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 The present survey was aimed to assess the distribution and antimicrobial 

resistance of bacterial strains isolated from dental plaque samples. Three-

hundred individuals were selected for this survey. Individuals with dental 

plaques were included, and those who had received antimicrobial options 

or antibacterial mouthwashes were excluded. One-hundred and eighty 

individuals had the inclusion conditions. All swabs were cultured and then 

assessed by biochemical tests. Antimicrobial resistance was determined 

using disk diffusion. The mean age of the individuals was 53.9 years, with 

a male to female ratio of 115/65. The most commonly isolated bacteria were 

alpha-hemolytic Streptococcus (88.88%), Eenterobacter cloacea 

(33.33%), and Staphylococcus aureus (19.44%). Distribution of 

Helicobacter pylori (7.77%), Eescherichia coli (5.55%), and Pseudomonas 

aeruginosa (3.33%) were lower than other isolated bacteria. Resistance 

rages of bacteria were recorded between 14.28% to 91.87%. the highest 

resistance rate was found toward tetracycline, ampicillin, penicillin, 

gentamicin, and amoxicillin. Streptococcus isolates harbored the highest 

resistance rate toward tetracycline (91.87%), penicillin (88.75%), 

ampicillin (87.50%), amoxicillin (84.37%), and gentamicin (63.75%). E. 

cloacea isolates harbored the highest resistance rate against tetracycline 

(83.33%), penicillin (63.33%), ampicillin (58.33%), amoxicillin (50%), 

and rifampin (45%). S. aureus isolates harbored the highest resistance rate 

toward ampicillin (91.42%), tetracycline (85.71%), eruthromicin (85.71%), 

penicillin (85.71%), amoxicillin (85.71%), and rifampin (80%). Dental 

plaque role as bacterial reservoirs was determined. Vancomycin, linezolid, 

metronidazole, clarithromycin, and rifampin prescription may be useful 

therapeutic options for eradication of bacteria in dental plaque samples. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The human body comprises 1014 commensal microbes [1]. They mainly exist in the teeth surfaces as a normal 

flora or resistant biofilm. In this regard, dental plaque is considered host-associated biofilm. Around six 
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billion microbes representing 300-500 exist in the oral cavity [2]. Dental plaque biofilms deliver a resistant 

environment for bacteria owing to their steady structures being exclusively accreted to non-shedding surfaces. 

Bacterial biofilms display augmented tolerance to antibiotics and antiseptics mouthwash, resist phagocytosis, 

and host defense, which can eventually cause chronic infections [3]. Dental plaque’s microorganisms may 

cause marginal periodontitis, gingivitis, and dental carries and may be the sources of infections for the 

gastrointestinal tract [4]. Streptococcus spp., Enterobacter cloacea, Staphylococcus aureus, Klebsiella 

pneumonia, Helicobacter pylori, Escherichia coli, and Pseudomonas aeruginosa are the most important and 

frequent bacterial species isolated from the oral cavity and dental plaque samples, globally [5- 7]. 

 

Streptococcus spp. were originally classified rendering hemolysis patterns on blood agar media into α-

hemolysis (partial lysis, known as Viridans streptococci), β-hemolysis (complete lysis), and γ-hemolysis 

(non-hemolytic) [8]. Alpha-hemolytic Streptococcuses are part of a normal oral flora. They constitute nearly 

50% of the flora of the saliva and tongue and virtually 30% of flora in dental plaque and gingival crevices 

[9]. α-hemolytic Streptococcuses are involved in intial and mature dental plaques and dental carries [10]. E. 

cloacae can cause wound, respiratory and urinary tract infections (RTIs and UTIs, respectively), menengitis, 

bacteremia and in some cases found in the oral cavity [11], [12]. S. aureus is considered as nosocomial 

pathogen, originated from the upper respiratory tract and skin, responsible for several kinds of infections, 

such as soft tissue, burn, wound, UTIs, RTIs, menegitis, foodborne diseases, and dental biofilms [13- 15]. It 

is important pathogen causing infections associated with dental caries (tooth-decay) and other medical 

implants [16]. K. pneumoniae is a rare cause of community-acquired pneumonia but accounts for a higher 

proportion of pneumonia acquired in hospital, lives in the respiratory tract and may develop to the oral cavity 

and cause dental plaque [17]. H. pylori is a microaerophilic and Gram-negative spiral coccoid bacterium 

known as a causative agent for gastric adenocarcinoma, peptic ulcer disease, duodenal ulcer, type B gastritis, 

and B-cell lymphoma [18], [19]. The area around the dental plaque has a low oxidation potential promoting 

the growth of facultative anaerobes like H. pylori [20]. E. coli also responsible for severe infections, 

gastrointesntinal disorders, foodborne diseases, and bacteremia [21]. E. coli isolation from oral cavity may 

show that the occuernce of fecal–oral contamination [22]. P. aeruginosa can be identified in a range of 

infections, particularly burn and wound infections, as lung infection, and RTIs [23]. P. 

aeruginosa distribution among patients with periodontal diseases may vary. P. aeruginosa has also been 

associated with treatment failure in patients with refractory periodontitis [24]. 

