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Abstract

The present study designet isolate and identify pathogenic
Actinomycesspp. from the oral cavities of patients with root canal
infections at the Misan Governorate Center, specifically targeting the age
group between 13 and 75 years who visited the Specialized Dental Center
and Dental Clinics in Ahmara Gty, southern IragAll specimenswere
identified by traditional methodsGram stain biochemical tests, and the
Vitek 2 compact system) and molecular methods, including PCR
technology using universal and specific primerand DNA gene

sequencing based on the NCBI gene bank.

Samples were collected from November 25, 2024, to March 5, 2025.
A total of 50 samples were collected from 50 patients suffering from
diseases resulting from tooth root infectionMisan Governorate Center
for seven age groups ranging from 43 (Les than20, 2029, 3639, 40
49, 5059, 6069, 7079) including 26 females (52%) and 24 males
(48%). The highest percentage of isolation was in the age gro3®)30
and (5059).

Finally, the antibiotic resistance ofebeisolates werestudied. The
resistance of #seisolates to the following antibiotics weréested using
the Kirby-Bauer method: Amoxyclav, Ampicillin, Cephalexin,
Azithromycin, Erythromycin, Clindamycin, Doxycycline, Tetracycline,
Vancomycin, Cefoxitin, Levofloxacin, and Imipenem The results
showed thatwo isolates are multi-resistant to antibiotics (MDR), as it
exhibited resistance to each of the following antibiotics: Amoxyclav,
Ampicillin,  Erythromycin, Clindamycin, Cephalexin, Cefoxitin,

Imipenem, Vancomycin, and Azithromyci
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Chapter One Introduction

1.1 Introduction

The oral cavityharbors an exceptionally variedicrobial population
largely because dafts role in consumingand breaking down foodlt is
distinguished from other areas of the body by the presence of specialized
mucosal surfaces, teeth, saliva, and gingival crevicular .fluid
(Sobieszczanslat al, 2023; Marsh & Martin, 2009)

The rehtionship between thmouthmicroflora and the host in a state
of dynamic equilibrium. As a result of changes in oral biology resulting
from exogenous sources, e.g., courses of antibiotics, ingestion of
fermentable carbohydrates, or endogenous sourcesckanges in the
integrity of host defenses after drug therapy, as well as tooth extraction
and other trauma, this relationship can be disturbed, and diseases can
occur.(Santacrocet al., 2023; Liet al,, 2022)

Periodontitis,alveolar bone lossndodontic infectionand tonsillitis
are oral infectious diseases caused by the oral microflora. It has been
estimated that more than 700 microorganispsciesnhabit the human
mouth The oralcavity microflora includestwo main types of bacteria:
Gramypositive and Granmegative. (Sudhakamt al, 2018 Freireet al,
2021)

Actinomycespecies are found in thmeouthas part of the oratavity
microflora they ableattachon oral tissues, making them resistant to
cleansing processes such as salivary flow, classified as-foaitive,
facultative anaerobic, nespore forming,and filamentous organisms
(Dioguardi et al, 2020; Steiniger & Willinger, 2016)The genus

Actinomycess a primary colonizer involved in biofilm formation, along
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with Streptococcusandlinked to a broad spectrurof diseases caused by
microbes living in biofilms, include dental caries and periodontal
disease. As part of a polymicrobial infectidkgtinomyesis commonly
found in dental pulp infections. These bacteria are also involved ir extra

radicular infections. (Kéndénen & wade, 2015; Sarkonen, 2007)

In contrast to the oral cavity, the root canal system is devoid of
microflora. Once microorganismsenter the root canal system (due to
mechanical or thermal trauma), harmful effects occur, ranging from
reversible pulpitis to pulp tissue necrosis, which eventually leatiseto
formation of theapical periodontitisand periapical lesion(Persoon &
0Ozok,2017)

When microbes invade the root canal system, they can trigger apical
periodontitis, an inflammatory condition affecting tissues around the
tooth root. (Siqueirat al, 2024) This disease progresses through acute
and chronic phases. During tleute stage, neutrophils predominantly
infiltrate the area and bone begins breaking down; patients typically
experience a persistent, pulsating discomfort that worsens when biting or
tapping the tooth. As the condition transitions to its chronic phasss the
neutrophils give way to other inflammatory cells. Pain generally
diminishes during this later stage, though sudden -flase can still
happen. (Zajaet al., 2021)



Chapter One Introduction

1.2 Aims of the Study
1. The wsolation and identificatiorof Actinomycesspp by some
biochemicalkests, Vitek 2 compact system
2. Detection ofActinomycespp by specific primer sequence by PCR
and 16S rDNA sequencing
3. Study of antibiotic resistance patternsAaftinomycespp isolated

from the root canal system
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Chapter Two Literatures Review

2.1 Literatures Review

2.1.1 Microbial ecology of the oral cavity

The oral cavity is a heterogeneous environment for microbial
colonization. It is characterized by the presence of mucosal surfaces (such
as lips, cheeks, palate, and tongue) and teeth, which due to their
biological properties, support the growth of distinenicrobial
community. (Fine & Schreiner, 2023; Akimbekost al, 2022) Saliva
profoundly influences the oral environments PH, which ranges
between 6.75 and 7.25, enables many microorganisms to grow, and its
lonic composition also stimulat@s propeties to buffering and abilityo
remineralize tooth enamdOktanauli et al, 2023; Gozali & Sianita,
2022) Saliva's main organic constituents, proteins and glycoproteins
including amylase, mucin, immunoglobulin (predominantly slgA),
lactoferrin lysozyme, and sialoperoxidagghindeet al, 2024) influence
oral microbial communities throudh): Adsorption on oral surfaces,
especially teeth, thus forming a layer that enables microorganisms to
adhere to it, 2) Provides essential nutrients (carth@tgs and proteins)
to the resident oral microflora without causing harmful PH drops, 3) They
mask bacterial antigens by binding to the surface of the bacteria, making
them look like the host, 4) They act as components of host defenses and
thus prevent th adhesion and growth of certain exogenous
microorganisms, 5Clumping microbes together, which allows them to

be cleared from the mouth through swallow{Batabyalet al, 2012).
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During an individual's lifetime, the characteristics of some key oral
habitats change. In the earliest months after birth, for instance, the oral
cavity contains mostly mucosal tissues that support microbial
establishment. As children age, teeth emerdsaas, permanent surfaces,
creating a distinct environment within the body wheierobes can settle
and persist Tooth eruption also provides another ikatbfor microbial
colonization, the gingival crevicend an additional source of nutrients

(gingival crevice fluid).(Ali & Tanwir, 2012)

Teeth provide a unique surface that allows large microorganisms
population(dental plaque) tduild upin the form of biofilms (Abebe,
2021)

In addiion to geographical differenceshe structure of the oral
microflora among ndividuals is affected by age, gender, dietand

diseae. (Tuominen & Rautay2021)
2.1.2 Normal population of the oral cavity

More than seven hundred species of microorgasissuch as,
bacteria, viruses, and fungnhabit human mouth. The types, as well as
abundance of these microorganisms vary depending on age of person,
diet, and individual hygiene. (Alghamdi, 2022)

In healthy conditions, oral microorganisms and their host maintain a
balanced relationship thaserves an important protective function
blocking external bacteria from establishing themselves and potentially
affecting the body's overall healt®ral diseases, such as tooth decay,
gum disease, and periodontal disease, are caused by disruptiors in th

relationship, which can be triggered by smoking and the consumption of

5
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foods containing various chemicals, thereby affecting theal
microorganism  composition Therefore, understanding oral
microorganismis important for understanding the mechanisms ahl
diseasegMirandaet al,, 2025)

