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ABSTRACT 

 

 
Background and Objectives: Periodontal diseases are resulted from gum infections and dental plaques, which are mainly 

caused by the bacterial agents. Since dental monitoring includes important prognostic roles, the aim of this study was to 

detect the most common periodontal pathogenic bacteria in children. 

Materials and Methods: A total of 200 clinical samples were collected from dental plaques and gingival grooves. Tar- 

get-specific primers were designed for hbpA in Aggregatibacter actinomycetemcomitans, fimA in Porphyromonas gingivalis 

and 16S rRNA in Prevotella intermedia, Tannerella forsythia and Treponema denticola. Then, a multiplex polymerase chain 

reaction method was optimized for the highlighted bacterial agents. 

Results: In general, the highest and the lowest bacterial prevalence rates belonged to Tannerella forsythia (88%) and Por- 

phyromonas gingivalis (13%), respectively. Furthermore, prevalence rates of Aggregatibacter actinomycetemcomitans, 

Prevotella intermedia and Treponema denticola were 25, 21 and 45% in samples, respectively. 

Conclusion: There were significant associations between dental/oral health and microbial community. Metabolism of the 

oral bacteria, including biofilm formation, can affect gums and develop dental plaques and hence dental caries, especially 

in children. Early diagnosis of dental caries in children via rapid, accurate molecular methods can increase the diagnostic 

capacity in clinical cases and therefore prevent periodontal infections in adulthood. 
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INTRODUCTION 

 
The oral cavity is the primary surface for the micro- 

bial colonization due to its physiological conditions 

(1). Opportunistic activity and metabolic products 

of the oral microbiota can lead to infectious lesions 

(2). Acid production by the bacteria induces dental 

plaque fermentation (3). Dental plaque is a dense and 

complex biofilm structure that accumulates on the 

hard tissues such as teeth and soft tissues including 

gingival sulcus in the oral cavity (4). Supporting tis- 

sues around the teeth can be affected by the plaques. 

Without regular teeth screening, patients may not be 

aware of the infection progression on dental support- 
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ing tissue. This issue results in severe damages to 

the gums and jawbones and therefore tooth loss can- 

not be inevitable (5). Gingivitis is the first symptom 

of the infected surrounding teeth tissue, leading to 

chronic periodontitis (6). Periodontitis is an inflam- 

matory disease of the periodontium and a significant 

sign of the gum infections. Periodontal infections are 

the most common infections and significant causes of 

tooth loss. Developing periodontal infections can af- 

fect heart and brain as well (7, 8). During pregnancy, 

periodontal infections can lead to low-birth-weight 

babies (9). Patients with chronic infections such as 

gum infections are at high risks for coronary heart 

diseases such as atherosclerosis (8). Several oral bac- 

teria cause periodontal diseases with inflammatory 

processes involved in growth and formation of cho- 

lesterol plaques in walls of arteries. Recent studies 

have shown increases in heart diseases and stroke in 

people with gum infections (10). 

