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Abstract

Oral diseases such as dental caries and periodontitis are strongly associated with microbial
dysbiosis and increasing antibiotic resistance, posing a significant public health challenge.
Understanding shifts in oral microbiota, related risk factors, and resistance trends is essential
for effective disease management. This study aimed to compare oral bacterial flora between
healthy individuals and dental patients, assess associated behavioral and socioeconomic risk
factors, and evaluate antibiotic resistance patterns of isolated bacteria. A comparative cross-
sectional study was conducted on 120 participants (60 healthy individuals and 60 dental
patients) aged 10-65 years. Oral swabs were cultured on selective and non-selective media
under aerobic and anaerobic conditions. Bacterial identification was performed using Gram
staining and biochemical tests. Antibiotic susceptibility was assessed using the Kirby—Bauer
disk diffusion method following CLSI guidelines. Risk factors were recorded via structured
questionnaires. Statistical analysis was performed using Chi-square tests and logistic regression
(p < 0.05). Microbial growth was observed in 97.5% of samples, with significantly higher
colony diversity in dental patients (p < 0.05). Healthy individuals predominantly harbored
commensal Streptococcus species, while dental patients showed increased prevalence of
pathogenic bacteria, including Streptococcus mutans (70%), Prevotella intermedia (60%),
Fusobacterium nucleatum (50%), and Porphyromonas gingivalis (40%) (p < 0.001). Risk
factors such as poor oral hygiene, high sugar intake, and infrequent dental visits were
significantly associated with disease (p < 0.01). Antibiotic resistance was higher among dental
isolates, with multidrug resistance observed in Staphylococcus aureus (55-60%). Dental
disease is associated with microbial dysbiosis, behavioral risk factors, and increased antibiotic
resistance. Rational antibiotic use, improved oral hygiene practices, and continuous
surveillance of resistance trends are strongly recommended.

Keywords: Oral microbiota, Dental caries, Periodontal pathogens, Antibiotic resistance, Risk
factors.

Introduction

The human oral cavity harbors one of the most diverse microbial communities in the body, with
over 700 bacterial taxa identified to date (Chen et al., 2010). This ecosystem encompasses a
remarkable variety of ecological niches, including the dental surfaces, saliva, dorsum of the
tongue, buccal mucosa, gingival sulcus, and tonsillar crypts, each presenting distinct
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environmental conditions that shape microbial colonization and community structure (Mark
Welch et al., 2020). These microhabitats differ substantially in their oxygen concentration,
redox potential, nutrient availability, and degree of immune exposure, creating a complex
mosaic of ecological opportunities for microbial life (Cornejo Ulloa et al., 2019). The mouth
provides a structurally complex environment with a range of differentiated and, as yet,
incompletely explored habitats (Mark Welch et al., 2020).

The physicochemical heterogeneity of oral sites is a fundamental driver of microbial diversity.
Oxygen tension varies dramatically across the oral cavity, with aerated surfaces such as the
buccal mucosa and tongue dorsum supporting facultative anaerobes, while the gingival sulcus
and deep periodontal pockets create reduced environments that permit the growth of obligate
anaerobes (Mark Welch et al., 2020). Even within individual biofilms, steep micron-scale
gradients in oxygen and redox potential generate stratified communities, with aerobic
organisms occupying outer layers and strict anaerobes residing in the deeper core (Mark Welch
et al., 2020). One of the environmental factors affecting bacterial distribution is oxygen,
supported by the high proportion of obligate anaerobes like Fusobacterium at lingual sites,
whereas aerobes or facultative anaerobes like streptococci are highly common at vestibular sites
exposed to higher levels of oxygen . Nutrient sources likewise differ by location: supragingival
plaque derives substrates primarily from diet and saliva, whereas subgingival communities
depend on gingival crevicular fluid and host-derived glycoproteins (Cornejo Ulloa et al., 2019).
Salivary flow, oral hygiene behaviors, diet composition, immune functionality, and host genetic
factors collectively determine the stability of this ecosystem (Cornejo Ulloa et al., 2019).
Within this spatially structured environment, oral microorganisms engage in a dynamic
interplay of competition and cooperation that shapes community composition and function.
Streptococcal species exemplify this balance, employing bacteriocins and hydrogen peroxide
to antagonize competitors while simultaneously engaging in metabolic cross-feeding that
sustains community members (Kreth et al., 2005; Kreth et al., 2008). Coaggregation between
disparate taxa facilitates metabolic interdependence, enabling strict anaerobes to persist in
aerated sites through the oxygen-consuming activities of neighboring facultative species (Mark
Welch et al., 2020). These interactions are temporally dynamic, with pioneer colonizers
modifying local conditions to either promote or exclude subsequent colonizers (Kreth et al.,
2008). Oral microbial communities display emergent properties that cannot be inferred from
studies of single species, and the networks of multiple synergistic and antagonistic interactions
generate microbial inter-dependencies that contribute to oral health (Marsh & Zaura, 2017).
Recent advances in metapangenomic and spatial-ecological approaches have revealed that oral
microorganisms exhibit fine-scale habitat specialization that was previously unappreciated.
Studies of the Neisseriaceae family, for instance, have demonstrated distinct site tropisms
among closely related species: Kingella oralis and Neisseria elongata preferentially colonize
dental plaque, Neisseria subflava occupies the tongue dorsum, and Neisseria cinerea is enriched
in keratinized gingiva (Giacomini et al., 2025). These distribution patterns correlate with
habitat-specific genetic adaptations, including metabolic pathways for nitrogen metabolism in
plaque specialists and antimicrobial peptide resistance mechanisms in tongue dorsum
specialists (Giacomini et al., 2025). Such findings underscore the importance of understanding
oral microbial ecology at the micron scale, where sharp gradients in oxygen and nutrients create
distinct microhabitats within millimeters of each other (Mark Welch et al., 2020).

