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Abstract

Background: The presence of antimicrobial resistance in oral pathogens is a significant problem
in dentistry, as antibiotics are commonly used to treat oral infections. The emergence of resistant
bacteria related to dental caries, periodontal disease, and other oral conditions are related to
inappropriate prescribing practices. A correct diagnosis and knowledge of antimicrobial
susceptibility are crucial for proper treatment and stewardship.

Methods: Cross-sectional study of a laboratory sample of 112 oral specimens taken from subjects
with plaque deposits and dental caries. Blood agar, MacConkey and chocolate agars were used for
the culture of samples under suitable conditions. For preliminary classification Gram staining was
done. The susceptibility of the antimicrobial agents was tested by the Kirby—Bauer disk diffusion
method, and the identification of bacterial species and determination of the minimum inhibitory
concentration (MIC) was done by VITEK 2 Compact automated system.

Results: The 112 specimens, 91 (81.3%) grew bacteria with 43 (47.3%) being Gram-positive and
48 (52.7%) Gram-negative bacteria. Resistance to a number of routinely used antibiotics was found
to be high. The pathogens identified were Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola, Prevotella spp., Fusobacterium nucleatum, Streptococcus mutans,
Staphylococcus aureus and Actinomyces spp. MIC analysis revealed that imipenem and
meropenem had the highest antimicrobial activity. Clindamycin was found to be effective against
multiple Gram-positive isolates, and ciprofloxacin was moderately active against Gram-negative
bacteria.

Conclusion: There was high level of resistance of oral pathogens against the antibiotics which
were commonly used. In the context of dental practice, the optimal treatment of the infection and
to promote antimicrobial stewardship, routine identification of the microorganisms and appropriate
antimicrobial treatment, based on their MIC, are recommended.
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1. Introduction

The advent of antibiotics transformed how bacterial diseases including those of an oral nature
could be treated. Nevertheless, the empirical prescription and improper utilization of antimicrobial
agents in the field of dentistry have largely been a contributory factor to the formation and spread of
antimicrobial resistance (AMR) (Ramirez-Puebla et al., 2024). A significant percentage of outpatient
antibiotic prescriptions is attributed to dentists, and research shows that a significant percentage of
such prescriptions can be unnecessary or an inappropriate dosage and duration of treatment (Finn et
al., 2021). This tendency of abuse has contributed to the emergence of resistant Gram-positive and
Gram-negative pathogens in the oral cavity making the treatment effect more difficult and restricting
the efficacy of first-line antibiotics (Anderson et al., 2023). To counter this increasing menace, it is
now necessary to have rational antibiotic stewardship in dental practice. Prescribing evidence-based
practice involves proper microbiological diagnosis which involves identification of bacteria and
antimicrobial susceptibility testing (Bessa et al., 2022). Upon the integration of modern automated
diagnostic systems with the establishment of minimum inhibitory concentration (MIC)
values(Kaprou et al., 2021), specific characterization of pathogens is achieved and clinicians can
individualize antibiotic treatment based on the profiles of resistance (Kadetabkova et al., 2024; Kiros
et al., 2022). Laboratory-directed approaches are able to enhance clinical outcomes as well as
maintain the efficacy of currently available antimicrobial agents (Tsavea et al., 2022). Thus, the
current research will determine the most common types of bacteria related to oral infections and
assess their antimicrobial susceptibility profiles including the distribution of the MIC(Farva et al.,
2023; Kowalska-Krochmal & Dudek-Wicher, 2021). This study will help to add to the evidence-
based framework of optimizing clinical decision-making and consolidating antimicrobial stewardship
in modern dental care by producing local resistance data and evaluating the efficacy of antibiotics.

2. Materials and Methods
2.1. Sample Collection

In the present cross-sectional study, which is based on collaboration with Karbala University
Clinics, oral samples of 112 patients (72 males and 40 females), were gathered based on their
presentation with dental caries and plaque. These samples were collected with sterile swabs and
placed in transport media that would not destroy the bacteria during transportation to the
microbiology laboratory (Strathdee et al., 2023). The specimens were given codes and demographic
and clinical data were annotated and further processed.

2.2. Bacterial Isolation

After receiving, the specimens were cultured on blood agar, MacConkey agar and chocolate
agar to maximise the coverage of the various oral microbiota (Anderson et al., 2023). Enriched agar
was selected as blood agar to provide the ability to grow fastidious microorganisms and also provide
the opportunity to evaluate hemolytic activity (Bessa et al., 2022). MacConkey agar was used was
because it is selective against Gram-negative bacteria and because it is also discriminatory to isolate
lactose fermenters. Chocolate agar was used to cultivate specific anaerobic or microaerophilic
bacteria in the condition of lowered-oxygen conditions (Casino et al., 2023). The plates inoculated
were grown at 35-37 °C over a period of 18 to 24 hours. Primary taxonomic placement was done
through the systematic recording of morphology, pigmentation, and hemolytic features of the colonies
(Khelaifia et al., 2023).
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2.3. Gram Staining

Gram staining was used to isolate species of bacteria by single colony as a means of isolating
them based on cell wall properties. To identify the Gram reaction and morphology of the cell, a
microscopic analysis of the slide was done using the oil immersion technique (Khelaifia et al., 2023).