 

Several antimicrobial choices are available for the infections of the oral cavitiy. However, bacterial isolates 

of the dental plaque samples harbored severe resistance toward commonly used antimicrobial agents, 

particularly aminogylocides, tetracyclines, penicillins, cephalosporins, and quinolones [25], [26]. Thus, 

studying the profile and pattern of antibiotic resistance amongst bacterial isolates of dental plaques as novel 

reservoirs of bacteria seems essential. 

 

According to the high importance of bacteria and the absence of epidemiological surveys in this field, the 

present research was performed to assess the prevalence and antimicrobial resistance of bacterial strains 

isolated from in dental plaque specimens. 

 

2. Materials and methods 

 

2.1 Study population and inclusion and exclusion criteria 

From March to September 2020, a total of 300 patients were included in the study. Patients were referred to 

the Dental Clinics for routine check-up. All patients with dental plaque samples were included in this survey. 

Dental plaque presence is the prominent inclusion factor. All patients who had received antimicrobial options 

https://www.teikyomedicaljournal.com/
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tooth-plaque
https://www.sciencedirect.com/topics/nursing-and-health-professions/urinary-tract-infection
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or antibacterial mouthwashes three months before the experiment were excluded from the research. Patients 

with viral and fungal infections were excluded. Additionally, those with infected cysts and neoplastic lesions 

and those without known infections were excluded from the study. Furthermore, patients that used antiseptic 

mouth rinses (over the past 24 h) were excluded. Pregnant women, patients with liver, gastrointestinal, and 

kidney disease, and those with positive tests of the coronavirus disease 2019 (COVIUD-19), and Human 

Immunodeficiency Virus (HIV) were also excluded.  

 

2.2 Dental specimens 

A dental plaque sample was taken from the gingival crevice at the most profound pocket by swabbing back 

and front with a sterile cotton swab. All swab samples were transferred intoi 1 mL of transport fluid medium 

(Phosphate buffer saline, Merck, Germany) in sterile tubes at 4 ºC. an entire samples in each tube was 

inoculated on brain heart infusion, chocolate agar, opsonophagocytosis activity (OPA) staphylococcus and 

blood agar.  

 

2.3 Bacterial isolation and indentification 

All media were incubated for 48 h at 37 ºC. Representative microbial colonies from each plate were Gram-

stained and identified using several biochemical tests, including urease activity, hemolytic activity, oxidase, 

coagulase, and catalase reactions, carbohydrate fermentation, casein and starch hydrolysis, citrate and indole 

utilization, and Methyl Red–Voges Proskauer and gelatin liquefaction, resistance to bacitracin (0.04 U), and 

nitrate reduction. Additionally, Analytical Profile Index (API 20E) (BioMeriouxVitek, Inc., MO, USA) 

system was used to identify bacteria [27]. Another portion of samples were used for Helicobacter pylori 

isolation. For this purpose, samples was cultured into a sterile tube containing 5% sheep blood agar, chocolate 

agar and a selective medium and transported to the microbiology laboratory to be incubated microaerophically 

(5% oxygen, 85% nitrogen, and 10% CO2) using the MART system (MART system, Lichtenvoorde, The 

Netherland) at a temperature of 37°C for seven days. Culture media were supplemented with 5% of horse 

serum (Sigma, St. Louis, MO, USA), nalidixic acid (30 mg/L), vancomycin (10 mg/L), cycloheximide (100 

mg/L), and trimethoprim (30 mg/L) (Sigma, St. Louis, MO, USA) [28]. 

 

2.4 Antimicrobial resistance properties 

Procedures introduced by the CLSI [29] were applied for this goal. Mueller–Hinton agar (Merck, Germany) 

was used for bacterial culture. Diverse antimicrobial disks, including penicillin (10 μg/disk), ampicillin (10 

μg/disk), amoxicillin (25 μg/disk), levofloxacin (5 μg/disk), ceftriaxone (30 μg/disk), clindamycin (2 

μg/disk), vancomycin (30 μg/disk), azithromycin (15 μg/disk), erythromycin (15 μg/disk), metronidazole (5 

μg/disk), gentamicin (10 μg/disk), linezolid (30 μg/disk), clarithromycin (2 µg/disk), rifampin (30 µg/disk), 

and tetracycline (30 μg/disk), were placed on media. Microbial media with placed disks were incubated (35°C 

for 24 h). Aerobic and anaerobic conditions were applied according to the targeted bacteria. Guidelines of the 

CLSI were applied for susceptibility analysis [30]. 

