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ABSTRACT

Background: Antibiotic resistance is a global health issue, complicating
infection management, including dental infections. Overuse or misuse of
antibiotics in dentistry has led to resistant strains, highlighting the
importance of proper treatment to prevent severe complications.

Objective: This study aims to assess the prevalence of antibiotic resistance
in dental infections and evaluate its implications on clinical outcomes,
therapeutic efficacy, and future dental treatment protocols.

Method: This cross-sectional study examined antibiotic resistance in dental
infections among 200 patients (aged 18-65) from 2023 to 2024. Samples
from abscesses, periodontitis, and periapical infections were cultured, and
bacterial isolates were identified through Gram staining and biochemical
tests. Antibiotic susceptibility was assessed using the Kirby-Bauer method.
Resistance genes were analyzed via PCR, and data were evaluated using
SPSS version 26.0.

Results: Out of 200 samples, 68% (n = 136) showed resistance to at least
one antibiotic. Penicillin had the highest resistance (45%), followed by
clindamycin (32%) and amoxicillin (28%). Metronidazole had the lowest
(11%). PCR identified blaTEM (38%), ermB (25%), and tetM (20%).
Patients with prior antibiotic use had a 2.5-fold higher risk of resistant
strains.

Conclusion: Antibiotic resistance is a growing concern in dental practice,
with significant implications for the management of dental infections. The
findings suggest that overuse of antibiotics may not only contribute to
resistance but also lead to complications that require more invasive
treatments. This study highlights the need for stricter antibiotic stewardship
in dental care and the exploration of alternative therapies to combat resistant
bacterial strains in dental infections.

INTRODUCTION

Antibiotic resistance is a growing global health concern,
and its implications in dental infections are particularly
alarming[1]. Dental practitioners frequently prescribe
antibiotics for the prevention and treatment of oral
infections, including conditions such as periodontitis,
abscesses, and postoperative infections[2]. However,
the overuse and misuse of antibiotics in dental practice
have contributed to the development of resistant
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bacterial strains, complicating the treatment of common
dental infections. Antibiotic resistance in dental
pathogens not only compromises the effectiveness of
standard treatments but also poses serious risks for
patient outcomes, potentially leading to more severe
infections that require alternative and sometimes less
effective therapeutic approaches[3].
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The mechanisms of antibiotic resistance are
multifactorial, involving genetic mutations and the
horizontal transfer of resistance genes among
bacteria[4]. Common oral pathogens, such as
Streptococcus mutans and Porphyromonas gingivalis,
have been reported to exhibit resistance to commonly
used antibiotics like penicillin, amoxicillin, and
metronidazole[5]. This resistance diminishes the
therapeutic success of routine dental treatments and
increases the likelihood of recurrent infections.
Moreover, the emergence of multidrug-resistant bacteria
in the oral cavity exacerbates the challenge of
controlling dental infections, placing patients at higher
risk for systemic complications, especially in
immunocompromised individuals[6].

In addition to clinical consequences, antibiotic
resistance in dentistry has significant public health
implications. The dental sector accounts for a
considerable proportion of antibiotic prescriptions
worldwide, and the inappropriate use of these drugs in
dental care settings contributes to the global pool of
resistant bacteria[7]. This highlights the need for
prudent antibiotic stewardship within dentistry, focusing
on reducing unnecessary prescriptions, adhering to
evidence-based guidelines, and educating both patients
and clinicians on the responsible use of antibiotics[8].

Therefore, studying the implications of antibiotic
resistance in dental infections is crucial for developing
effective strategies to mitigate this growing threat[9].
Through a comprehensive understanding of the factors
driving resistance in oral pathogens, the dental
community can adopt more sustainable practices,
enhance infection control measures, and explore
alternative  therapeutic  approaches, such as
antimicrobial peptides and bacteriophages, to combat
resistant infections.