This article examines the ecological determinants of oral microbial community structure, with
particular attention to how environmental gradients, microbial interactions, and host factors
converge to maintain or disrupt ecosystem stability. We first characterize the physicochemical
heterogeneity of oral niches, then discuss the competitive and cooperative strategies that shape
community dynamics, and finally consider how host-related variables—including salivary flow,
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immune function, and genetic background—modulate the balance between health and dysbiosis
(Cornejo Ulloa et al., 2019; Marsh & Zaura, 2017).

The present study was designed with three main objectives: first, to isolate and identify bacterial
species from oral samples of dental patients visiting the dental unit at DHQ D.I. Khan and from
apparently healthy individuals with no dental issues; second, to study the risk factors associated
with dental issues in the selected population; and third, to determine the antibiotic susceptibility
profile of the isolated bacteria. Collectively, these objectives aimed to provide a comprehensive
understanding of the bacterial etiology of dental diseases, associated risk factors, and antibiotic
resistance patterns in the study population.

Materials and Methods

Study Design

The present study was designed as a comparative cross-sectional investigation to evaluate
differences in oral bacterial flora between healthy individuals and dental patients. The study
further assessed behavioral and socioeconomic risk factors and analyzed antibiotic
susceptibility patterns of the isolated bacterial species. This design allowed a simultaneous
comparison of microbial diversity, disease association, and resistance trends within the study
population, enabling identification of both commensal and pathogenic bacteria in oral health
and disease.

Study Area

The study was conducted at the Dental Unit of District Headquarter (DHQ) Hospital, Dera
Ismail Khan, with laboratory processing carried out at the Microbiology Laboratory,
Department of Biological Sciences. Dera Ismail Khan represents a population with diverse oral
hygiene practices, dietary habits, and socioeconomic conditions, which are important
determinants of oral microbial composition and oral health status. Ethical approval was
obtained prior to sample collection, and all procedures adhered to international research
standards for studies involving human subjects.

Study Population

A total of 120 participants were enrolled, divided equally into 60 dental patients and 60
apparently healthy individuals, aged 10-65 years. Dental patients were clinically diagnosed
with caries, gingivitis, or periodontitis, whereas healthy individuals exhibited no visible oral
disease. Among the healthy group, 52% were male and 48% were female, while the dental
patient group comprised 55% males and 45% females. Inclusion criteria for healthy participants
included the absence of visible caries or periodontal disease and no antibiotic use in the previous
four weeks. Dental patients were included based on confirmed clinical diagnosis. Exclusion
criteria were participants with systemic conditions altering oral flora (e.g., uncontrolled
diabetes, immunosuppression), recent dental treatment or antibiotic therapy (less than one
month), use of antiseptic mouthwash, or heavy smoking history.

