBank.

2.6 Antibiotic sensitivity test

The Kirby Bauer approach was used to conduct a sensitivity test. Three to
five bacterial colonies were isolated from the agar plates and cultured in test
tubes containing five milliliters of sterile saline. The uniformity of the bacterial
cultures in the saline test tubes is next checked by comparing them to 0.5
MacFarland's standard. Each bacterial culture was aseptically swabbed onto the
Muller Hinton agar surface (cross streaking method) using sterile swabs and left
to dry. To ensure aseptic contact with the agar, the antibiotic discs (Augmentin,
Ciprofloxacin, Cefixime, Amoxicillin, Bacitracin, Cephalothin) were gently
pushed onto the plate's surface making use of sterile forceps. For 24 hours, the
plates were incubated at 37°C. The millimeter-sized zone of inhibition was
measured and monitored.

2.7 Preparation of plant alcoholic extracts

To make the alcoholic extracts, 20 g of the previously prepared botanicals
(cloves, oregano, and turmeric) were immersed in 200 mL of ethanol 70% in the
ice bath. The mixture was then refrigerated for 24 h, and the extraction and
drying steps were performed at 40°C. The resulting powder was stored in
sterilized opaque tubes at -20°C until used (Al-saidy et al., 2013).

2.8 Preparation of stock solutions alcoholic extracts

Each extract's powder was dissolved to the proper weight in 5 ml of DMSO
(Dimethyl sulfoxide) to create stock solutions. Each stock solution received 200
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mg/mL of extracts of clove, oregano, and turmeric. To maintain sterility, stock
solutions were filtered using membrane filters featuring 0.45 um holes (Al-
Noamy, 2020).

3. Results

We have identified several different bacterial species based on the 16S rRNA
detection types (gram positive and gram negative). We have identified five new
strains. These unique strains were registered in the Gene Bank of NCBI with the
accession numbers shown below:

Stutzerimonas stutzeri accession no.. FZE83 (OR616632), ZKEWFS80
(OR616633)

Enterobacter cloacae accession no.: ZEF94 (OR616630), EFZ23 (OR616631)
Staphylococcus aureus accession no.: FKZEW99 (OR616634)

Figure (1) depicts the gel electrophoresis of the 16S rRNA gene, which permitted
5 clones for the newly registered strains. The DNA band size is 1495 base pairs.

1500bp
1495bp

1000bp
200bp

S00bp

300bp

Fig 1: Gel electrophoresis of 16S rRNA.
3.1 Phylogenetic tree for the novel strains

Each novel strain was sequenced and aligned to determine the similarity
with previously registered kinds. The Nucleotide Basic Local Alignment look
Tool (BLAST) tool was used to look for homology between the input sequences
and complete sequences available in the NCBI: GenBank database. Phylogenetic
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trees were created using MEGA-11 software and a bootstrap analysis (Tamura et
al.,2021).

S. stutzeri FZE83 and ZKEWF80 have 99% similarity to S. stutzeri ATCC
tas17588, as shown in Figure (2).

24 Stutzerimonas zhaodongensis ACCC 6362 (JQT7T&82275)

Stutzerimonas kunmingensis HL22-2 (JQ246444)

Stutzerimonas urumgiensis T3 (MH355542)

e
Stutzerimonas kirkiae P4C (MK159379)
0 4|7 Stutzerimonas xanthomarina NRIC 617 (AB176954)
44
Stutzerimonas tarimensis MA-69 (KC709664)

L— Stutzerimonas azotifigens 6H33b (AB189452)

Stutzerimonas chloritidismutans DSM 13592 (AY017341)

100 [ @ Stutzerimonas stutzeri ZKEVWF80

34 I @ Stutzerimonas stutzeri FZES3
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———————— Stutzerimonas perfectomarina ATCC 14405 (CP036186)

58 Stutzerimonas nosocomialis CECT 9881 (LT&01028)
az | .
Stutzerimonas balearica DSM 6083 (MK185032)

0.0050

Fig 2: Neighbor-Joining phylogenetic trees depicting the connection between the
strains S. stutzeri FZE83 and §. stutzeri ZKEWF80 (shown in black circles) and
related Stutzerimonas spp. based on the gene sequences at a scale length of
0.005. The proportion of duplicate trees with related strains grouped in the
bootstrap analysis (100 repetitions) is displayed next to each branch.