 

2.5 Numerical evaluation 

Data collected from the experiment were numerically evaluated by the SPSS/21.0 software (SPSS Inc., 

Chicago, IL) software. Qualitative data taken from the tests were examined using the chi-square test and 

Fisher'sexact two-tailed test. P-value less than 0.05 was determined as a significance level. 

 

3. Results 

 

3.1 Demographical features 

Demographical features of the examined population are publicized in table 1. Of 300 patients examined in 
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this survey, 180 (60%) were included in the study. The mean age of the studied population was 53.9 years. 

The male to female ratio of the examined population was 115/65 (P <0.05). Histories of smoking and alcohol 

amongst patients were 41.66% and 16.66%, respectively.  

 

Table 1. Demographic characters of the present survey. 

Demographic characters Individuals (180 people included) 

 Mean age (SD) (year) 53.9 (17.2) 

 Sex (M/F) 115/65 

Mean weight (SD) 66.9 (13.5) 

Alcohol (%) 16.66 

Smoking (%) 41.66 

 

3.2 Bacterial distribution 

Table 2 shows the bacterial distribution amongst the examined dental plaque samples. Alpha-hemolytic 

Streptococcus (88.88%), E. cloacea (33.33%), and S. aureus (19.44%) were the most commonly isolated 

bacteria from the dental plaque samples. Distribution of H. pylori (7.77%), E. coli (5.55%), and P. aeruginosa 

(3.33%) were lower than other isolated bacteria. 

 

Table 2. Bacterial distribution amongst the dental plaque samples. 

Bacterial strains Distribution amongst the 180 dental plaques (%) 

Alpha-hemolytic Streptococcus 160 (88.88) 

E. cloacea 60 (33.33) 

S. aureus 35 (19.44) 

K. pneumonia 24 (13.33) 

H. pylori 14 (7.77) 

E. coli 10 (5.55) 

P. aeruginosa 6 (3.33) 

 

3.3 Antibiotic resistance of bacteria 

Table 3 shows the antimicrobial resistance pattern of bacterial strains isolated from dental plaque samples. 

Resistance rages of bacteria were recorded between 14.28% to 91.87%. P. aeruginosa strains didn’t show 

any resistance toward vancomycin and metronidazole. Alpha-hemolytic Streptococcus isolates harbored the 

highest resistance rate toward tetracycline (91.87%), penicillin (88.75%), ampicillin (87.50%), amoxicillin 

(84.37%), and gentamicin (63.75%). E. cloacea isolates harbored the highest resistance rate against 

tetracycline (83.33%), penicillin (63.33%), ampicillin (58.33%), amoxicillin (50%), and rifampin (45%). S. 

aureus isolates harbored the highest and most diverse resistance rate toward antimicrobial. They harbored the 

highesr prevalence of resistance against ampicillin (91.42%), tetracycline (85.71%), eruthromicin (85.71%), 

penicillin (85.71%), amoxicillin (85.71%), and rifampin (80%). K. pneumonia isolates harbored the highest 

resistance rate toward gentamicin (83.33%), ampicillin (75%), tetracycline (75%), and amoxicillin (75%). H. 

pylori isolates harbored the highest resistance rate toward ampicillin (85.71%), clarythromicin (85.71%), 

https://www.teikyomedicaljournal.com/
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amoxicillin (78.57%), tetracycline (71.42%), and metronidazole (71.42%). E. coli isolates harbored the 

highest resistance rate toward tetracycline (80%), gentamicin (80%), and ampicillin (70%). P. aeruginosa 

isolates harbored the lowest and less diverse resistance toward examined antimicrobial agents. P. aeruginosa 

strains harbored the highest resistance rate toward tetracycline (66.66%), penicillin (66.66%), and ampicillin 

(50%), Statistically, a significant difference was obtained amid types of bacteria and antibiotic resistance rate 

(P <0.05). 

 

Table 3. Antimicrobial resistance pattern of bacterial strains isolated from dental plaque samples. 