Assessment of Risk Factors

Behavioral and socioeconomic risk factors were evaluated using structured questionnaires. Data
collected included frequency of tooth brushing, sugar consumption, frequency of dental visits,
socioeconomic status, and medical history (including diabetes and other systemic conditions).
Clinical indices measured included the DMFT (Decayed, Missing, Filled Teeth) index to assess
caries severity, the gingival index to evaluate gingival inflammation, and periodontal probing
depth to measure periodontal status. These data were later correlated with microbiological
findings in the results chapter to assess associations between oral disease and lifestyle,
socioeconomic, and medical factors.
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Sample Collection

Oral samples were collected using sterile cotton swabs. In healthy individuals, swabs were
taken from the buccal mucosa, tongue dorsum, and supragingival plaque. In dental patients,
samples were collected from carious lesions, gingival margins, and periodontal pockets. All
swabs were immediately placed into Stuart transport medium and processed in the laboratory
within 2 hours to maintain bacterial viability. Sample collection was performed following
aseptic protocols to minimize contamination.

Culture and Isolation

Samples were inoculated onto selective and non-selective media to recover a broad spectrum
of oral bacteria. Blood agar was used for general growth and hemolysis, MacConkey agar for
isolation of Gram-negative bacteria, Mitis Salivarius agar for selective isolation of oral
streptococci, Rogosa SL agar for lactobacilli isolation, and nutrient agar for general cultivation.
Plates were incubated aerobically at 37°C for 24—48 hours, and anaerobically at 37°C for up to
72 hours for samples collected from disease-associated sites (periodontal pockets). This step
was necessary to recover fastidious anaerobes associated with oral disease.

Identification of Isolates

Bacterial isolates were initially classified by Gram staining into Gram-positive and Gram-
negative organisms. Subsequently, biochemical tests were performed to identify bacteria at the
genus or species level. These included catalase and coagulase tests, optochin sensitivity and
bile esculin hydrolysis, carbohydrate fermentation profiles, and indole, oxidase, citrate
utilization, and triple sugar iron (TSI) reactions. The combination of these morphological,
staining, and biochemical tests enabled accurate identification of commensal and pathogenic
oral bacteria.

Antibiotic Susceptibility Testing

The Kirby—Bauer disk diffusion method was used on Mueller—Hinton agar to assess antibiotic
susceptibility of isolated bacteria. Bacterial suspensions were standardized to 0.5 McFarland
turbidity, and antibiotics tested included amoxicillin, erythromycin, tetracycline, ciprofloxacin,
metronidazole, and clindamycin. Zones of inhibition were interpreted according to CLSI
guidelines. Only bacterial isolates recovered from the study samples were tested.

Statistical Analysis

All data were entered into SPSS software for statistical analysis. Associations between
categorical variables were analyzed using Chi-square tests, while relationships between
microbial findings and risk factors were analyzed using t-tests and logistic regression. A p-value
< 0.05 was considered statistically significant.

Results

Microbial Recovery

Bacterial growth was observed in 117 out of 120 samples (97.5%), indicating a high prevalence
of oral microbial colonization among both healthy individuals and dental patients. All 60
samples from dental patients exhibited bacterial growth, while three samples from healthy
participants showed sparse or no growth. On average, dental patient samples yielded 5-8
morphologically distinct colony types, whereas healthy individuals produced 2—4 colony types
per plate, indicating a more stable microbial composition in healthy oral environments.
Anaerobic bacteria were predominantly isolated from dental patient samples, particularly from
periodontal pockets, while healthy participants harbored mainly aerobic or facultative anaerobic
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bacteria. The higher colony counts and increased morphological diversity in dental patients
were statistically significant (p < 0.05), suggesting oral microbial dysbiosis in diseased
individuals, consistent with literature reports that disease conditions favor proliferation of
pathogenic bacteria.

Table 1: Microbial Recovery and Colony Diversity

Group Microbial Recovery and Colony Diversity
Number | Samples | Growth | Average | Predominant | Significance
of Showing Rate Colony Oxygen
Samples | Growth (%) Types Requirement
Healthy 60 57 95 2-4 Aerobic /
Facultative
Anaerobic
Dental 60 60 100 5-8 Anaerobic / *
Patients Facultative
Anaerobic
Total 120 117 97.5 — — —
(a) Percentage Microbial Growth (b) Microbial Colony Diversity
Rate *
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Figurel: (a) Comparison of microbial recovery and (b) morphological diversity between
healthy individuals and dental patients, showing a significant increase in colony types in
diseased states