In the oral cavity, bacteria constitute the bulk of the microbial
communities They are mainly composed of: Staphylococcusspp,
Streptococcusspp., Actinomycesspp, Veillonella spp, Fusobacterium
spp. , Porphromonasspp, Prevotella spp, Treponemaspp, Nisseria
spp, Haemophills spp, Eubacteria spp, Lactobacterium spp,
Capnocytophaga spp, Eikenella spp, Leptotrichia spp,
Peptostreptococcuspp, and Propionibacteriumspp. Kitamoto et al,
202Q Avila et al,, 2009

In healthy individuals, oral fungi are the most complex and diverse
group of fungi. Candidaspecies constitute the major component of the
oral fungal community, although many other species exist. However, oral
fungi are not fully understoodDefta et al, 20294 Candida numbers
increase more in people undergoing chemotherapy, antibiotics, or
corticosteroids, as well asn people with diabetes and HIYQuinddset
al., 2019

The oral cavityroughly 6 billion bacteria alongside possibly 35 times
more viruses. Bacteriophages make up most of these viral populations
and likely help shape how b@rial communities develop and interact
within the oral environmen{Thakkaret al, 2022 Edlundet al, 2015
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Other members include protozoa parasites,which studies have
revealed two typesTrichomonas tenaxand Entamoeba gingivalis
(Gharaviet al., 2009

2.1.3 Root canal system

The pulp consists of soft connective tissue situated at the tooth's core
and is connected to the periodontal membrane through a small apical
foramen, through which it receives its nerve and vascular supply. It is
frequently termed the pulp cavity or root canal system. The root canal
system consists of two parts: the coronal part; called pulp chamber, and
the radicular part; called root canal, both of which are surrounded by
coronal and radicular dentiras in [Figue 21]. (Ahmed et al, 2024
Darling, 1959

In contrast to other parts of the oral cavity, the root canal system does
not contain microflora; therefore, bacteria inhabiting infected root canals
act as opportunistic pathogens, functioning either asmleas

commensals or diseasausing agenigTeleset al, 2013

Due to several factors, such as caries, cracks and fractures,
microorganisms and their toxins can easily reach the pulp chamber, thus
triggering an inflammatory response of the pulp that eventually leads to
necrosis of pulp. The inflammation can spread aweolar bone
surrounding the tooth, causing periapical disease. Oral sepsis is one of the
most serious consequences of pulpitis and may pose a hazard to life.
Consequently, infections spreading fromaxillary teeth may result in
meningitis, purulent sinuss, orbital cellulitis, brain abscess, and

cavernous sinus thrombosla contrastthe spread of infection from the
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mandibular teeth can lead to mediastinitis, parapharyngeal abscess,

pericarditis, emphysema, and jugukarombophlebitis. (Yu & Abbott,
2007

Ena mel\_ {

Dentine Gingivae Crown

4
(‘J

EL'—— Cervix

Pulp |
W\ | —Alveolus

Root canal
. —Cementum
Root

Root apex

Figure @-1): Diagram showing components difet root canal systen
(Lemmers, 2017)
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2.1.4 Actinomycesspp.

Actinomyces spp  Grampositive,  Microaerophilidacultative
anaeobe, slowgrowing, saprophytic filamentous, branching bacilli,
norspore forming nonacid fast, found in themouth pharynx,
gastrointestinal tracand female genitourinary tract easmponent®f the
normal @mmensal bacteria in the humgMcHugh et al, 2017; Kaya,
2011)

Actinomycesin the oral cavity, constitute a large proportion of the
native oral microbiota and an essential group involved in early
colonization for dental plaque formation. In general, the genus
Actinomyces is associated with root caries, periodontal disease
(paricularly in inactive sites), and endodontic infectiofifie role of
individual Actinomycespecies in the root caries process remains unclear,
althoughActinomyces naeslundii, A. gerencseneaere the most isolated
species(Sarkonen2007 Eshraghi2006

Actinomycesact as opportunistic pathogens causing actinomycosis, a
slowly progressive, indolent granulomatous disease affecting all organs
and tissues. Actinomycosis classified as cervicofacial, abdominopelvic,
and thoracicA. gerencseriae@nd others are themost common species
causing this disease. Researchers have suggestdatimmimycesnvade
compromised or dead tissue as their pathogenic strategy for penetrating
and multiplying within deeper anatomical structurdgtinomycesare
assocated with systemic diseases, including central nervous system,

cardiovascular system, and gastrointestinal t(acet al, 2019
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Traditionally, anaerobic Granpositive bacilli from theActinomyces
genus have been identified through phenotypic testiathods detecting
enzymes like oxidase, urease, catalase, along with sugar fermentation
patterns, indole production, and commercial biochenkdalincluding
the ANC identification card. These apprbas frequently cause
misidentification at species and strain levels, though, and the ANC card
only covers seveActinomycespecies. Modern identification now relies
on molecular diagnostic techniques: 16S rRNA sequencing, polymerase
chain reaction (PCR@nd16S ribosomal DNA restriction analysis with
targeted primer. MALDITOF MS has appeared as another quick and
precise way for identifying anaerobic bacteria liksctinomyces
providing reliable genukevel identification rapidly(Gajdacs& Urban,
202Q Wolff et al, 2029

10
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2.1.4.1 Taxonomy ofActinomycesspp.

In bacterial taxonomy, domain represents theléopl classification,
with subsequent ranks including phylum, class, subclass, order, suborder,
genus, and species. Members within families exhibit phenotypic traits
that remain evolutionarily stable Actinomyces falls within the
Actinomycetaceadamily, alongside other genera lik&ctinobaculum
Mobiluncus Varibaculum and Arcanobacterium as in [Table 2-1].
(Sarkonen2007)

Table @-1): Taxonomic rankgBarkaet al, 2016)

Taxonomic ranks Example

Domain Bacteria

Phylum Actinobacteria

Class Actinobacteria

Order Actinomycetales

Suborder Actinomycineae

Family Actinomycetaceae

Genus Actinomyces

Species Actinomyces odontolyticus

11
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2.1.5 Root canal dental diseases

2.1.5.1 Pulpitis

It is an inflammation of the tooth pulp. Besides caries, which is the
most common cause of pulpitis, the inflammation also result from
thermal or chemical irritation or mechaal damage to the tootlBrook,
2004) Pulpitis is divided into two types: rergble and irreversible. In
reversible pulpitis, the tooth is more sensitive to harmful stimulh s
food heat and heals very slowlyThe individual experiences localized
pain andcan identify the affected tooth. If left untreated, reversible
pulpitis progresses to irreversible pulpitis, in which the individual
experiences severe, petsig pain that is not localizeevhich eventually
leads to pulp necrosis, a terminal diseéiBehlet al, 2024; Ali & Mulay,
2015)

2.1.5.2 Pulp necrosis

There are several reasons for the loss of vitality of the soft pulp in a
tooth, including trauma or severe bacterial infection. This condition is
called pulp necrosis. Irritating pain in the tooth or surrounding area is the
first sign of pulp necrosigAbdulwahabet al, 202) Depending on the
extent of the damage, the pain can range fromor to serious with
swelling and discomfort when chewing. Affected teetkhibit a
persistent discoloration ranging from pink to gray without returning to

their standarctolor, as in[Figure2-2]. (Zajacet al., 202)