Bacterial species 

(Numbers) 

N. isolates harbored resistance against each antimicrobial agent (%) 

P* A10 AM Lev Cf Cln  Van  Az  E15  Met  G10  Lin  Clr  Rif  

Alpha-hemolytic 

Streptococcus (160) 

142 

(88.75) 

140 

(87.50) 

135 

(84.37) 

70 

(43.75) 

82 

(51.25) 

42 

(26.25) 

31 

(19.37) 

38 

(23.75) 

93 

(58.12) 

50 

(31.25) 

102 

(63.75) 

49 

(30.62) 

30 

(18.75) 

76 

(47.50) 

E.cloacea (60) 38 

(63.33) 

35 

(58.33) 
30 (50) 

25 

(41.66) 

22 

(36.66) 

19 

(31.66) 
15 (25) 

20 

(33.33) 

25 

(41.66) 

7 

(11.66) 

26 

(43.33) 

23 

(38.33) 

10 

(16.66) 
27 (45) 

S. aureus (35) 30 

(85.71) 

32 

(91.42) 

30 

(85.71) 

25 

(71.42) 

26 

(74.28) 

27 

(77.14) 

18 

(51.42) 

15 

(42.85) 

30 

(85.71) 

10 

(28.57) 

13 

(37.14) 

15 

(42.85) 

18 

(51.42) 
28 (80) 

K.pneumonia (24) 15 

(62.50) 

19 

(79.16) 
18 (75) 

17 

(70.83) 

15 

(62.50) 

15 

(62.50) 
12 (50) 12 (50) 

15 

(62.50) 

4 

(16.66) 

20 

(83.33) 

15 

(62.50) 

10 

(41.66) 

15 

(62.50) 

H. pylori (14) 5 

(35.71) 

12 

(85.71) 

11 

(78.57) 

4 

(28.57) 

4 

(28.57) 

5 

(35.71) 

3 

(21.42) 

3 

(21.42) 

8 

(57.14) 

10 

(71.42) 

5 

(35.71) 

4 

(28.57) 

11 

(78.57) 

4 

(28.57) 

E. coli (10) 6 (60) 7 (70) 6 (60) 4 (40) 2 (20) 3 (30) 2 (20) 3 (30) 3 (30) 2 (20) 8 (80) 4 (40) 3 (30) 3 (30) 

P.aeruginosa (6) 4 

(66.66) 
3 (50) 

2 

(33.33) 

2 

(33.33) 

2 

(33.33) 

2 

(33.33) 
- 

1 

(16.66) 
3 (50) - 

2 

(33.33) 

1 

(16.66) 

1 

(16.66) 

1 

(16.66) 

*P: penicillin (10 μg/disk), A10: ampicillin (10 μg/disk), AM: amoxicillin (25 μg/disk), Lev: levofloxacin (5 

μg/disk), Cf: ceftriaxone (30 μg/disk), Cln: clindamycin (2 μg/disk), Van: vancomycin (30 μg/disk), Az: 

azithromycin (15 μg/disk), E15: erythromycin (15 μg/disk), Met: metronidazole (5 μg/disk), G10: gentamicin 

(10 μg/disk), Lin: linezolid (30 μg/disk), Clr: clarithromycin (2 µg/disk), Rif: rifampin (30 µg/disk), Tet: 

tetracycline (30 μg/disk). 

 

4. Discussion 

The majority of microorganisms in nature are attached to surfaces, where they grow to form biofilms. Dental 

plaque is a tacky film of bacteria continually forms on teeth. Dental plaque-procuding bacteria secret acids, 

which can destroy enamel and cause cavities and gingivitis [31]. Additionally, dental plaque can develop 

under the gums on tooth roots and break down the bones that support teeth [32]. Furthermore, dental plaque 

may consider reservoir of different kinds of bacteria responsible for gastrointestinal disorders [33]. The strict 

structure of dental plaques make them resistant to diverse groups of antimicrobial agents [34]. Thus, it is 

important to understand the exact bacterial species found in the dental plaques and their antimicrobial 

resistance to determine controlling programs. 