Majorly, bacterial species of periodontal infections 

include Aggregatibacter actinomycetemcomitans, 

Bacteroides gingivalis, B. intermedius, Eikenella 

corrodens, Wolinella recta, Fusobacterium nuclea- 

tum, Prevotella intermedia, P. nigrescens, Trepone- 

ma denticola, Tannerella forsythia, Campylobacter 

rectus, Micromonas micros and Dialister pneu- 

mosintes as well as enteric rods (9, 11-14). Periodon- 

tal pathogenic bacteria play significant roles in in- 

duction and progress of periodontal diseases. Early 

detection can help screen children, who need further 

effective oral health procedures to protect them from 

risks of periodontal diseases and hence decrease 

health care costs (15). Oral pathogenic bacteria can 

develop infections during mechanical treatments of 

the gums and teeth. Therefore, it is critical to de- 

tect these bacterial agents and provide appropriate 

antibiotic  therapy  regimens  to  decrease  or  elimi- 

nate the bacterial loads (16). Relatively, traditional 

culture-based methods have been used to detect the 

oral pathogenic bacteria. However, due to the slow 

growth, time-consuming and costly characteristics 

of the conventional diagnostic methods, it is neces- 

sary to develop molecular diagnostic methods such 

as polymerase chain reaction (PCR) for the faster 

and better diagnosis of the oral microbial agents (17, 

18). Culture and fluorescence microscopy methods 

are further used for the clinical specimens; howev- 

er, these methods are relatively time-consuming and 

expensive. In addition, these methods cannot detect 

T. denticola and B. forsythus. Technically, 16S rRNA 

genes, as housekeeping genetic markers, can be used 

for the detection of pathogenic bacteria. Moreover, 

other conserved genetic regions can be used in vari- 

ous PCR methods (19, 20). Therefore, the major aim 

of the current study was to assess prevalence rates 

of  most  common  periodontal  pathogenic  bacteria 

in spaces between the children's gums and dental 

plaques as a prognosis factor. 
 

 
 
MATERIALS AND METHODS 

 
Patient selection. The current study was approved 

by the Ethical Committee of Tehran University of 

Medical Sciences (ethical code: IR.TUMS.SPH. 

REC.1400.135). An expert dentist assessed the pa- 

tients based on clinical gingival index (GI) and plaque 

index (PI). In this study, inclusion criteria were pa- 

tients under 15 years old with dental plaques or gin- 

givitis and exclusion criteria were patients, who re- 

ceived antibiotics within the last two weeks. 

 
Sample collection. In this study, sampling from the 

patients was carried out thrice a week. For the sample 

collection, supragingival spots were dried and then 

sampling was carried out to minimize cross-contam- 

inations. Dentist applied a detector to the tooth sur- 

faces for plaque sampling, except for the occlusal sur- 

face. In this technique, discoloration was seen after 5 

min and samples were collected from the dental sur- 

faces using sterile endodontic paper points (ISO40). 

Samples were also collected from a depth of 1-3 mm 

in the gums. These were immediately transferred to 

the microbiology laboratory under cold conditions us- 

ing tubes containing 1 ml of DNAase-free deionized 

water. Samples were stored at -20°C until use. 

 
Primer design. In this study, primers were de- 

signed using AlleleID software, regarding dynamic 

factors such as primer melting temperature (Tm), G/C 

count, loops and dimer production. Primer sequences 

and characteristics of the bacterial gene targets are 

shown in (Table 1). 

 
DNA extraction. Based on the manufacturer's in- 

structions, extraction was carried out using Cinna 

Pure extraction kit (Sinaclon, Iran). Then, concentra- 

tion and purity of the extracted DNA were assessed 

at 260/280 nm using NanoDrop spectrophotometers 

(Thermo  Fisher  Scientific, USA).  Moreover,  DNA 
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Table 1. Primer sequences and their gene targets used in this study 

 

Bacteria Gene Primer Primer sequence Tm (˚C) (bp) 
Aggregatibacter hbpA F-Aggrega- hbpA ACAGACCCAATGCAAAAGTAAC 50 397 
actinomycetemcomitans  R-Aggrega- hbpA TTTGTGAGATTATATACTCCGGC 50  
Porphyromonas gingivalis fimA F-Porphy-fimA CTACTCAGCTAACGGTGGGAC 50 292 

  R-Porphy-fimA CTCTGTGATAGGATTCTCGGG 50  
Prevotella intermedia 16s rRNA F-Pre 16 TGAGTATCGCGTATCCAACC 50 617 

  R-Pre 16 CTTCGCAATCGGAGTTCG 50  
Tannerella forsythensis 16s rRNA F-Tan-16 GCGTAGGTGGGCTGTTAAG 50 188 

  R-Tan-16 TCGTGCTTCAGTGTCAGTTATAC 50  
Treponema denticola 16s rRNA F-Tre-16 GGAGCATGTGGTTTAATTCG 50 484 

  R-Tre-16 CCTCGACTCGGATGGTGT 50  
 

samples were electrophoresed on agarose gels. Sam- 

ples were stored at -20°C until use. 

 
Multiplex PCR and DNA sequencing. Multiplex 

PCR was carried out for the bacterial gene targets us- 

ing designed primers. The PCR was carried out in a 

volume of 50 μl using sterile microtubes of 0.5 ml 

and thermal cycler (PeqLab, Germany). Master mix 

itans were amplified using similar conditions (Fig. 1). 