12
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Enamel
Cavity

Dentin

Blood vessels
Pulp

Gum

Nerve

Dental abscess

Figure (22): Bacterial invasionto the root canal system and tl
occurrence of a dental abscg&tatPearls, 2024)

2.1.5.3 Periapical diseases

In reaction to appearance of microorganisms and irritants inside
system of root canal, an inflammatory process occurs around the apex of

the tooth, also referred to as apical periodonfiidbott, 2004a)
Classification of periapical diseases

1 Apical periodontitis.
1 Periapical abscess.
9 Radicular cystgWHO, 1995.

13
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2.1.5.3.1 Apical periodontitis

Apical periodontitis is an inflammatory disease affecting the periapical
tissues and present in acute or chronic forms, with the potential to
progress into a periapical abscess. Acute apical periodontitis is commonly
caused by bacterial infection and reésul the formation of an acute
periapical or alveolar abscess, although it can also arise from chemical or
physical trauma. Clinically, the affected tooth appear slightly elevated in
its socket due to inflammatory edema within the periodontal ligament,
and patients often experience severe pain upon biting or palpation.
Histopathological features include vascular dilation and infiltration of
polymorphonuclear leukocytes. Chronic apical periodontitis, also referred
to as a periapical granuloma, typically dps as a consequence of
untreated acute apical periodontitis and asymptomatic or associated with
mild discomfort during mastication or percussion, accompanied by a
sensation of slight tooth elongation. A periapical abscess develop from
acute or, more fgpently, chronic apical periodontitis and is
characterized by localized pus accumulation in the periapical region.
Acute abscesses present with tenderness to pressure, progressive pain,
tooth extrusion, possible tissue swelling, and associated with sgstemi
manifestations such as fever and lymphadenitis, whereas chronic
abscesses usually exhibit minimal clinical features due to limited
suppuration and a low tendency to spread to surrounding tissues
(Sivapathasundharam, 2016).

14
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2.1.5.3.2 Periapical abscess

A periapical abscess arises from acute periodontitis or, more
commonly, from chronic periodontitis. It is a localizadcumulationof
pus in the area surrounding a tooth and acute or chiinena chronic
periapical lesionsuddenly flares upit's called a phoenix abscess. An
acute abscess is characterized in its early stages by tenderness of the
tooth, which is often susceptible to pressure. Over time, the tooth
becomes extremely painful and protrudes slightly from its socket. There
tissue swelling These symptoms may leerrelate withsevere systemic
manifestations|ike fever and lymphadenitis. A chronic abscess, on the
other hand, presents with no clinical features because it is essentially an
area of mild suppuration with little tendency to smrefrom the

surrounding aregB u r ¢ z gt@s2k1a)
2.1.5.3.3Radicular cysts

A radicular cyst develops as an inflammatory lesion from epithelial
tissue remnants in the periodontal ligament and ranks among the most
frequently occurring jawesions. These cysts appear at tooth apices or
laterally along the tooth surface where lateral root canals exist. They
cause bone breakdown and can grow substantially large, becoming
problematic once infection sets in. Two distinct types exist: true fadicu
cysts, where epithelial lining completely encloses a cavity, and apical
radicular cystsepithelially lined cavities that remain connected to root
canals, now termed periapical pocket cysts. True apical cysts constitute
more than half of all cystic patltogies, whereas apical pocket cysts
represent the residual casas in[Figure 2-3]. (Nainani & Sidhu, 2014
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l
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Pulpitis
Reversible == |rreversible
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Infection

!
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| > infection occur
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Figure (23): Diagram the progression of disease witlthe root cana
system and pulgAbbott, 2024 b)

2.1.6 Antimicrobial resistance

Antimicrobial resistance, particularly to bacterial antimicrobials,
represents a global health concern. The antibiotic resistance concept
refers to the ability of microorganisms, such as bacteria, to develop
resistance to the action of antimicrobiatser time, leading to the
appearance of drugpsistant pathogens. In 2021, it was estimated 4.71
million mortalities worldwide were related with resistance to
antimicrobials. According to these estimates, by 2050, resistance to
antimicrobials kill 10 millon person every year if adequate measares
not taken to reduce.ifHo etal., 2025;Naghaviet al, 2029

16



Chapter Two Literatures Review

The World Health Organization has placed antimicrobial resistance
within the top 10 worldwide health challenges (WHO, 20Miltiple
factors drive antimicrobial resistance, particularly excessive antimicrobial
use, improper prescription practices, and misapplication for wrong

treatment purposeélanget al, 2023
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Chapter Three

Materials & Methods

3.1 Materials

3.1.1 Equipment and Materials

Table 8-1): InstrumentsaandEquipmentn the currenstudy.

No. Equipment Supplier Origin
1. | Autoclave Hiarayam Japan

2. | Anaerobic Jar Oxoid England
3. | Burner Himedia India

4. | Conical flask General USA

5. | Cylinder HBG England
6. | Cotton swap Al-Rawbi China

7. | Disposable petri dishes | Al-Hani USA

8. | Disposable face masks Dr. Moxa USA

9. | Electrophoresis system Cleaver England
10. | Eppendorf centrifuge Eppendorf Germany
11. | Eppendrof tubes Apogent USA

12. | Ethanol 70% Tiebah Iraq

13. | Forceps Himedia India

14. | Gloves Broche Malaysia
15. | Hood Daihan Labtech | Korea
16. | Incubator Fisher Scientific | USA
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17. | Light Microscope Olympus Philippine
18. | Magnetic stirre hot plate | Heidolph Germany
19. | Mini vortex Apogent USA
20. | Micropipettes Dragon China
21. | Microscopic slides Superestar India
22. | Microscopic cover slides | Citogias China
23. | McFarland meter BioMerieux France
24. | Oven Memmet Germany
25. | PCR thermal cycler Biometra Germany
26. | Plain tubes Afco Jordan
27. | Plastic ruck Meheco China
28. | Paper point Tribest China
29. | Para film Jenway Germany
30. | Sensitive balance Denver Germany
31 | Standard wire loop John Botten England
32. | Screw cap vials Pyrex England
33. | Test tube ALS Canada
34. | Tips Plasti Lab Lebanon
35. | UV light transilluminator | Cleaver England
36. | Vitek 2 Compact System | BioMerieux France
37. | Water bath Memmet Germany
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3.1.2 Culture media and Chemicals

3.1.2.1 Culture media

Table 3-2): Culture media thaisedin Lab.

No. Media Supplier Origin
1. | Actinomycesagar Himedia India
2. | Blood agar base Himedia India
3. | Muller-Hinton agar Himedia India
4. | Nutrient agar Himedia India
5. | Nutrient broth Himedia India
6. | Potato dextrose agar Himedia India
7. | Thioglycollate broth Himedia India
8. | Tryptone water Himedia India
3.1.2.2 Chemicals
Table @3-3): All chemicals used in the study.
No. Chemicals Supplier Origin
1. | AnaeroGek 3.5 L Gas back Oxoid LTD England
2. | Absolute ethanol Scharlan Spain
3. | Agarose Promega USA
4. | Catalase test Himedia India
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5. | DNA marker (1001000 bp) | Takara China
6. | Kovacs' reagent Lobachemie India
7. | Mini g DNA Bacteria kit Geneaid Korea
8. | Master mix Bioneer Korea
9. | Nuclease free water Bioneer Korea
10. | Oxidase test Himedia India
11. | TBE buffer 5x Promega USA
12. | Vitek 2 ANC kit BioMerieux France
3.1.3Stains
Table @3-4): Stainsused in the study.
No. Stains Supplier Origin
1. | Ethedium bromide Promega USA
2. | Gram stain Titan Biotech LTD | India
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3.1.4 Antibiotic discs

Table @-5): All antibiotic discs used in the study.