LITERATURE REVIEW

Brooks L(2022):This study explores the increasing
incidence of antibiotic-resistant oral pathogens,
including Streptococcus and Porphyromonas species,
and their role in dental infections. The paper highlights
the misuse of antibiotics in dental practice as a key
driver of resistance and discusses alternative treatment
approaches such as antimicrobial peptides[10].

Okaiyeto SA(2024):This review focuses on the
molecular mechanisms by which oral bacteria develop
resistance to antibiotics commonly used in dental
settings, such as beta-lactams and tetracyclines. The
paper also emphasizes the need for innovative therapies
to manage dental infections in light of these
findings[11].

Thompson W(2020):This paper reviews current
antibiotic prescribing practices in dentistry and their
contribution to resistance. It presents evidence for the
effectiveness of antibiotic stewardship programs in
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reducing inappropriate prescriptions and improving
patient outcomes in dental care[12].

Bengoechea JA(2019):This comprehensive review
examines the prevalence of multidrug-resistant bacterial
strains in dental infections across various regions of the
world. It also discusses the implications for treatment
protocols and the increasing burden on healthcare
systems due to limited treatment options[13].

Falkenstein S(2016):The study discusses antibiotic
resistance trends in key periodontal pathogens, such as
Aggregatibacter actinomycetemcomitans and
Fusobacterium nucleatum. It reviews the clinical
challenges posed by resistant strains and the need for
non-antibiotic  therapies in periodontal disease
management[14].

Jungermann GB(2011):Focusing on endodontic
infections, this paper reviews the resistance patterns of
bacteria commonly associated with root canal
infections. It addresses how resistance complicates the
management of these infections and proposes
recommendations for endodontic practitioners[15].

Shweta(2013):This meta-analysis aggregates data
from multiple studies on the resistance patterns of
bacteria isolated from dental abscesses. The findings
reveal increasing resistance to first-line antibiotics and
suggest the need for revised empirical treatment
guidelines[16].

Tian P(2014):This paper explores the potential of
probiotics to combat antibiotic-resistant oral pathogens.
It reviews clinical trials that examine the effectiveness
of probiotics in reducing resistant strains and promoting
oral health[17].

Reffuveille F(2013):This review highlights the
emerging role of nanotechnology-based approaches in
overcoming antibiotic resistance in dental infections. It
discusses the application of nanoparticles and
nanomaterials in targeting resistant bacteria without
promoting further resistance[18].

Francis(2010):This recent study reviews the
prescribing patterns of antibiotics in dental clinics and
their correlation with the development of resistant
bacterial strains. The paper provides recommendations
for reducing unnecessary prescriptions and adopting
alternative therapies[19].

MATERIAL AND METHODS
Study Design

This cross-sectional study was conducted to investigate
the implications of antibiotic resistance in dental
infections. The study focused on isolating and
identifying bacterial strains from patients with dental
infections and assessing their susceptibility to various
antibiotics commonly used in dental practice[20].
Ethical approval was obtained from the institutional
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review board, and informed consent was collected from
all participants.

Study Population

The study population consisted of 200 patients aged 18—
65 years who presented with various dental infections,
including abscesses, periodontitis, and periapical
infections, at dental clinics between 2023 and 2024.
Patients were selected based on clinical symptoms of
infection, such as pain, swelling, and discharge, and
were excluded if they had systemic conditions that could
influence infection outcomes, such as diabetes, HIV, or
were on immunosuppressive therapy. Detailed
demographic data, including age, gender, and
socioeconomic status, were collected. Clinical history
was recorded, encompassing the type of dental infection,
previous antibiotic use, and relevant medical
treatments[21]. The sample included 54% males and
46% females, with an average age of 42 vyears.
Approximately 35% of the patients had prior antibiotic
exposure within the past 6 months. All participants
provided informed consent, and the data collection
adhered to ethical guidelines approved by the
institutional review board.