The highest and the lowest prevalence rates belonged 

to T. forsythia (88%) and P. gingivalis (13%). More- 

over, prevalence rates of P. intermedia, A. actinomy- 

cetemcomitans and T. denticola were 21, 25 and 45%, 

respectively (Fig. 2). Results showed that T. forsythia 

was most prevalent in 40% of male and 48% of the 

female patients. However, P. gingivalis was the lowest 

included 10× buffer (5 μl), 2.5 mM of MgCl (3 μl), prevalent bacterial agent within the groups. 

Taq polymerase (2.5 μl), 200 mM of dNTP (4 μl), 

each primer with a concentration of 0.2 μM (1 μl) and 

the DNA template with a concentration of 50 ng/μl (2 

μl). Sufficient sterile water was added to the reaction 

make a total volume of 50 μl. The PCR amplicons 

were electrophoresed on 1% agarose gels. Then, Vi- 

vantis gel extraction kit (Vivantis, USA) was used to 

extract the favorite DNA bands from the gels based 

according to the manufacturer's instructions. After 

purification, PCR amplicons were sequenced (Life 

Bioscience, UK) and then the raw sequences were 

edited using CLC Sequence Viewer v.6.5 and Finch 

TV software v.1.4.0. Furthermore, sequences were 

compared with the original sequences using NCBI 

BLAST database. 
 

 
 

RESULTS 

 
Patients. Out of total 200 patients, 102 patients were 

female and 98 patients were male. The mean age of 

the patients was 4-12 years. 

 
Multiplex PCR. In this study, multiplex PCR was 

carried out for the 16S rRNA gene of P. intermedia, T. 

forsythia and T. denticola. Furthermore, fimA gene of 

P. gingivalis and hbpA gene of A. actinomycetemcom- 

 

 
 

DISCUSSION 

 
As oral germs propagate, dense, complex masses 

form on the surface of the teeth called dental plaques. 

 

 
 

Fig. 1. Multiplex polymerase chain reaction of Lanes 1-5, 

Prevotella intermedia (617 bp), Treponema denticola (484 

bp), Aggregatibacter actinomycetemcomitans (397 bp), 

Porphyromonas gingivalis (292 bp) and Tannerella forsythia 

(188). Sm, 100 base-pair DNA ladder. NC, negative control 
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Fig. 2. Total prevalence rates of the target bacteria 

 
Plaques occur in the cavities and grooves of the mas- 

ticatory  surfaces,  gingival  sulcus  and  periodontal 

pockets (21, 22). Recent studies have shown increas- 

es in heart diseases and stroke in patients with gum 

infections. The leading cause of dental and periodon- 

tal diseases is microbial plaque accumulating on the 

teeth. The oral cavity includes more than 1,300 strains 

of microorganisms that could develop plaques and 

dental caries due to damages or poor oral hygiene (23). 

Nucleic acid-based methods for the analysis of 

bacterial diversity in the oral cavity have majorly 

identified a primary list of pathogen-associated dis- 

eases (24). Diverse groups of bacteria that colonize 

oral cavity need their own physicochemical and nu- 

tritional situations for appropriate growth. Previous 

studies have indicated that most of these bacteria 

cannot not be cultured in the laboratory. Introduction 

of non-cultured nucleic acid methods has resulted 

in identification of further comprehensive ranges of 

oral bacteria (25). In summary, data from culture and 

molecular studies showed that 700 species of micro- 

organisms such as bacteria could live in the human 

oral cavity (23). 