No. Antibiotic Symbol | Concentration| Origin
1. | Amoxyclav AMC | 30 ncg/disc India
2. | Ampicillin AMP | 10 ntg/disc India
3. | Azithromycin AZM | 15 ncg/disc India
4. | Clindamycin CD |2 mcg/disc India
5. | Cephalexin CL 30 mcg/disc | Turkey
6. | Cefoxitin CX 30 mcg/disc | India
7. | Doxycycline DO | 30mcg/disc | India
8. | Erythromycin E 15 ncg/disc India
9. | Imipenem IMP | 10 mcg/disc | India
10. | Levofloxacin LEV |5 mcg/disc Turkey
11. | Tetracycline TE 30 mcg/disc | India
12. | Vancomycin VA 30 ncg/disc Turkey
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3.1.5 Primers used in PCR amplification in this study

Amplification of isolates using universal and specific primers for all

samplesas in[Table3-6 and3-7].

Table B-6): Sequence of univeldgarimer that use in this study.

_ Length | Amplicon
No. Primer Sequence _
(bp) | size (bp)
1. |16SrDNA|F |5-AGAGTTTGATCCTGGCTCAGS3 20 1500
2. |16SrDNA|R |5-GGTTACCTTGTTACGACTTE3 19 1500
(Raji et al, 2008)
Table @3-7): Sequence of specific primer that use in this study.
_ Length | Amplicon
No. Primer Sequence _
(bp) | size (bp)
1. |SCACT19 |F |5-CCGTACTCCCCAGGCGGGE' 19 500
2. |SCACT20 |R |5-CGCGGCCTATCAGCTTGTT& 20 500

(Stachet al., 2003)
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Steps to isolate and diagnose éfctinomycesspp.

Root canals samples (n= 50
Using sterile paper points
Part One:
[ Traditional methods ]
Aerobic culture orn ( Anaerobic culture with
blood agar from 74 gas pack on blood age
days. from 7-14 days
Gram stain Biochemical tests Vitek2 compact
(Oxidase test, catalase system
test, Indole test, and
Motility test )
Part Two:
[ Molecular methods ]
DNA oCR Agarose DNA gene
Extraction Gel Electrophaesis sequencing
Part Three:

Antibiotic resistance test
using
Amoxyclav, Ampicillin, Cephalexin, Azithromycin, Erythromycin, Clindamycil
Doxycycline, Tetracycline, Vancomycin, Cefoxitin, Levofloxacin, and Imipen
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3.2 Methods

3.2.1Preparation of the media

The prepeation of culture media followsthe manufacturer's

directions.
3.2.1.1Thioglycollate broth

The powder (28 grajnwas suspended in 1 L distilled water (DW),
heated to full dissolving. Broth medium (5 ml) was then dispensed into
screwcap tubes with tight seals. Sterilization occurred through

autoclaving for 15 minutes at 121°C.
3.2.1.2Blood agar

Forty grams of power was dissolved in 1 L DW and heated until
boiling. The mixture was sterilized for 15 minutes at 121°C under 15 Ibs
pressure. Once cooled to-86°C, it was supplemented with 10% fresh
human blood and distributed into sterile pla{e®rbeset al, 2007)

3.2.1.3 Nutrient agar

Twenty-eight grams of agar was suspended in 1 L DW, heated until
fully dissolved, sterilized at 121°C for 15 minutes. After cooling to 50°C,
the medium was poured into sterile platédd Ali & Al -waeli, 2025)

3.2.1.4 Nutrientbroth

Thirteen grams of agar was putted in 1 L DW and heated until fully
dissolved. Broth medium (5 ml) was then dispensed into tightly capped
screwcgp tubes and sterilized at 121°C for 15 minutes
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3.2.1.5 Potato dextrose agar

Thirty-nine grams of agar was putted in 1 L DW, heated until fully
dissolved, then sterilized at 121°C for 15 minutes. After cooling to 50°C,

the medium was dispensed into sterile plaigs Fariaset al, 2010)
3.2.1.6 Actinomyces agar

The powder (77.22 gramsyas suspended in 1 L DW and heated to
boiling to fully dissolving. Autoclaved at 121°C for 15 minutes under 15
Ibs pressurgAtlas, 2004)

3.2.1.7 Tryptone water

Twentyfive grams of agar powder was suspended in 1 L DW and
heated. The medium wathen dispensed into tubes, sterilized by

autoclaving
3.2.18 Muller -Hinton agar

Thirty-eight grams of medium was suspended in 1 L DW and heated.

Autoclaved, then cooled and gensed into plates
3.2.2 Sampls collection

Specimenswere obtained from 50 patients aged7B3 attending the
SpecializedDental Center andDental Clinics in Amarah City Center.
Between Novemer 25, 2024, and March 5, 2025sikg sterile paper
points, specimenswere collected from the oral cavitgf 50 cass,

specifically the root canal of the tooth.
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3.2.3 Culture of samples

All specimens of Root canalere inoculateddirectly in 25 ml of
thioglycollate and nutrient brotfseparate tubesJhentransported to the
microbiology laboratory within Zours incubated at 37°C for 72 hours.
One complete ring of bacteria developed in tHyagllate broth, and the
nutrient broth was inoculated onto blood agar. The inoculated media were
incubatedboth aerobially and anaerobally (using an anaerobic jar)
createl by anaerogn gas pack (Oxoid Ltd, Englandt 37°C for 714
days.

3.2.4 Identification of bacterial isolates

|dentificationof bacterial was carried out using the characteristics of
their culture, stained with Gram stain, and validated using the automated
microbiological Vitek 2 Compact system using the ANC ID Kkit

(Biomerieux, France
3.2.4.1 Morphological characterization of bacteria

Gram stain was used to stain smears of newly formed colonies. These
were then cultured on blood agar and examined under a microscope to
determine how the stainnteracted with the colony structure and
organization. Colonies of isolates cultured on bloadar were
characterized according to their morphology, pigmentation, edge, and the
change in color in the medium. These were therugedt onActinomyces

agar medium and Potato dextrose agar medium.
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3.2.4.2 Biochemical tests

3.2.4.2.1 Catalase test

A loopful of colonywas placed on a clean slide to examine catalase
production. One drop of 3% hydrogen peroxide was injected, and bubble

formation suggests favorable outcom@handra, 2023XReiner, 206)
3.2.4.2.20xidase test

Several methodsxist for testing for oxidase, such as the filter paper
assay, speonfilter paper technique, agar plate direct inoculation
approach, test tubeased protocol, among additional procedures. An
individual, distinctly separated colony is picked utilizing ianculation
loop from a recently prepared bacterial culture platen@@ culture),
rubbed well on a small filter paper, and color changes are observed for
60-90 seconds. A positive result indicates a purple color, while a negative

result indicates noolor change(Chavaret al., 2022)
3.2.4.2.3Indole test

Tryptophan represents a vital amino acid that undergoes oxidation
through bacterial tryptophanase enzyme activity. Bacterial species
synthesizing tryptophanase possess the capability to desemp
tryptophan into three distinct products: pyruvic acid, ammonia, and
indole. Detection of indole occurs through its reaction with Kovacs'
reagent, a compound consisting ofdinhethylaminobenzaldehyde,
hydrochloric acid, and butanol. A positive reactroanifests as a cherry
red ring formation at the medium's surface, whereas the absence of

coloraton signifies a negative outcor{®arma and Bhattacharjee, 2020)