E. cloacae ZEF94 and EFZ23 exhibit a 98.74% similarity to E. cloacae ATCC
13047, as shown in Figure (3).
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Fig 3 Neighbor-Joining phylogenetic trees demonstrating the connection between
the bacteria E. cloacae EFZ23 and E. cloacae ZEF94 (shown in black circles)
and the related Enterobacter spp. The proportion of replicate trees where the
connected strains grouped collectively throughout the bootstrap experiment (100
repetitions) is displayed next to the branches.

Staph. aureus FKZEW99 shares 100% similarity with S. aureus DSM 20231,
99.1% with S. simiae NCTC 13838, and 98.57% with S. epidermidis NCTC
11047, as shown in Figure (4).

100 | Staphylococcus aureus DSM 20221 (AMYLO100007)
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s Staphylococcus simiae NCTC 13838 (LT906460)

Staphylococcus epidermidis NCTC 11047 (UHDFO100003)

=4 Staphylococcus saccharolyticus ATCC 14953 (L37602)

Staphylococcus capras ATCC 35538 (ABO09935)

I Staphylococcus microti NCTC 12832 (UHDT0100001)

100 I—'Ii Staphylococcus canis HI16-1A (MT442037)
b Staphylococcus agnetis 6-4 (HM484980)
492|7 Staphylococcus warneri ATCC 27836 (L37603)

Staph: us pasteuri ATCC 51129 (AF041361)
6 Ii Staphylococcus lugdunensis ATCC 43809 (ABO09941)
Stapt cus devriesei NCTC 13828 (UHCZ0100002)

56

== Staphylococcus haemolyticus MTCC 3383 (LILFO100056)

Staphylococcus croceilyticus CCMB8421 (AY953148)

ag)

Staphylococcus caeli 82B (MH431939)

0.0050

Fig 4: Neighbor-Joining phylogenetic trees depicting the connection between the
strain S. aureus FKZEW99 (shown in black circle) and related Staphylococcus
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spp. The proportion of duplicate trees in which the related strains grouped
together in the bootstrap test (100 repetitions) is indicated next to the branches.

3.2 Antibiotic sensitivity test analysis

To select the greatest contagious microbes, we employed a diffusion of
antibiotic disks technique, employing various antibiotics from distinct classes
that vary based on their mechanism of action in opposition to the tested
bacterium. Based on prior research, the diameter of bacterial growth suppression
was measured to be 8 mm in the current study, depending on its sensitivity or
resistance (Hassan et al., 2022). All newly recorded strains were shown to be
responsive to the medicines Augmentin and Ciprofloxacin, while all were
resistant to Cephalothin. However, all strains were shown to be 90% resistant to
Cefixime and Bacitracin. Amoxicillin resistance rate was 50%, Table (1).

Table- 1- Antibiotic sensitivity test of the detected strains of bacteria.

Interpretation

Antibiotic S. stutzeri | S. stutzeri S. aureus E. cloacae | E. cloacae
FZES83 ZKEWF80 | FKZEW99 ZEF94 EFZ23 %
Augmentin S S S S S 100
Ciprofloxacin S S S S S 100
Cefixime R R R R I 90
Bacitracin R R I R R 90
Amoxicillin I S S R R 50
Cephalothin R R R R R 100

% 60 50 40 50 60

R = Resistant; S = Sensitive; I = Intermediate
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3.3 Sensitivity test for plant extraction

Extracts of plants under study were used to observe the effect of these
extracts on bacterial sensitivity or resistance compared to antibiotic susceptibility
testing. The sensitivity test was performed in the same manner as measuring the
diameter of bacterial inhibition in growth dishes. The diameter of inhibition was

assessed on an 8 mm field in accordance with prior research (Montagna et al.,
2019).