However, some species are limited to areas of the 

mouth. Most species act selectively for a particular 

location. This possibility may play critical roles in 

oral health and disease (23). Molecular analyses have 

reported that a broad range of bacteria are detected 

in the oral cavity, belonging to various phyla and or- 

ders such as Firmicutes, Proteobacteria, Actinobac- 

teria, Bacteroidetes, Fusobacteria, Spirochaetes, 

Saccharibacteria (TM7), Chloroflexi, Cyanobacte- 

ria, Deinococcus and Acidobacteria. Furthermore, 

recent studies have suggested that Aquatica-a, Nitro- 

spira, Planctomycetes and Thermomicrobia mem- 

bers may be represented in the mouth (26, 27). The 

high-throughput molecular techniques such as next 

generation sequencing (NGS) platforms analyze mi- 

crobial communities in saliva and dental plaques, 

targeting V6 region of the 16sRNA gene (28). The es- 

timated number of the oral microflora in the current 

studies is much higher than that in previous culture 

studies. Acid nucleic methods have verified that di- 

versity of dental cavities is more significant than that 

previously predicted. Reliable fast methods of iden- 

tifying microorganisms help investigate possible as- 

sociations between the oral bacteria and periodontal 

diseases. Traditional diagnostic techniques include 

culture and immunological methods. Routine culture 

methods are time-consuming and expensive and may 

fail to propagate fastidious microorganisms. Addi- 

tionally, immunological diagnostic methods need 

specific antibodies that may not be available. These 

methods may also lead to false-positive results by 

cross-reacting with non-target microorganisms (29). 

Recently, quantitative real-time PCR system using 

TaqMan have been used to detect a broad spectrum 

of microorganisms, including bacteria (30, 31). 

In a study, Ashimoto et al. used 16S rRNA gene- 

based PCR to investigate prevalence of bacteria as- 

sociated with periodontal diseases. Prevalence of A. 

actinomycetemcomitans, B. forsythus, C. rectus, E. 

corrodens, Porphyromonas gingivalis, P. interme- 

dia, P. nigrescens and T. denticola were investigated 

in 50 patients with pneumonia and minor gingivitis. 

Study demonstrated advantages of 16S rRNA-based 

PCR for the detection of significant oral microorgan- 

isms. Furthermore, results showed significant associ- 

ations between the microbial species and periodontal 

diseases (32). Asai et al. used species-specific PCR 

methods to detect oral bacteria such as T. dentico- 

la, T. vincentii and T. medium in human subgingi- 

val plaque specimens. They assessed numbers of the 

microorganisms using quantitative real-time PCR 

(33). Use of PCR to identify periodontal pathogenic 

agents in clinical specimens verified that this method 

could be a promising method for the clinical samples 

of children (34). Comparing culture and real-time 

PCR methods to diagnose P. gingivalis in subgin- 

gival plaque samples, they concluded that not only 

real-time PCR verified quantitative culture results, it 

included further advantages such as specificity and 

sensitivity in detecting the bacteria (20, 35). Current 

studies have designed multiplex PCR methods that 

detect  Actinomycetemcomitans  and  P.  gingivalis 

(36, 37). Takeuchi et al. reported that T. socranskii, 

T. denticola and P. gingivalis were frequently iso- 

lated in periodontitis patients using PCR. They also 
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showed that the isolates were associated to the sever- 

ity of periodontal tissue destruction (38). In a study 

on relationships between the age and periodontal 

diseases, Rodenberg et al. reported that age is a risk 

factor for P. gingivalis infection (27). Another study 

by Al-Qadami et al. assessed periodontal-causing 

pathogenic bacteria in high-school children. Their 

clinical study included gingival and periodontal sup- 

port tissue measurements, including loss of strength 

and gingival pocket depth. Samples of the bacterial 

microflora were assessed using multiplex PCR. Re- 

sults showed that A. actinomycetemcomitans was 

present in 21.7% and P. gingivalis in 21.3% of the 

cases. In addition, T. forsythia was detected in 10.1%, 

T. denticola in 34.7% and P. intermedia in 12.3% of 

the patients. The red complex bacteria were also ob- 

served in 2.9% of the patients (39). 

A recent study reported significant associations 

of Scardovia wiggsiae in severe early childhood 

caries (40). Use of additional methods could detect 

other bacterial agents. Chen et al. reported that He- 

licobacter pylori colonization in dental plaque was 

associated with H. pylori gastritis. They concluded 

that follow-up of dental plaques using DNA-bio- 

sensors was a noninvasive diagnostic method (41). 

Bashirian et al. demonstrated that dental caries back- 

ground and plaque formation in elementary school 

children in Hamadan, Iran, were high affected by the 

children’s socioeconomic situations (42). Although 

dental plaques cause gingival inflammation, but not 

all the inflammatory sites are developed to periodon- 

titis. However, antibiotic therapy is critical to control 

attachment  and  destruction of  periodontal  tissues 

during gingivitis (43). In general, further studies are 

necessary to better understand mechanisms of bio- 

film formation by the oral bacterial pathogens (44). 
 