28



Chapter Three Materials & Methods

3.2.4.2.4 Motility test

The motility test is used to determine the abilityne€roorgansms to
move The test is performed using a sesolid motility medium
containing a low concentration of agar {@3%%), which allows motile
organisms to migrate through the medium. A sterile straight needle is
used to pick a welisolated colog, and the medium is inoculated by a
single vertical stab to approximately 1 cm above the bottom of the tube.
Care is taken to avoid lateral movement during inoculation to prevent
falsepositive results. The inoculated tubes are incubated at 37°C for 72
hours. Motility is indicated by diffuse or turbid growth spreading away
from the stab line, whereas growth restricted to the line of inoculation

indicaes a normotile organism(Palmaet al., 2022)
3.2.4.3ldentification of bacteria isolates by Vitek 2compact system

Following the manufacturer's protocol, bacterial suspensions were
formulated using 7hour prepurified cultures in test tubes filled with
sterile 0.45% sodium chloride solution, adjusted to 0.5 MacFarland
turbidity standard measuredusng a Turbidimeter for accuracy
Subsequently, the ANC card alongside suspensioniaining tubes were
introduced into a Vitek 2 compact automated analyzer and subjected to
incubation for roughly 6 hourgLi et al, 2014)
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3.25 Molecular study of isolates

3.25.1 DNA Extraction

According to themanufacturés instructions for the Geneaid Kit,
DNA has been extracted, After injection the cultubadterial colonies
into five ml of nutrient broth and Thioglycollate broth, cultured at 37 °C
for 72 hours(Faroq 2024)

The steps:
Initial Sample Creation

Bacterial cells (up to 1 x 10°) were introduced into a 1.5 ml
microcentrifugetube. A tminute centrifugation at 346,000 x g was
executed, after which the supernatant was discarded. The requisite
volume of Gram+ Buffer (200 pl/sample) was dispensed into a 15 ml
centrifuge tube. Lysozyme (0.8 mg/200 pl) was incorporated into the
Gram+ Buffer (inside the 15 ml centrifuge tube), with vortexing
employed to ensure total Lysozyme solubilization. Following this, 200 pl
of Gram+ Buffer (containing dissolved Lysozyme) was added to the
sample in the 1.5 ml microcentrifuge tube, and pebsuspension was
accomplished via vortexing or pipetting. A-8tinute incubation at 37°C
was carried out, during which tube inversion was implemented -at 10
minute increments. Proteinase K (20 ul, prepared with ddH20) was
subsequently introduced, followed bwrtex mixing. An incubation at
60°C was then conducted for no less than 10 minutes, with tube inversion
carried out at 3ninute increments. Following completion, the pomb

progressed to step 2: Lysis
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Lysis

The sample received 200 pl of GRuffer, followed by 10 seconds of
vortex agitation. A 70°C incubation period lasting at least 10 minutes was
implemented to achieve total lysate transparency. During this thermal
treatment, the tube underwent inversion every 3 minutes. Concurrently,
the rejuired Elution Buffer (200 ul per sample) was warmed to 70°C in

preparation for the upcoming DNA elution procedure (step 5)
Optional RNA Removal Step

Upon completion of the 70°C incubation, RNa&s€5 ul at 50 mg/ml
concentration) was loaded to the clarified lysate, followed by vigorous
vortexing. Incubation was subsequently conducted at room temperature

for 5 minutes.
DNA Binding

Absolute ethanol (200 ul) was loaded to sample lysate, ane dhate
mixing was performed through vigorous shaking. In cases where
precipitate formation occurred, maximum disruption was achieved using
a pipette. A GD Column was inserted into a 2 ml Collection Tube. The
entire mixture (including all insoluble precigie) was loaded onto the
GD Column, after which centrifugation at-14,000 x g was conducted
for 2 minutes. The 2 ml Collection Tube holding the fitwough was
then eliminated, and the GD Column was transferred into a new 2 ml

Collection Tube
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Wash

The GD Column received 400 ul of W1 Buffer. A -88cond
centrifugation at 146,000 x g was implemented, after which the flow
through was eliminated. The GD Column was placed back into the 2 ml
Collection Tube. Wash Buffer (600 pl, etharsoipplementedyvas then
dispensed onto the GD Column. Anothersg@ond centrifugation at 14
16,000 x g was carried out, with subsequent ftovough removal. The
GD Column was reinserted into the 2 ml Collection Tube. A final
centrifugation lasting 3 minutes at-14,000 x g was performed to ensure

thorough drying of the column matrix
Elution

The typical elution volume has been set at 100 pl. When processing
fewer specimens, reducing the elution volume%8Qul) is recommended
to increase DNA concentration. For situations demanding greater DNA
yields, repeating the elution process is adviseaptimize DNA retrieval,
bringing the cumulative elution volume to roughly 200 ul. The desiccated
GD Column was relocated to a fresh 1.5 ml microcentrifuge tube.
Warmed Elution Buffer', TE Buffer, or water (100 ul) was delivered to
the column matrix cente A minimum standing period of 3 minutes was
allowed to ensure complete absorption of the Elution Buffer, TE Buffer,
or water. Centrifugation was performed at1i81000 x g for 30 s®nds
to elute the purified DNA
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3.25.2 Identified the bacteria by using PCR

The bacterial isolates were identified by using PCR to amplify

universal 16S rDNA primers.
F 5-:GTACAGTTGCTTCAGGACGTATG3
R 5-GGT TAC CTT GTT ACG AC TT3'

In addition to specific primers used for the identification of bacterial

isolates Actinomycespp.

F 5-CCGTACTCCCCAGGCGGGS
R 5-:CGCGGCCTATCAGCTTGTT&"
Reagent

1x Buffer of TBE

Agarose

Ethidium bromide

3.25.2.1 Agarose preparation

Agarosegel electrophoresis (1%) was formulated through dissolution
of Ig agarose in 100 mL of IX TBE buffer, permitted to cooling to 50°C,
followed by incorporation of 5 pl. ethidium bromide into the solution of
agarose, which was subsequently dispensed into cdsting tray.
Following agarose solidification, comb was extracted, resulting in well
formation (Asadet al, 2023
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3.25.2.2 PCR amplification for universaland specificprimer s

Isolated bacterial specimens from the oral cavity have been identified
using the PCR technique, which involves amplifying the 16S rDNA gene
primers as in[Table 3-8 and3-9].

Table 3-8): PCR Amplification program founiversal primers used in

this study.

No. Stage Temperature| Time | No. of cycle
1. | Denaturation as initial 95 3min 1

2. | Denaturation 95 45sec

3. [ Annealing 56 1min 35

4. | Elongation 72 2min

5. | Final elongation 72 5min 1

Table 3-9): PCR Amplification program for specific primeused inthis

study.

No. Stage Temperature| Time | No. of cycle
1. | Denaturation as initial 95 5min 1

2. | Denaturation 95 30sec

3. | Annealing 68 30sec 30

4. | Elongation 72 30sec

5. | Final elongation 72 5min 1
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Table B8-10): Mixture reaction 50ul for PCR Amplification.