 

The present survey was aimed to assess the prevalence rate and antimicrobial resistance of bacterial pathogens 

isolated from dental plaque samples. Alpha-hemolytic Streptococcus, E. cloacea, and S. aureus were the most 

commonly isolated bacteria, while H. pylori, E. coli, and P. aeruginosa were the less commonly isolated 

strains. In another study conducted on India [35], Streptococcus spp. was the the most commonly detected 

bacteria (51.00%), followed by E. coli (19.00%) and Veillonella spp. (19.00%). Similar survey conducted on 
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United Kingdome [36] revealed that Porphyromonas gingivalis (49.00%), Actinobacillus 

actinomycetemcomitans (55.00%), and Tannerella forsythensis (65.00%) were the most commonly detected 

pathogens isolated from dental plaque samples of children with gingivitis. A survey conducted on Korea [37] 

reported that Streptococcus, Corynebacterium, Neisseria, and Fusobacterium were the most commonly 

detected bacterial strains in dental mplaque of children. Brazilian study [38] showed that The predominant 

species in all 600 samples included Corynebacterium diphtheriae, Enterococcus faecalis, S. aureus, 

Acinetobacter baumannii, P. aeruginosa, and E. coli were predominant bacterial pathogens in the dental 

plaque samples of patients with chronic periodontitis. Such differences reported in the distribution of bacterial 

pathogens isolated from dental plaque samples reported in various surveys may be owing to the differences 

in type of collected samples, number of collected samples, method of sampling, site of the dental plaque 

sampling, age of examined individuals, sex of examined individuals, diet of examined individuals, history of 

alcohol consumption, history of smoking, culture of different communities and level of oral and dental health. 

Our report showed the higher distribution of male than female. The role of sex in the distribution of dental 

plaque has also been reported [39- 41]. Older patients have also shown to more prone for oral infections and 

dental plaque [42], [43]. In this regard, the mean age of the examined individuals in the present survey was 

53.9 years, which consider midlle-age population. According to records [44], no significant association 

obtained amid accumulated plaque weight and smoking. In another report [44], the mean plaque calcium 

concentration was raised in smokers compared with non-smokers. However, application of essential oil 

mouthwashes with alcohol caused significant decrease in the plaque formation [45]. 

 

Isolates displayed a high antibiotic resistance toward penicillin, tetracycline, amoxicillin, gentamicin, and 

ampicillin antimicrobials. Unauthorized prescription of antimicrobials and self-treatment with antimicrobials 

and indiscriminate use of disinfectants are likely explanations for the boost prevalence of antimicrobial 

resistance in the present survey. All examined isolated bacteria had different pattern of resistance toward 

antimicrobial agents. It seems that vancomycin, azithromycin, clindamycin, linezolid, metronidazole, 

clarithromycin, and rifampin prescription may cause better therapeutic effects on maxillofacial infections. 

Similarly, a high resistance rate of bacterial strains isolated from dental plaque samples toward penicillin, 

tetracycline, amoxicillin, gentamicin, and ampicillin antimicrobials was reported from Norway [46], 

Germany [47], Australia [3], and Iran [48]. [49] stated that the S. aureus, S. viridans, K. pneumoniae, and E. 

fecalis bacteria displayed the uppermost resistance rate against ampicillin, ciprofloxacin, clindamycin, 

erythromycin, gentamicin, penicillin, and tetracycline antimicrobials. [50] stated that Staphylococcus spp., 

Streptococcus spp., and Klebsiella spp. Isolates of odontogenic infections had a high resistance toward 

amoxicillin and metronidazole (80-100%). A Chinese survey [51] described boosting resistance rate toward 

ampicillin (100%) and penicillin (100%) antimicrobials. In India [52], isolates of such specimens were 

susceptible to levofloxacin, clindamycin, amoxicillin, and erythromycin resistance. High prevalence of 

resistance of H. pylori strains against ampicillin, clarythromicin, amoxicillin, tetracycline, and metronidazole 

was reported by [53]. He showed that the H. pylori isolates of Armenian dental plaque samples harbored the 

high prevalence of resistance toward ampicillin (88.09%), clarithromycin (83.33%), amoxicillin (76.19%), 

metronidazole (71.42%), and tetracycline (69.04%) antimicrobials. Possible reasons for antibiotic resistance 

differences reported in various studies include differences in antibiotic availability, antibiotic prices, over-

the-counter antibiotic sales, and antibiotic prescribing procedures. Principled prescriptions based on 

laboratory results can diminish the risk of antimicrobial resistance among maxillofacial pathogens. 

 

5. Conclusions 

In conclusion, Alpha-hemolytic Streptococcus, E. cloacea, and S. aureus were predominant bacteria isolated 

from dental plaque samples in Iran. Rendering the disk diffusion findings, penicillin, tetracycline, amoxicillin, 

gentamicin, and ampicillin may not be effective. However, vancomycin, azithromycin, clindamycin, 

https://www.teikyomedicaljournal.com/
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linezolid, metronidazole, clarithromycin, and rifampin prescription may cause better results in the treatment 

of these kinds of infections. Nevertheless, several multifactorial surveys should address to obtain more aspects 

of the antimicrobial resistance bacteria in dental plaque samples. 
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