Table (2) illustrates the proportion of bacteria resistance and sensitivity to
plant extract solutions at 200 mg/ml concentrations. Oregano has a 100%
resistance rate, but turmeric has a 90% resistance rate, suggesting that both
extracts are bacterially susceptible. Clove demonstrated a sensitivity of 70%,
which is regarded good in terms of inhibitory activity. S. stutzeri FZE83 and
ZKEWEFS0 strains were resistant to other plant extracts. This study found that the
inhibitory findings for plant extracts at doses of 100 and 200 mg/ml were similar,
with a little difference. All strains recorded demonstrated 100% sensitivity,
except the S. stutzeri ZKEWF80 strain, which showed resistance to all extracts,
Table (3).

Table-2- The impact of plant extracts on the development of new bacterial
isolates when the extract is concentrated at 200 mg/ml.

S. stutzeri | S. stutzeri S. aureus E. cloacae | E. cloacae | %
FZES83 ZKEWFR0 | FKZEW99 | ZEF94 EFZ23
Turmeric 200 | R R | R R 90
mg/ml
Oregano 200 | R R R R R 100
mg/ml
Clove 200 mg/ml I R S S S 70
% 83.33 100 50 66.7 65
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Table -3- The impact of plant extracts on the development of new bacterial
isolates when the extract is concentrated at 100 mg/ml.

S. S. stutzeri S. aureus E. cloacae | E. cloacae | %
SMIzert |, EWFS0 | FKZEW99 | ZEF94 EFZ23
FZER3
Turmeric R R R R R 100
100 mg/ml
Oregano R R S R R 100
100 mg/ml
Clove 100 | S R S S S 80
mg/ml
% 66.7 100 33.3 66.7 66.7

4. Discussion

It is essential to research and identify the oral bacteria because of their
importance to a person's health. A somewhat objective view of the species and
composition of bacteria can be obtained from the evolution of the DNA sequence
of the conserved bacterial 16S rRNA gene. This is useful for detecting bacteria

that are highly sensitive, not cultivable, or strains that have just been discovered
(Han et al., 2016).

Genomic sequencing of 16S rRNA can provide more information than
standard approaches like qPCR or PCR. 16S rRNA gene sequencing has many
advantages, which include identifying more bacteria in test samples, and giving
information on dental pockets and the plaque microbiota (Shi ef al., 2018).

The current investigation detected five novel strains of bacterial species
found in periodontal pockets: S. stutzeri, E. cloacae, and S. aureus. These species
are often found naturally in areas contaminated with a variety of bacteria and
fungus, such as the mouth, gum tissues, and oral cavity. Although these strains
have less mutations than strains recorded in NCBI, it is feasible to evaluate the
influence of mutations on antibiotic resistance. The development of hitherto
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unknown bacterium strains may raise alarms about their antibiotic resistance,
increasing the complexity of treatment.

In one documented study, 42.7% of patients had Staphylococcus spp. in the
periodontal pocket and 69.5% in the oral cavity. The study also found that S.
aureus was 13.4% frequent in the gingival pocket and 15.8% in the oral cavity
(Cuesta et al., 2010). Penicillin-resistant staphylococci are commonly found in
subgingival biofilms, regardless of periodontal condition. Strains with virulence
genes associated with inflammation, cytotoxicity, and tissue invasion contribute
to these opportunists' pathogenicity in the gingival environment (Colombo ef al.,
2023).

Enterobacter spp. is important because it may make patients' clinical
presentations of chronic periodontitis more complex. They are essential in
situations where periodontitis is refractory, and they have the potential to cause
systemic infections if they persist after periodontal treatment. There is a greater
prevalence of Enterobacter in people with persistent gingivitis (Gamboa et al.,
2013).

An interesting aspect of this study is the difference in antibiotic sensitivity
and resistance among the bacterial strains studied, since all were resistant to
Cephalothin but responsive to Augmentin and Ciprofloxacin. The sensitivity of
the remaining antibiotics varies depending on the kind.