No. Reagent Volume
1. Master mix 25ul
2. Forward primer 5ul
3. Reverse primer 5ul
4. DNA sample 5ul
5. Nuclease water free 10ul

3.25.3 Gene sequence analysis

DNA samples with primers (forward and reverse) were sent to
Macrogen companySeoul, South Koreajand the resulting sequences
were compared with sequendéat previouslyregistered in the National
Center for Biotechnology InformatiofNCBI) databaséy using BLAST
to determine the sequence and number of nitrogenous l§Ssgerset
al., 2019)

3.2.6 Antibiotic resistance test

Antibiotic resistance of bacteria was evaluated employing the Kirby
Bauer disc diffusion technique. Pealtured colonies aged 72 hours were
inoculated using test tubes with containing 1 ml of physiological saline.
The turbdity of suspension was standardized using 0.5% McFarland's
standard. A sterile cotton applicator was subsequently submerged into the
bacterial suspension tube, rotated, and compressed against the tube's

interior wall to eliminate surplus liquid. The apgltor was then streaked
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across MuelleHinton agar plates multiple times in varying orientations

to ensure uniform bacterial distribution. Antibiotic discs were
subsequently positioned onto the agar surface using sterilized forceps at
equidistant intervaland lightly pressed. The plates were then maintained
under anaerobic circumstance using Anaerogen 3.5 L &ag8°C for

three successive day§hwailiyaet al, 2024; Bergqvist, 2024Hudzicki,

2009)

3.2.7Statistical Analysis

Statistical Packagtor the Social Sciences (SPSS) program was used
to analyze the data statistically, and data were expressed as frequencies
and percentages. The Ghigu ar e (6] ) t est was us ¢
association between categorical variables and to determine shitistic
significant differences among the groups at a significance level of
(P<0.05).
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4.1 Results & Discussion

4.1.1 Sample collection

In this study, 50 bacterial samples were isolated from 50 patients with
Root canal infections in Amarah city, southern Iraq. Clinical samples
were collected from root canals using paper points. Roa@l dafections
can spread to the surrounding tissues, causing periapical inflammation
and potentially leading to other litareatening diseases. Specimens were
cultured on enriched and selective media, including blood agar media and
Actinomycessolation nedia, and incubated at 37°C forl4 days. This
results aligns with the finding of (AlSaady, 2021).

4.1.2 Distribution of Root canal dental disease patients

according to sex and age

Distribution of Root canal dental disease patients sex and aganga sh
in Tabled-1), which is a total of 50 Root canal dental disease patients, of
which 26 (52%) were females and 24 (48%) were malesn [Figure 4
1]. The age groups (389) and (5669) had the highest isolation rates for
identifying bacterial isolatesausing root canal diseaséNo statistically
significant variations were detected among all age groups (P > @95)
in [Table 41].
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Table @-1): Distribution of patients with oot canal dentapathologies

based to theexand age

Age Number of root canal dental diseases patient Total
No. Female Male _
(Years) patients
Number % Pct. Number % Pct.
1. |Less 20 4 15.4% 1 4.2% 5
2. 20-29 6 23.1% 2 8.3% 8
3. 30-39 4 15.%% 4 16.7% 8
4, 40-49 3 11.5% 2 8.3% 5
5. 50-59 8 30.8%0 7 29.2% 15
6. 60-69 0 0% 5 20.8% 5
7. 70-79 1 3.84% 3 12.5% 4
26 Total 24 Total 50 Total

Chi-Square=0.11, P > 0.05
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Female

52%

Figure @-1): Female and Male sex distribution in Root canal de

diseases patients.

The present study demonstrated a slight predominance of females
(52%) compared to males (48%) among patients diagnosed with root
canal dental diseaseas in [Figure 4l]. This higher prevalence among
females attributed to several biological and physiological factors.
Hormonal fluctuations experienced by females thhmug different life
stages, including puberty, pregnancy, and menopause, can influence
pulpal blood flow, vascular permeability, and inflammatory response,
thereby increasing susceptibility to pulpal and periapical infections. In
addition, pregnancyelatel changes such as alterations in salivary
composition, decreased salivary pH, increased carbohydrate intake, and
episodes of nausea and vomiting may contribute to a higher risk of dental
caries and subsequent pulp involvem@itiis findings is concurrent it
the results ofYangetal., 2029
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A total of 50 samples belong to seven age groups ( Less than 20), (20
29), (3039), (40649), (50659), (60669), and (7679), the highest
frequencies of root canal disease were observed in H293nhd 5059
age groups. In the B39 age group, disease igef linked to untreated or
poorly managed dental caries, failed restorations, repeated dental
procedures, and prolonged exposure to cariogenic habits. ForitG@ 50
age group, increased prevalence reflects cumulative dental pathology,
agerelated changesni pulp tissue, reduced local immunity, gingival
recession, xerostomia, and systemic conditions such as diabetes, all of
which increase susceptibility to pulpal and periapical infections. These
findings are consistent with previous studies reporting high&ralence
of endodontic diseases among middiged and older aduli®alado &
CamacheAparicio, 2023.

4.1.3ldentification of bacterial isolates

4.13.1 Morphological characteristics of colonies and microscopic

diagnosis

Morphological features are widely used to distinguish between genera,
as the shape of bacteria growing on solid media can provide valuable and
rapid clues for identification. Some common laboratory media, including
nutrient agar, blood agar, and selectiketinomycesagar, have been
shown to support the growth @ctinomyce spp. (Monchevaet al,

2002) All 50 isolated root canal samplegreinitially inoculated using
blood agar medium under strict aerobic and anaerobic conditiniisl4
days at 37°C
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The plates were regularly monitored to check bacterial growth. After
the growth period, it was noted that the colonies varied in number, color,
and texture. After this, colonies were taken and examined
microscopically using Gram stain. The results vebod that 34 (68%)
isolates (24 isolated under anaerobic conditions Hhasolated under
aerobic conditions) were Grapwositive with filamentos and roeshaped
forms, as in[Figure 4-5]. These results are consistent with (Cetizal,
2015)

Actinomyce spp.colonies on blood agar appeared creamy, dark brown
in color, and were creamy in texture, smooth, convex, and circular in
shape, while some were leathery, rouggtahaemolyticand filamentous
in shape as in[Figure 4-2], These variations reflect uttiple factors,
including differences between species or strainfdAainomyce spp,
metabolic activity, pigment production, composition of the -culture
medium, incubation conditions, and the growth phase of the colonies.

These resultagreewith (Sarkoneret al, 2001)

When grown on selectivéctinomycesagar, which is considered
suitable for the growth ofctinomycesspp., as it supports their growth
well, colonies appeared to be creamy white in color, and they were
creamy in texture, smooth, convex, and circular in shape. Some of them
were rough, leathery, and filamentous in shasein[Figure 4-3], The
selective medium enhanced the typical morpholdgfeatures of
Actinomyces spp. by inhibiting competing flora, allowing clearer
observation of characteristic growth patterns. These findings agree with
Somya & Ramalingappa (2022), who reported similar colony

morphologies on selective media.
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Due to tleir structural resemblance to fundictinomyce spp were
also cultured on &tato DextroseAgar. Growth produced creawcolored,
rough, leathery, and filamentous colonias in[Figure4-4] and [Table 4
2]. Blyskal et al (2017) documented similar observations, emphasizing

the phenotypic resemblanceAdtinomyce spp.to fungi.

The morphological and microscopic findings confirm the phenotypic
diversity of Actinomycs spp.isolated from infected root canals. These
results highlight the importance of integrating colony characteristics with
Gram staining for accurate identification, while also demonstrating the
influence of different culture media on the expression of morphological

traits

Table @-2): Media growth characteristics Attinomyce spp

Media growth Results of growth

Blood agar Creamy, dark brownSmooth, Circular, Conve

and leathery, rough, filamentous.