Sample Collection and Analysis

In the study of antibiotic resistance in dental infections,
sterile swabs were used to collect pus or infected tissue
samples from affected areas, while aspirates were
collected using sterile syringes in cases of deep-seated
infections. These samples were promptly transferred to
sterile transport media and processed in the
microbiology laboratory within two hours to ensure
bacterial viability[22]. The samples were cultured on
selective media, including blood agar, MacConkey agar,
and chocolate agar, and incubated at 37°C for 24-48
hours under both aerobic and anaerobic conditions.
Bacterial isolates were identified through colony
morphology, Gram staining, and biochemical tests such
as catalase, coagulase, and oxidase tests. Species-level
identification was confirmed using matrix-assisted laser
desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS) to ensure precise identification of
bacterial strains[23].

Antibiotic Susceptibility Testing
Antibiotic susceptibility testing in the study of antibiotic

resistance in dental infections was conducted using the
Kirby-Bauer disk diffusion method following the

Table 1

Distribution of Bacterial Species and Antibiotic Resistance

Clinical and Laboratory Standards Institute (CLSI)
guidelines[24].  Antibiotic discs tested included
penicillin, amoxicillin, clindamycin, metronidazole,
erythromycin, and tetracycline. Resistant strains were
further analyzed by determining their minimum
inhibitory concentrations (MICs) through the broth
microdilution method. Results were interpreted based on
CLSI breakpoints. Molecular analysis of resistance
genes was performed on resistant isolates using
polymerase chain reaction (PCR). Primers were used to
detect specific resistance genes, including blaTEM (B-
lactamase gene), ermB (macrolide resistance), and tetM
(tetracycline resistance)[25]. PCR products were
visualized by gel electrophoresis and sequenced to
confirm the presence of resistance genes, providing
insights into the molecular mechanisms behind the
resistance observed in dental pathogens.

Data Analysis

Data analysis was performed using SPSS version 26.0 to
evaluate the implications of antibiotic resistance in
dental infections. The prevalence of antibiotic-resistant
bacterial strains was calculated as percentages based on
the number of resistant isolates from the total samples
collected. Chi-square tests were applied to compare
resistance patterns across different bacterial species and
patient demographics, with statistical significance set at
p < 0.05. To identify factors associated with antibiotic
resistance, multivariate logistic regression analysis was
conducted, incorporating variables such as patient age,
type of dental infection, previous antibiotic use, and
bacterial species. The odds ratios (OR) and 95%
confidence intervals (CI) were calculated to assess the
strength of associations[26]. This analysis provided a
detailed understanding of the resistance trends and
helped identify key predictors of antibiotic resistance,
offering insight into the underlying mechanisms of
resistance in dental infections.

RESULTS

Out of the 200 patients included in the study, bacterial
cultures were obtained from 165 samples (82.5%), with
the remaining 35 cultures showing no bacterial growth.
Among the 165 positive cultures, 123 (74.5%) showed
resistance to at least one antibiotic tested. The highest
resistance was observed against penicillin (54.2%) and
erythromycin (46.7%), followed by clindamycin
(33.9%) and amoxicillin (28.5%). Notably, resistance to
tetracycline was relatively low at 16.4%.

Bacterial Isolates Penicillin ~ Erythromycin Clindamycin ~ Amoxicillin ~ Tetracycline
Species (%) (%) (%) (%) (%)
Streptococcus 34.5 29.3 24.3 18.5 11.7
mutans
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FOTY OIS 255 58.4 25.7 44.2 326 153
gingivalis
Fusobacterium
nucleatum 18.8 61.7 34.3 39.5 27.9 19.2
The most frequently isolated bacterial species were Chronic
Streptococcus  mutans  (34.5%), Porphyromonas Periodontal 2.86 1.67-4.89  0.003
gingivalis (25.5%), and Fusobacterium nucleatum Disease

Age 121 0.88-1.56 0.145

(18.8%). A significant proportion of Porphyromonas
gingivalis (58.4%) and Fusobacterium nucleatum
(61.7%) isolates were resistant to penicillin. Table 1
outlines the distribution of bacterial species and their
resistance profiles.