2.4. Antimicrobial activity

One hundred and twelve bacterial isolates were collected on patient specimens, and then the
antimicrobial susceptibility was tested through the Kirby-Bauer disk diffusion on a Mueller-Hinton
agar at 37°C (Mishyna et al., 2018). The suspensions of bacteria were brought to 0.5 McFarland,
placed on agar, and disks that were relevant to Gram-positive and Gram-negative bacteria were added.
Measurement and interpretation of inhibition zones were done after 18-24 hours of incubation based
on standard guidelines (Gabr et al., 2022).

2.5. Bacterial Identification and Minimum Inhibitory Concentrations (MIC)

The antimicrobial susceptibility testing and the definite bacterial identification was conducted
through automated VITEK 2 Compact system (bioMerieux) (Djais et al., 2019). The bacterial
suspensions were prepared in pure colonies that had been prepared in sterile saline and were
standardized to the desired level of turbidity (Cieplik et al., 2019). These suspensions were added to
identification (ID) and antimicrobial susceptibility testing (AST) cards with biochemical
substrates/antibiotic dilutions (Mohammad et al., 2023). The cards were automatically integrated in
the system that monitored the metabolism and developmental pattern of the organisms to identify the
organisms and the minimum inhibitory concentrations (MICs) (Ghavami et al., 2025). The results
were interpreted according to the set standards of clinical laboratory, therefore classifying the isolates
as susceptible, intermediate and resistant.

2.6. Data Analysis

Findings of the microbial identifications and the profiles of antibiotic resistance were recorded
and examined in a descriptive manner. A good antibiotic has been chosen according to MIC values,
resistance patterns, potential adverse effects and cost-effectiveness and the object was to arrive at an
appropriate therapeutic substitute to Gram-positive and Gram-negative isolates (Aragjo et al., 2023).

3. Result
3.1. Culture Media

After culturing the specimens on the respective media, 36 of them posted growth on the
MacConkey agar, 42 on the blood agar and 13 on chocolate agar. The cultivating conditions found no
growth in 21 specimens (Figure 1). Regarding the demographic distribution of the samples, among
females, 14 samples contained Gram-positive bacteria, 18 samples contained Gram-negative bacteria
and 8 showed no growth. For males, 29 specimens gave Gram positive bacteria, 30 gave Gram
negative bacteria and 13 showed no growth (Figure 2).

3.2. Bacterial Morphology

Gram staining was used on samples that showed growth on culture media. The analysis
revealed that 43 isolates were Gram-positive and the remaining 48 isolates were Gram-negative. Out
of the Gram-positive isolates, 22 were coccobacilli, and the rest were bacilli (rod-shaped).
Conversely, in Gram-negative isolates, 19 of them exhibited bacillary morphology as compared to
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the rest, which exhibited cocci morphology. Also, there are a few bacteria with unusual morphologies.
Figure 2 represents these morphological features.
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Figure 1. Number of bacterial in different media.
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Figure 2. The demographic distribution of the samples, among females and males.
3.3. Antimicrobial activity

The antimicrobial susceptibility test showed the presence of significant patterns of resistance
across the isolates. There were 23 Gram-positive isolates that were resistant to one of them, penicillin,
vancomycin and ampicillin, and 19 Gram-negative isolates were resistant to one of them,
ciprofloxacin and clindamycin (Figure 3). These results demonstrate that there is a variation in
antimicrobial response and that there exist resistant bacterial populations in the recovered samples.
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Figure 3. Patterns of antimicrobial resistance of Gram-positive and Gram-negative bacterial
isolates.

3.4. Bacterial Identification and MIC

Twenty-one samples were also found to be normal oral flora constituent members, including
Capnocytophaga gingivalis, Streptococcus mitis, Streptococcus oralis, and Rothia dentocariosa.
Those with no resistance to antibiotics were 49 in number by way of antimicrobial susceptibility
testing. Forty-two resistant isolates of bacteria were identified using the VITEK2 Compact system
(BioMerieux). The pathogenic Gram-negative bacterial group comprised of twenty-two samples,
Porphyromonas gingivalis (six samples), Tannerella forsythia (four samples), Treponema denticola
(3 samples), Serratia marcescens (three samples), Prevotella spp. (two samples), Citrobacter koseri
(two samples) and Fusobacterium nucleatum (two samples) as shown in Table 1. The Gram-positive
pathogenic bacterial group consisted of twenty samples and among them there were: Streptococcus
mutans (seven samples), Staphylococcus aureus (four samples), Streptococcus anginosus (four

samples), Lactobacillus salivarius (three samples), and Actinomyces spp. (two samples) as shown in
Table 2.