Actinomyces agar | White to creamySmooth, Circular, Convex, ar

leathery, roughfilamentous

Potato dextrose aga Creamy leathery, rough, flamentous
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Figure (42): Colony of Actinomycesspp.on blood agaafter 4 days of
Il ncubation 37¢eC.

Figure @-3): Colony of Actinomyces spp.on Actinomycesagar after 4
days of ncubation 37¢C.
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Figure (44): Colony of Actinomycesspp.on potato dextrose agafter 4
days of incubation 37eC

Figure (45): Actinomycesspp.observed by microscopy 1000x .
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4.1.3.2 Biochemical tes$

In this study, biochemical tests were performed on all 34 isolates to
identify and characterize them, including catalase, oxidase, indole, and
motility tests. Each test required the preparation of a specific growth
medium, followed by bacterial inoculaticend observation of distinct
enzymatic or physiological reactionshese tests provide a rapid and
accurate means of differentiating bacterial strains based on their
distinctive properties, thereby facilitating further investigation and

characterization.

All isolates showed a positive catalase reaction, as evidenced by
bubble formation upon the addition of hydrogen peroxadein [Figure 4
6] and [Table 43]. This finding indicates the ability of these bacteria to
decompose hydrogen peroxide into &aand oxygen, reflecting their
capacity to tolerate oxidative stress. The presence of catalase activity is
consistent with the facultative nature of maAgtinomyce species.
Similar results were reported by Njeraet al (2019), who also

documented catalase positivity amahgiinomycs spp.isolates.

In contrast, all isolates were oxidasegative, indicating the absence
of the cytochrome c oxidase enzymas in [Figure 46] and[Table 43].
During the test, no col change to purple was observed upon the addition
of the oxidase reagent, confirming that these bacteria do not produce the

enzyme. Similar results f1@ been reported by Hari (2019)

45



Chapter Four Results & Discussion

Regarding the indoletest, all isolates yielded negative results,
demonstrating their inability to degrade tryptophan to produce indsle
in [Figure 46] and [Table 43]. This observation is in agreement with the
findings of Singhet al. (2012), who similarly reported indshegative

reactions amongctinomyce species.

The motility test revealed that all isolates were -nuotile, as in
[Figure 46] and [Table 43]. This observation is consistent with the
typical nonmotile nature ofActinomyce spp, which generally lack
flagella or other active motility structures. Similar findings have been
reported by Salk Dhakal (2023).

Table @-3): Microscopic and biochemical tests #ctinomycespp

Biochemical tests Results
Gram stain G +ve
Catalase test +

Oxidase test

Indole test

Motility

46



Chapter Four Results & Discussion

Figure (46): Resuls of biochemical testA, Oxidase testve B, Catalase

test + ve C, Indole testve D, Motility test- ve.
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4.1.3.3 Diagnosis using the Vitek Zompact system

In this study, the Wek 2 compact system was employed to identify
all 34 isolates, representing 68% of the total samples. The system utilized
diagnostic ANC cards to perform biochemical profiling for identification.
Among these, six isolates (18%) were identified as belonging to the genus
Actinomyces with identification probabilities ranging from ©84%,
while some isolates showed lower confidence leg€B0% as in [Table
4-5]. Higher probability values indicate reliable identification; however,
reduced confidence in certain isolatesflact phenotypic similarities
among closely related species or limitations in the system database. In
addition, ten isolates (29%) remained unidentified by the system, due to
database limitations, particularly for uncommon or less frequently
encounteredmecies as in [Table 4]. The remaining 18 isolates3%)
were identified as other bacterial species. These findings are consistent
with Lee et al (2011), who evaluated theitgk 2 ANC card for
identification of anaerobic clinical isolates and reportediability in

identification accuracy depending on the bacterial species.

Table (44): Identification of Actinomycesspp. by Vitek 2 compact

system
No. of sampleg Gram positive Vitek 2 compact system
Actinomycespp. 6 (18%)
50 34 (68%) Unidentified 10 (29%)
Other 18 (53%)
Total 50 (100%) Total 34 (100%)
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4.1.4 Molecular identification
4.1.4.1DNA Extraction of bacterial isolates

The results of genomic DNA extraction, as visualized by agarose gel
electrophoresis ifiFigure 4-7], demonstratedhigh-integrity and distinct
bands for all 16 isolated bacterial. The manual extraction using a
specialized ki{fGeneaid, Koreayielded sufficient concentration and high
purity, with no visible signs of DNA degradation or protein
contamination. These findlgs confirm the efficiency of the extraction

protocol, providing a reliable genetic template for the subsequent

molecular applications in this study.

Figure (47): Band patterns on agarose gel electrophoresis for bac
isolates.
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4.1.4.2 Amplification of universal primer

In the current study, 16S rDNA gene sequencing was employed to
detect bacterial isolates. After DNA extraction, polymerase chain reaction
(PCR) analysis was performed on all 16 isolates udi6§ rDNA
However, follaving amplification, all isolates yielded negative results.
This unexpected outcome may be attributed to limitations associated with
the universal primers used. Similar findings were reported by d&flab
(2012) who demonstrated that certain universal primers fail to amplify
some species belonging to the phylum Actinobacteria, including members
of the Actinomycetesgroup. Such amplification failure result from
primeit e mpl at e mi smatches, ternpnasrotthecul ar | \
primer, in addition to sequence variability among different bacterial

species.
4.1.4.3 Amplification of specific primer

Genusspecific primers successfully amplified all 16 bacterial isolates,
yielding clear and distinct PCR productas in [Figure 48]. This
confirms their high specificity toward the target genus and supports their
use as a reliable molecular tool for accurate identification. These results
provide precise confirmation of the bacterial isolates, complementing the
pherotypic and biochemical findings of this study. This is consistent with
the findings of Rizkiantineet al (2023), who reported the effectiveness

of genusspecific primers for bacterial identification.
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IR 2.3

Figure (48): A, B, Gel electrophoresis of specific primers binding reg

on theActinomycesspp. isolates through PCRand 10, Ladder
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4.1.4.4 16S DNA Gene Sequences

In this study, 16S rDNAsequencing was used to identify bacterial

isolates at the molecular level, enhancing diagnostic accuracy compared

This approach is widely

methods.

biochemical

to conventional

recognized for reliably identifying fastidious, slaywowing bacteria, and

for detecting rare or newly described species. Based on the current

findings, 16S rDNA sequencing successfully confirmed the identity of the

bacterial isolates and showed concordance with the biochemicdkresul
as in [Table 45]. These observations are cotsnd with Jand& Abbott

(2007), who reported that 16S rDNA gene sequencing enhances bacterial

identification in clinical settings and serves as a valuable adjunct to

conventional phenotypic methods.
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Figure (49): Data of the identification of the usingctinomycesspp.

using NCBI Blast nucleotide sequence
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Frame

Strand
Plus/Plus

Gaps
5/584(0%)

Identities
578/584(99%)

Expect
0.00

Sequence ID: PP550672.1 Length: 639 Number of Matches: 1

Range 1: 50 to 630
1009 bits(1118)

Actinomycetes bacterium strain KAC7 16S ribosomal RNA gene, partial sequence
Score

Chapter Four

0—0

Frame

Strand
Plus/Plus

Gaps
0/250(0%)

53
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Data of the identification of the usingctinomyces
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Actinomycetes bacterium strain PPB 16S ribosomal RNA gene, partial sequence

Sequence ID: PP704658.1 Length: 1487 Number of Matches: 1

Range 1:383 to 632
Sbjct 443 TCGAATAGGG
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Figure (410): Data of the identification of the usindctinomyces
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Uncultured Actinomyces sp. clone EMLACT1IV 16S ribosomal RNA gene, partial sequence
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Figure (412): Data of the identification of the usigtinomyces spp.

using NCBI Blast nucleotide sequence
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Table @-5): Evaluation of conventionalidentification techniquesand

molecularapproacheapplied to bacterial isolates.