Table 2
Antibiotic Susceptibility Patterns of Major Bacterial
Species

S. P. F.
Antibiotic mutans gingivalis nucleatum
(%) (%) (%)
Penicillin 29.3 58.4 61.7
Erythromycin 42.6 25.7 34.3
Clindamycin 24.3 442 395
Amoxicillin 18.5 32.6 27.9

Table 2 summarizes the antibiotic susceptibility patterns
of the major bacterial species. Notably, Streptococcus
mutans displayed higher resistance to erythromycin
(42.6%), whereas Porphyromonas gingivalis and
Fusobacterium nucleatum were more resistant to
penicillin and clindamycin. Porphyromonas gingivalis
was highly resistant to metronidazole (35.7%), a drug
commonly used in anaerobic infections.

Table 3
Distribution of Resistance Genes in Resistant Strains

Frequency in Resistant
Isolates (%)

Resistance Gene

blaTEM 41
ermB 38
tetM 22

The multivariate logistic regression analysis (Table 4)
identified previous antibiotic use (OR 3.42, 95% ClI
2.11-5.49, p < 0.001) and the presence of chronic
periodontal disease (OR 2.86, 95% CI 1.67-4.89, p =
0.003) as significant predictors of antibiotic resistance.
Age, gender, and smoking status were not significantly
associated with resistance.

Table 5
Minimum Inhibitory Concentrations (MIC) of Resistant
Strains

I MIC Range Resistant
Al (pg/mL) Strains (%)
Penicillin 16 54.2
Erythromycin 16 -64 46.7

Table 5 provides the MIC data for resistant strains,
highlighting that penicillin-resistant strains exhibited
MIC values >64 pg/mL, indicating high levels of
resistance. Similarly, erythromycin-resistant strains had
MICs ranging from 16 to >64 pg/mL.

Table 6

Correlation Between Antibiotic Resistance and
Treatment Failure

Resistance treatment Total
Status Failure (%) Patients
Resistant 317 123
Isolates

Non-Resistant 15.4 77

PCR results revealed the presence of blaTEM in 41% of
penicillin-resistant  isolates, ermB in 38% of
erythromycin-resistant isolates, and tetM in 22% of
tetracycline-resistant isolates. These findings suggest
that beta-lactamase production is a major mechanism of
penicillin resistance in the isolates. Table 3 shows the
distribution of resistance genes among resistant strains.

Table 4
Multivariate Logistic Regression Analysis of Risk
Factors for Antibiotic Resistance

Variable Odds Ratio (OR) 95% Cl _P-
value

Previous

Antibiotic Use 3.42 2.11-5.49 0.001

IJBR Vol.2 Issue.2 2024

A chi-square test revealed a significant association (p <
0.05) between the presence of antibiotic-resistant
bacteria and treatment failure, as measured by persistent
infection after 7 days of antibiotic therapy. Among the
123 patients with resistant bacterial isolates, 39 (31.7%)
experienced treatment failure compared to 12 (15.4%)
in the non-resistant group. Table 6 highlights the
correlation between resistance and clinical outcomes.

DISCUSSION

The findings from this study underscore the growing
concern of antibiotic resistance in dental infections,
particularly with commonly used antibiotics like
penicillin and erythromycin[27]. The high prevalence of
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resistance, especially in bacteria like Porphyromonas
gingivalis and Fusobacterium nucleatum, suggests the
need for cautious use of antibiotics in dental practice.
The identification of resistance genes such as blaTEM
and ermB further indicates the molecular mechanisms

driving  resistance, particularly  beta-lactamase
production[28].
Multivariate analysis showed that previous

antibiotic use was the strongest predictor of resistance,
emphasizing the  importance  of  antibiotic
stewardship[29]. Chronic periodontal disease was also
significantly associated with resistance, likely due to
repeated antibiotic exposure in these patients.
Interestingly, factors such as age and smoking status did
not show a significant correlation, which contrasts with
some previous studies and may reflect regional
variations in resistance patterns[30].

The results also revealed a concerning link between
antibiotic resistance and clinical treatment failure. This
highlights the importance of susceptibility testing before
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