 
 

CONCLUSION 

 
In this study, a multiplex-PCR method was designed 

to achieve fast, accurate, sensitive detection of the 

most critical oral pathogenic bacteria. Based on the 

findings, higher proportions of gingival and peri- 

odontal damaging bacteria were detected in patients 

of older ages. No significant differences were report- 

ed between the sex and periodontitis. Follow-up and 

routine periodontal screening in childhood can de- 

crease risks of developing periodontal infections in 

adulthood. 

ACKNOWLEDGEMENTS 

 
This study was supported by the School of Pub- 

lic Health, Tehran University of Medical Sciences 

(grant no. 53072). 
 
 
 
 
REFERENCES 

 
1.  Nelson-Filho P, Borba IG, Mesquita KS, Silva RA, Que- 

iroz AM, Silva LA. Dynamics of microbial coloniza- 

tion of the oral cavity in newborns. Braz Dent J 2013; 

24: 415-419. 

2.  Lamont RJ, Koo H, Hajishengallis G. The oral micro- 

biota: dynamic communities and host interactions. Nat 

Rev Microbiol 2018; 16: 745-759. 

3.   Koopaie M, Fatahzadeh M, Jahangir S, Bakhtiari R. 

Comparison of the effect of regular and probiotic cake 

(Bacillus coagulans) on salivary pH and Streptococcus 

mutans count. Dent Med Probl 2019; 56: 33-38. 

4.  Gurenlian JR. The role of dental plaque biofilm in oral 

health. J Dent Hyg 2007; 81(suppl 1): 116. 

5.  Abdulkareem AA, Al-Taweel FB, Al-Sharqi AJB, Gul 

SS, Sha A, Chapple ILC. Current concepts in the patho- 

genesis of periodontitis: from symbiosis to dysbiosis. J 

Oral Microbiol 2023; 15: 2197779. 

6.  Tatakis  DN, Kumar PS. Etiology and pathogenesis of 

periodontal disease. Dent Clin North Am 2005; 49: 491- 

516. 

7.   Kamer AR, Pirraglia E, Tsui W, Rusinek H, Vallabha- 

josula S, Mosconi L, et al. Periodontal disease associ- 

ates with higher brain amyloid load in normal elderly. 

Neurobiol Aging 2015; 36: 627-633. 

8.  Geismar K, Stoltze K, Sigurd B, Gyntelberg F, Holm- 

strup P. Periodontal disease and coronary heart disease. 

J Periodontol 2006; 77: 1547-1554. 

9.   Buduneli N, Baylas H, Buduneli E, Turkoglu O, Kose 

T, Dahlen G. Periodontal infections and pre‐term low 

birth weight: A case‐control study. J Clin Periodontol 

2005; 32: 174-181. 

10. Dobson R. Gum disease may increase the risk of stroke. 

BMJ 2006; 333: 570. 

11. Lovegrove JM. Dental plaque revisited: bacteria asso- 

ciated with periodontal disease. J N Z Soc Periodontol 

2004; (87): 7-21. 

12. Sreenivasan PK, Prasad KVV. Distribution of dental 

plaque and gingivitis within the dental arches. J Int 

Med Res 2017; 45: 1585-1596. 

13. Kewon TH, Lamster IB, Levin L. Current concepts in 

the management of periodontitis. Int Dent J 2021; 71: 

462-476. 

14. Saygun I, Nizam N, Keskiner I, Bal V, Kubar A, Acıkel 

http://ijm.tums.ac.ir/


MARYAM DARABI ET AL. 

54 IRAN. J. MICROBIOL. Volume 16 Number 1 (February 2024) 49-55 http://ijm.tums.ac.ir 

 

 

 

 
 

C, et al. Salivary infectious agents and periodontal dis- 

ease status. J Periodontal Res 2011; 46: 235-239. 

15. Ramseier CA, Kinney JS, Herr AE, Braun T, Sugai 

JV, Shelburne CA, et al. Identification of pathogen and 

host‐response markers correlated with periodontal dis- 

ease. J Periodontol 2009; 80: 436-446. 

16. Andreasen  JO, Lauridsen E, Andreasen FM. Contra- 

dictions in the treatment of traumatic dental injuries 

and ways to proceed in dental trauma research. Dent 

Traumatol 2010; 26: 16-22. 