Vitek2
Gram
NO. - compact | Morphology| 16S rDNA gene sequenc
stain
system
1. Actinomyces Actinomycete98%
G +ve| odontolyticus Bacilli
93%
2. Unidentified Actinomycete96%
G +ve Filamentous
3. Unidentified Actinomycete85%
G +ve Bacilli
4, Unidentified Actinomycesp 93%
G +ve Filamentous
5. Unidentified Actinomycesp87%
G +ve Bacilli
6. Unidentified Actinomycesp 8%
G +ve Bacilli
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7. Unidentified Actinomycesp82%
G +ve Bacilli
8. Actinomyces Actinomycetale80%
G +ve| odontolyticus Bacilli
93 %
9. Unidentified Actinomycesp 78%
G +ve Bacilli
10. Actinomyces Actinomycesp 73%
G +ve | meyeri50% Bacilli
11 Actinomyces Actinomyceteg1%
G +ve| odontolyticus Bacilli
94 %
12 Unidentified Actinomycesp 70%
G +ve Bacilli
13. Unidentified Uncultured bacteriun96%
G +ve Filamentous
14. Actinomyces Uncultured bacteriun®6%
G +ve| odontolyticus Bacilli
90%
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15. Unidentified Uncultured bacteriun®6%
G +ve Filamentous

16. Actinomyces Uncultured bacteriun®6%
G +ve | meyeri50% Bacilli

4.1.5 Antibiotic resistance test

Antibiotic resistance testing was performed using the KiBauer
disk diffusion method to determine the resistance patterns of the
Actinomycessolates.Out of the sixteen isolates, two (13%) exhibited

multidrug resistance (MDR).

The first isolate \as the most resistant, resisting 8 out of 12 antibiotics
(67%), including Amoxiclav, Ampicillin, Erythromycin, Clindamycin,
Cephalexin, Cefoxitin, Imipenem, and Vancomycin, while the second
isolate was resistant to 4 out of 12 antibiotics (33.3%), inctudin
Azithromycin, Clindanycin, Cephalexin, and Cefoxitims in [Table 4]
and [Figure 414].

Findings from the present study corresponded with those of the
researcher Rahdat al (2021), as most isolates showed sensitivity to the
Imipenem antibiotic while other isolates exhibited heterogeneous
resistance patterns. As for the Amoxyclav antibiotic, the results were
varied, as some isolates were responsive to this antibiotic, while others
showed resistance to it; however, all isolates were highlytaesit the

Cefoxitin antibiotic.
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As for the following antibiotics Erythromycin, Cephalexin,
Vancomycin and Ampicillin the results showed consistency with what
was indicated by the researchers Nakouit & Hobbs (2012), as most of the
Isolates appearecksistant to Ampicillin and others were sensitive to it,
and all the isolates appeared resistant to Cephalexin and some isolates

were resistant to both Erythromycin and Vancomycin

In research conducted by Zhat al. (2017), bacteria exhibited very
high resistance to both Clindamycin and Azithromycin, which is
consistent with the findings of the current study. Similarly, Steininger &
Willinger (2016) reported that nearly all tested species showed resistance

to Clindamycin.

The significant resistance observed Actinomycessolates reflects
their inherent biological and molecular mechanisms that enable survival
in the presence of antibiotics. This resistance is primarily mediated
through modification of cellulatargets, which reduces the effectiveness
of drugs on essential bacterial processes, and through the production of
enzymes that inactivate antibiotics before they reach their target sites.
Additionally, efflux pumps and decreased cell membrane permeability
can limit the entry of antibiotics into the bacterial cell. This explains the
heterogeneous resistance patterns observed in the current study (Peterson
& Kaur, 2018).
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Table @-6): Multi-drug resistance patterns of tAetinomycespp

No. | Antibiotic disc Iso. 1 Iso. 2
1. AMC R S
2. AMP R S
3. AZM S R
4, E R S
5. DO S S
6. TE S S
7. CD R R
8. LEV S S
9. CL R R
10. CX R R
11 IMP R S
12. VA R S

AMC: Amoxyclav, AMP: Ampicillin, AZM: Azithromycin, E: Erythromycin, DO:

Doxycycline, TE: Tetracycline,

CD: Clindamycin,

LEV: Levofloxacin, CL:

Cephalexin, CX: Cefoxitin IMP: Imipenem, VA: Vancomycin, R: Resistars:

sensitive.
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Figure (414). Resistanceof Actinomycesspp. to antibiotic discs on
Muller-Hinton agar A, Cephalexin, Cefoxitin, ClindamycinB,
Tetracycline, Doxycycline, Ampicillin, Erythromycin, Vanaoycin, G

Imipenem Amoxyclav, Levofloxacin
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Chapter Five Conclusions & Recommendatior

5.1 Conclusions

1 Actinomycesspp. play an essential role in the development of
diseases resulting from tooth root inflammation.

9 It was observed that individuals within thei39 and 5059 age
groups showed higher susceptibility to these diseases.
Additionally, females exbited a highernfection rate compared
to males

1 In the current studyActinomycesspp. exhibited resistance to

Clindanycin, Cephalexin, and Cefoxitin
5.2 Recommendations

1 Preferably se of specietevel primers to identifyActinomyces
isolates by PCR.

1 We recommend the necessity of considering the possibility of
isolating Actinomyces spp. from various anatomical sites,
particularly in cases of chronic lungbdominal, and pelvic
infections

1 We recommend Doxycycline as a firsline treatment for
multidrug-resistant Actinomycesisolates obtained from patients
with root canal infections, as the isolates have demonstrated
sensitivity to this antibiotic

1 Preferablyavoid random use of antibiotics without a prescription.
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Questionnair form

Name

NO. of sample
Date

Age:

Sex

Propping depth
Drugs

Clinical diagnosis

Sample collection site :



Appendix

Figure (1): A, Sample collection at th&pecialized Dental Centds,
Sample collection case

Figure (2): Workplace: Microbiology Laboratory, College of Scien:
University of Misan.



Appendix

Figure (3): A, B, CPreparing culture media for growing samples



Appendix

Figure (4): A,Radiograph showing tooth abscessulting from
chronic pulpitis. B,collecing the Sampldrom the root canal o
the tooth using sterile paper points

Figure (5): A, Control. Blncoulation of paper points in thioglycolla
broth after sample collection
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Figure (7): Actinomyces agatr.
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Figure (8): A, Vitek2 compact system B,C, ANG.
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Cat. No. GBB101 Expiry Date: 2026/03

d Presto” Mini gDNA Bacteria Kit

(100 Preps)

Store at room temperature
& For research use only Lot No. LK02605-2

Geneaid

Figure (10): A, Mini g DNA Bacteria kit B, Gel loading DNA.
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Figure (11): A, Gel Electrophoresis System B, Thermocycler PCR Macl
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Appendix

Uncultured Actinomyces sp. clone EMLACT11V 16Sribosomal RNA gene, partial sequence

Sequence ID: JQ285871.1 Length: 801 Number of Matches: 1

Range 1: 3 to 483
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