Distribution of Bacterial Species

A clear shift in bacterial composition was observed between healthy individuals and dental
patients (p < 0.001). Healthy participants predominantly harbored Gram-positive commensals
including Streptococcus salivarius, Streptococcus mitis, Streptococcus sanguinis, and Neisseria
spp., representing a stable oral microbiota. In dental patients, cariogenic and periodontal
pathogens were more abundant. Streptococcus mutans was isolated in 70% of samples,
Lactobacillus spp. in 55%, Porphyromonas gingivalis in 40%, Prevotella intermedia in 60%,
and Fusobacterium nucleatum in 50%. This shift reflects a transition from commensal Gram-
positive bacteria to acidogenic, aciduric, and Gram-negative anaerobic pathogens, consistent
with oral disease progression.
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Table 2: Prevalence of Major Oral Bacteria
Bacterial Species Prevalence of Major Oral Bacteria
Healthy (%) Dental Patients (%)
Streptococcus salivarius 60 15
Streptococcus mitis 55 20
Streptococcus mutans 12 70
Lactobacillus spp. 8 55
Porphyromonas 2 40
gingivalis
Prevotella intermedia 3 60
Fusobacterium 7 50
nucleatum

These findings confirm that dental disease is associated with microbial dysbiosis, with
pathogenic species dominating diseased oral environments.

Prevalence of Major Oral Bacteria

Streptococcus salivarius

60
Streptococcus mitis
o
‘o Streptococcus mutans
o [
& L {40
= Lactobacillus spp. 55
=
3
o Porphyromonas gingivalis 40
m
Prevotella intermedia 60
Fusobacterium nucleatum 50

T
Healthy (%) Dental Patients (%)
Groups
Figure 2. Heatmap visualizing the prevalence of major oral bacterial species, highlighting the

distinct "hot spots" of pathogenic colonization in dental patients compared to commensal
dominance in healthy individuals.
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Figure 3: Comparative Prevalence of Oral Bacteria in Healthy vs. Diseased States
Risk Factors Associated with Dental Disease

Behavioral and socioeconomic factors were significantly associated with oral disease (p <
0.05). Poor oral hygiene, high sugar intake, and infrequent dental visits were markedly higher
among dental patients (75%, 68%, and 72%, respectively) compared to healthy individuals.
Lower socioeconomic status (60%) and the presence of systemic conditions such as diabetes
(25%) were also more prevalent among dental patients, highlighting social and biological
determinants contributing to increased susceptibility to oral diseases. These associations
reinforce the multifactorial etiology of oral diseases, linking lifestyle, socioeconomic, and
systemic factors to microbial dysbiosis and disease severity.

Table 3: Distribution of Risk Factors

Risk Factor Distribution of Risk Factors
Dental Patients (%) Healthy (%) Significance
Poor oral hygiene 75 20 otk
High sugar intake 68 18 ook
Infrequent dental visits 72 25 *x
Low socioeconomic status 60 30
Diabetes 25 8
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Figure 4: Comparative Distribution of Risk Factors in Healthy vs. Dental Patient Groups
Antibiotic Resistance Patterns
Antibiotic susceptibility testing revealed higher resistance rates among isolates from dental
patients compared to healthy individuals (p < 0.01), suggesting that diseased oral environments
act as reservoirs for antimicrobial-resistant bacteria.
> Streptococcus mutans exhibited resistance to amoxicillin (40%) and erythromycin
(35%), while remaining sensitive to ciprofloxacin and clindamycin.

> Prevotella spp. and Porphyromonas gingivalis showed significant resistance to
metronidazole (42—48%), commonly used for anaerobic infections.

> Staphylococcus aureus demonstrated multidrug resistance in 55-60% of isolates,
highlighting the potential public health concern.
Isolates from healthy participants showed markedly lower resistance rates, consistent

with their stable, non-pathogenic oral microbiota. These results underscore the need for rational

antibiotic use and regular monitoring of resistance trends in dental practice.

Table 4.4: Antibiotic Resistance Patterns

Antibiotic Resistance Patterns

Bacteria Amoxicillin | Erythromycin | Metronidazole | Ciprofloxacin
(%) (%) (%) (%)
S. mutans 40 ** 35 ** 10 ns 12 ns
Lactobacillus 20 * 25 * Sns 8 ns

Spp-

P. gingivalis 35* 30 * 42 ** 18 ns
Prevotella spp. 42 ** 40 ** 48 ** 25 *
S. aureus 55 xH* 60 *** 20 * 28 *
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Figure 5: Antibiotic Resistance Patterns in Oral Bacteria
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Figure 6: (1) Comparison of bacterial growth on agar plates from healthy individuals and
dental patients (ii) Hemolytic patterns of bacterial isolates on blood agar (iii) Indole test
results of oral bacterial isolates (iv) Black pigment formation by anaerobic periodontal
pathogens.