A previous study found that the susceptibility test for an isolated S. stutzeri
Most of the tested antibiotics were effective against the strain from high-salinity
wastewater, including Ciprofloxacin, Gentamycin, and Tobramycin (Wang et al.,
2023). Previous research indicated that E. cloacae develop a chromosome-
mediated AmpC B-lactamase, rendering them resistant to Ampicillin,
Amoxicillin-Clavulanate  (Augmentin), and first and second-generation
cephalosporins. This study does not agree with the findings of our present study
(Hu et al., 2020).

Excessive and inadvertent antibiotic usage promotes the spread of
resistance among microorganisms. This is due to the phenomena of natural
selection, which causes bacteria to adapt to the changing conditions in their
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surroundings. If the dose of the antibiotic is not deadly to the bacteria, it causes
adaptations, including mutations in the bacterium, which can lead to the bacteria
gaining resistance through several methods (Bottery et al., 2022).

The present study's findings corroborated a previous investigation that
found E. cloacae bacteria to possess innate resistance against both Ciprofloxacin
and amoxicillin. Contrary to what we observed in our present work, this study
discovered that E. cloacae are resistant to Augmentin. The previous study also
discovered that the incidence of E. cloacae increased by 20% between 2008 and
2015, with antibiotic resistance increasing among periodontitis patients (Jepsen
et al.,2022).

Regarding plant extract solutions' impact on bacterial proliferation, our
investigation discovered that all registered strains are resistant to Turmeric and
Oregano at doses of 100 and 200 mg/ml, respectively. One exception is the S.
aureus FKZEW99 strain, which was sensitive to Oregano at 200 mg/ml and
Turmeric at 100 mg/ml. The strains differed in their sensitivity and resistance to
clove extract at the two observed concentrations.

Our results contrast those of a prior study that demonstrated that turmeric
leaf extract at concentrations of 20%, 40%, 60%, and 80% reduced the
development of E. coli, Staph. aureus, and S. dysenteriae but not L. acidophilus
(Ilham et al., 2018). A laboratory study was done utilizing the agar diffusion
method with the concentration of turmeric extract. The inhibitory zone was seen
at 20%, 40%, 80%, and 100%. Turmeric extract inhibits the growth of Staph.
aureus bacteria. These results are congruent with what we discovered in this
investigation (Peterson et al., 2018).

Curcumin users increased their beneficial microbiota by an average of 69%
in the identified species. The turmeric plant was used to treat intestinal disorders,
and the microorganisms in the gut responded somewhat. The bacteria susceptible
to it were Clostridium spp., Bacteroides, Citrobacter, Enterobacter spp.,
Enterobacteriaceae, and Klebsiella spp. (Fatimah et al., 2022).

The impact of oregano oil on biofilm-grown strains of Staph. aureus and
Staph. epidermidis was assessed in a study. It was proven that the biofilm
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inhibitory concentrations reduced the development of biofilms for Staph. aureus
on polystyrene microtiter plates (Nostro et al., 2007).

Oregano essential oil is gaining popularity among academics due to its
inherent antibacterial properties. Some studies have used proteomics to evaluate
its possible antibacterial benefits against Staph. Aureus (Hao et al., 2021).

Although there have been few studies on cloves' antibacterial activity
against Enterobacter spp., Citrobacter spp., and Proteus spp., one study
discovered that cloves efficiently treated all of these clinical isolates. They
demonstrated an antibacterial capability against several intestinal bacteria strains,
which was quite comparable to our findings (Faujdar et al., 2020). Clove oil was
tested for its bactericidal properties against Staph. aureus and E. coli O157:H7,
and it was shown to reduce bacterial numbers by less than 3.0 logarithmic units
(Yoo et al., 2021).

5. Conclusions

It is critical to diagnose bacteria in periodontal pockets since they are vital
to an individual's health and can prevent future difficulties. The indiscriminate
the usage of antibiotics causes the creation of novel strains of bacteria that are
resistant to a variety of therapies. Not only that, but the newly identified strains
some of these bacteria are resistant to plant extracts, the effectiveness of other
natural products should be investigated
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