Table 1. Minimum Inhibitory Concentrations (MIC) for pathogenic Gram-negative bacterial group.

Antibiotic Minimum Inhibitory Concentrations (MIC) pg/mL

P T T S. Prevotella C. F

gingivalis  forsythia  denticol — marcescens spp. koseri nucleatum

a

Amoxicillin 0.5 I R R I R 0.5
Penicillin R R R R I R I
Erythromycin R R R R R R R
Clindamycin 0.5 0.5 0.5 R I R 0.5
Imipenem 0.125 0.125 0.125 0.5 0.125 0.125 0.125
Azithromycin 1 1 1 R 2 R 1
Metronidazole 0.5 0.5 0.5 R 0.5 R 0.25
Doxycycline I I I 1 R 1 I
Tetracycline R R I 1 I 1 I
Ciprofloxacin 0.5 0.5 0.5 0.5 I 0.25 R
Gentamicin R R R I R 1 R
TMP-SMX R R R 0.5/9.5 R 0.5/9.5 R
Meropenem 0.125 0.125 0.125 0.25 0.125 0.25 0.125
Cefepime R R R 1 R 0.5 R

Table 2. Minimum Inhibitory Concentrations (MIC) for pathogenic Gram-positive bacterial group.

Antibiotic Minimum Inhibitory Concentrations (MIC) pg/mL

S. mutans S. aureus S.anginosus L. salivarius  Actinomyces spp

Penicillin 0.12 R I 0.25 I

Amoxicillin ~ 0.25 R 0.25 I 0.25

Oxacillin - 0.5 - - -

Cefoxitin - - - - -

Erythromycin R R R 1 I

Clindamycin  0.25 0.25 0.25 0.5 0.5
Azithromycin | R I 1 I

Vancomycin | R 1 R R

Linezolid 1 1 1 1 1
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Antibiotic Minimum Inhibitory Concentrations (MIC) pg/mL

S. mutans S. aureus S.anginosus L. salivarius  Actinomyces spp
Doxycycline 1 0.5 I I I
Tetracycline I 0.5 I I I
Gentamicin R 1 R R R
Imipenem 0.06 0.5 0.06 0.125 0.06
Meropenem  0.06 0.25 0.06 0.125 0.06

4. Discussion

The current paper indicates the increasing difficulty of antimicrobial resistance of oral
pathogenic bacteria and leads to the centrality of evidence-based antibiotic choice in dental infections.
In this analysis, 112 patients (72 males and 40 females), were used and this study results yielded 43
Gram-positive and 48 Gram-negative, as well as no growth in 21 cases of caries. Result of the research
was that there is a high level of antimicrobial resistance in the widely used antibiotics. The resistance
to penicillin, ampicillin and gentamicin in Gram-negative isolates and Erythromycin and Gentamicin
against Gram-positive isolates was developed, which shows the scary tendency of resistance to the
first-line agents. This observation is in line with the reports in the world, which claim that the
indiscriminate use of antibiotics in dentistry has increased the formation of resistance (Haque et al.,
2019; Nizami et al., 2025). The MIC data also showed that carbapenems particularly imipenem and
meropenem provided the best picture of antimicrobial activity since they act on both Gram-positive
and Gram-negative pathogens. This is explicable by the fact that they are resistant to beta-lactamases,
and have the ability of inhibiting cell wall synthesis in bacteria (Nizami et al., 2025). Ciprofloxacin
proved to be average to perform particularly in certain Gram-negative isolates such as Serratia
marcescens and Citrobacter koseri. This implies that it may be used as a cheap substitute in mild and
moderate infections (Shariati et al., 2022). On the same note, Clindamycin was activity against Gram-
positive pathogens. The paper advocates the transition of rational antibiotic stewardship in dental
practice to prevent the further development of resistance without losing its therapeutic impact.

5. Conclusion

Clarified in this investigation, oral infections have a collection of gram-positive and gram-
negative species of bacteria. The information has shown disastrous levels of resistance to the most
commonly used antibiotics in clinical practice, especially penicillin, ampicillin. Carbapenems,
particularly imipenem and meropenem, had better antibacterial efficacy against most isolates. Whilst
these agents are seen to have a strong level of efficacy, they should solely be used in clinical practice
on severe or recalcitrant infections to help curb the rapid development of antimicrobial resistance.
Clindamycin and ciprofloxacin had moderate activity against some of the pathogens and can therefore
be used as a cost-effective substitute for the milder infections, depending on the findings of
susceptibility testing. Overall, the results emphasize a desperate need to use antibiotics with restraint
in the field of dentistry. Systematic microbiological-profiling and antimicrobial susceptibility testing
should guide the administration of antimicrobials to ensure the achievement of optimal clinical
results, as well as to contain the development of resistant bacterial phenotypes. Evidence-based
antibiotic stewardship use will be critical in improving the infection management and protection of
the performance of remaining antimicrobial agents in oral dental practice.
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