Discussion

The present study provides a comprehensive evaluation of the oral microbiota of dental patients
visiting the dental unit at DHQ Hospital, Dera Ismail Khan, and apparently healthy individuals,
with emphasis on bacterial isolation, associated risk factors, and antibiotic susceptibility
patterns. The findings strongly support the concept that oral diseases such as dental caries and
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periodontal disease are not caused by a single microorganism but result from microbial
dysbiosis, characterized by increased bacterial load, altered species composition, and enhanced
pathogenic potential (Marsh & Zaura, 2017; Wade, 2013). Dental patient samples exhibited
significantly higher colony counts and greater morphological diversity compared to healthy
individuals, which is consistent with earlier studies reporting increased microbial complexity
under diseased oral conditions (Colombo et al., 2009; Diaz et al., 2017). This observation aligns
with the ecological plaque hypothesis, which proposes that environmental changes within the
oral cavity, such as frequent sugar exposure, lowered pH, and anaerobic pocket formation,
selectively favor pathogenic microorganisms (Marsh, 2017; Fejerskov et al., 2015).

A prominent finding of this study was the shift from a microbiota dominated by Gram-positive
commensal streptococci in healthy individuals to a more heterogeneous and pathogenic
bacterial community in dental patients, particularly enriched with Gram-negative anaerobes.
Healthy participants predominantly harbored Streptococcus salivarius, Streptococcus mitis, and
Streptococcus sanguinis, organisms known to contribute to microbial homeostasis and oral
health stability (Aas et al., 2005; Kilian et al., 2016). Similar dominance of commensal
streptococci in healthy oral cavities has been reported in both regional and international studies
(Wade, 2013; Rosier et al., 2018). In contrast, dental caries patients in the present study showed
a high prevalence of Streptococcus mutans and Lactobacillus spp., which are well-established
cariogenic bacteria due to their acidogenic and aciduric properties (Zhu & Kreth, 2018; Nyvad
& Takahashi, 2020). These findings are consistent with studies conducted in South Asia and
other developing regions, where high sugar consumption and limited preventive dental care
contribute to increased caries burden (Nazir, 2017; Ruan & He, 2020).

Periodontal patients in this study demonstrated a marked presence of anaerobic Gram-negative
rods, including Porphyromonas gingivalis, Prevotella intermedia, and Fusobacterium
nucleatum. These organisms are recognized as key periodontal pathogens due to their ability to
produce proteolytic enzymes, virulence factors, and inflammatory mediators that lead to
periodontal tissue destruction (Socransky & Haffajee, 2005; Darveau, 2010). The detection of
F. nucleatum as a bridging organism supports its role in facilitating microbial succession by
linking early colonizers with late pathogenic species, as previously described by Kolenbrander
et al. (2006). The absence of these anaerobic pathogens in healthy individuals further reinforces
their disease specificity and supports global evidence that periodontal disease is associated with
a distinct anaerobic microbial consortium (Kononen & Wade, 2015; Sanz et al., 2020).
Morphological and biochemical analyses in the present study revealed distinct phenotypic
differences between isolates from healthy and diseased individuals. Healthy isolates
predominantly formed smooth, small, non-pigmented, and non-hemolytic colonies, whereas
dental patient isolates exhibited rough, pigmented, and hemolytic colonies indicative of
increased virulence. The significantly higher occurrence of beta-hemolysis among diseased
isolates suggests enhanced tissue-destructive potential, a finding also reported by Colombo et
al. (2009). Biochemical characterization further confirmed the dominance of acidogenic,
aciduric, and proteolytic bacteria in diseased samples. For example, S. mutans demonstrated
strong carbohydrate fermentation and extracellular polysaccharide production, while P.
gingivalis exhibited black pigment formation and indole production, hallmark features of
periodontal pathogens (Paster et al., 2006; Rajasekaran, 2024). These phenotypic traits
highlight how disease conditions selectively favor bacteria with metabolic properties that
promote caries and periodontal destruction.

Risk factor analysis revealed that dental disease in the studied population was significantly
associated with poor oral hygiene practices, high sugar intake, infrequent dental visits, low
socioeconomic status, and systemic conditions such as diabetes. Participants with poor brushing
habits and frequent sugar consumption showed higher prevalence of cariogenic bacteria,
supporting findings from previous epidemiological studies that link dietary sugars and
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inadequate plaque control with caries development (Sheiham & Watt, 2000; Pitts & Zero,
2019). Low socioeconomic status was associated with increased disease prevalence, likely due
to limited access to dental care and oral health education, a trend widely reported in developing
regions (Schwendicke et al., 2015; Nazir, 2017). Additionally, the association between diabetes
and periodontal disease observed in this study corroborates earlier research demonstrating that
hyperglycemia alters host immune responses and promotes colonization by periodontal
pathogens (Sanz et al., 2020; Chapple & Genco, 2013).

One of the most concerning findings of the study was the high level of antibiotic resistance
among isolates from dental patients. Resistance to commonly prescribed dental antibiotics such
as amoxicillin and erythromycin was observed in S. mutans, P. gingivalis, and Staphylococcus
aureus. Similar resistance trends have been reported in studies from South Asia and other low-
and middle-income countries, where empirical antibiotic prescribing and self-medication are
common practices (Eckert, 2014; Zaheer et al., 2024). The detection of multidrug-resistant S.
aureus is particularly alarming due to its potential to cause systemic infections beyond the oral
cavity (Rice, 2009). These findings emphasize the urgent need for antibiotic stewardship
programs, routine culture-based susceptibility testing, and stricter regulation of antibiotic use
in dental practice, as recommended by CLSI (2020).

Statistical analysis demonstrated significant correlations between microbial findings and
clinical parameters. Cariogenic bacteria were strongly associated with higher DMFT scores,
while periodontal pathogens correlated with probing depth, bleeding on probing, and clinical
attachment loss. These associations confirm that microbiological findings are closely linked to
disease severity and clinical outcomes, rather than being incidental (Fejerskov et al., 2015; Sanz
et al., 2020). Antibiotic resistance was more pronounced in isolates from chronic infections,
suggesting that prolonged disease states exert selective pressure favoring resistant strains, as
previously described by Diaz et al. (2017).

Overall, the findings of this study are consistent with both regional and global literature on oral
microbial dysbiosis, risk factors, and antimicrobial resistance. However, this study contributes
novel baseline data for Dera Ismail Khan, a region with limited published information on oral
microbiology. The integration of cultural, microscopic, biochemical, molecular, and antibiotic
susceptibility methods strengthens the validity of the findings. Despite limitations such as
partial molecular identification and a restricted antibiotic panel, the study provides valuable
insights into the microbial ecology of oral diseases and highlights the importance of localized
oral health strategies. Collectively, these results reinforce the concept that oral diseases are
complex, multifactorial conditions driven by interactions between microbial, behavioral, and
socioeconomic factors, underscoring the need for evidence-based preventive and therapeutic
approaches.

Conclusion

The present study provides comprehensive insight into the oral microbial ecology of dental
patients at DHQ Hospital, Dera Ismail Khan, compared with healthy individuals. Healthy
individuals harbored a stable microbial community dominated by commensal bacteria such as
Streptococcus salivarius and Streptococcus mitis, while dental patients exhibited a pronounced
shift toward pathogenic species including Streptococcus mutans, Lactobacillus spp.,
Porphyromonas gingivalis, Prevotella intermedia, and Fusobacterium nucleatum, confirming
that dental caries and periodontal diseases result from microbial dysbiosis. Risk factor analysis
showed that poor oral hygiene, high sugar consumption, infrequent dental visits, low
socioeconomic status, and systemic conditions such as diabetes were strongly associated with
dental diseases. Antibiotic susceptibility testing revealed alarming resistance to commonly
prescribed antibiotics including amoxicillin, erythromycin, and metronidazole, with multidrug-
resistant organisms raising significant public health concerns. Overall, this research provides
valuable baseline data on oral bacterial profiles, risk factors, and antibiotic resistance patterns
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in a region with limited published data, emphasizing the need for integrating microbiological
assessment, risk factor evaluation, and antibiotic stewardship into oral health management
programs. Future studies should incorporate advanced molecular techniques such as 16S rRNA
sequencing and metagenomics, expand sample size to include diverse populations, establish
local antimicrobial resistance surveillance programs, promote rational antibiotic use through
educational initiatives, and investigate alternative therapies including probiotics and herbal
products for managing oral infections.
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