17. D'Ercole S, Catamo G, Tripodi D, Piccolomini R. Com- 

parison of culture methods and multiplex PCR for the 

detection of periodontopathogenic bacteria in bio film 

associated with severe forms of periodontitis. New 

Microbiol 2008; 31: 383-391. 

18. Siqueira  JF, Rocas  IN, Uzeda  M, Colombo  AP, San- 

tos  KRN. Comparison of 16S rDNA-based PCR and 

checkerboard DNA-DNA hybridisation for detection of 

selected endodontic pathogens. J Med Microbiol 2002; 

51: 1090-1096. 

19. Rôças IN, Siqueira JF Jr, Santos KR, Coelho AM. "Red 

complex" (Bacteroides forsythus, Porphyromonas gin- 

givalis and Treponema denticola in endodontic infec- 

tions: a molecular approach. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod 2001; 91: 468-471. 

20. Boutaga K, van Winkelhoff AJ, Vandenbroucke-Grauls 

CM, Savelkoul PH. Comparison of real-time PCR and 

culture for detection of Porphyromonas gingivalis in 

subgingival plaque samples. J Clin Microbiol 2003; 41: 

4950-4954. 

21.  Murakami  S,  Mealey  BL,  Mariotti  A,  Chapple 

ILC. Dental plaque–induced gingival conditions. J 

Periodontol 2018; 89 Suppl 1: S17-S27. 

22. Seneviratne CJ, Zhang CF, Samaranayake LP. Dental 

plaque biofilm in oral health and disease. Chin J Dent 

Res 2011; 14: 87-94. 

23. Gao L, Xu T, Huang G, Jiang S, Gu Y, Chen F. Oral 

microbiomes: more and more importance in oral cavity 

and whole body. Protein Cell 2018; 9: 488-500. 

24. Siqueira JF Jr, Rocas IN. The oral microbiota: gener- 

al overview, taxonomy and nucleic acid techniques. 

Methods Mol Biol 2010; 666: 55-69. 

25. Wade WG. Non-culturable bacteria in complex com- 

mensal populations. Adv Appl Microbiol 2004; 54: 93- 

106. 

26. Foschi F, Cavrini F, Montebugnoli L, Stashenko P, 

Sambri V, Prati C. Detection of bacteria in endodontic 

samples by polymerase chain reaction assays and as- 

sociation with defined clinical signs in Italian patients. 

Oral Microbiol Immunol 2005; 20: 289-295. 

27. Lopez NJ. Occurrence of Actinobacillus actinomyce- 

temcomitans, Porphyromonas gingivalis, and Prevotel- 

la intermedia in progressive adult periodontitis. J 

Periodontol 2000; 71: 948-954. 

28. Jagathrakshakan SN, Sethumadhava RJ, Mehta DT, 

Ramanathan A. 16S rRNA gene-based metagenomic 

analysis identifies a novel bacterial co-prevalence pat- 

tern in dental caries. Eur J Dent 2015; 9: 127-132. 

29. Herrera M, Aguilar YA, Rueda ZV, Muskus C, Velez 

LA. Comparison of serological methods with PCR- 

based methods for the diagnosis of community-ac- 

quired pneumonia caused by atypical bacteria. J Negat 

Results Biomed 2016; 15: 3. 

30. Suzuki N, Yoshida A, Nakano Y. Quantitative analysis 

of multi-species oral biofilms by TaqMan Real-Time 

PCR. Clin Med Res 2005; 3: 176-185. 

31. Park S-N, Lim YK, Kook J-K. Development of quan- 

titative real-time PCR primers for detecting 42 oral 

bacterial species. Arch Microbiol 2013; 195: 473-482. 

32. Ito T, Mori G, Oda Y, Hirano T, Sasaki H, Honma S, et 

al. Clinical evaluation of periodontal pathogen levels 

by real-time polymerase chain reaction in peri-implan- 

titis patients. Int J Implant Dent 2021; 7: 105. 

33. Asai Y, Jinno T, Igarashi H, Ohyama Y, Ogawa T. De- 

tection and quantification of oral treponemes in subgin- 

gival plaque by real-time PCR. J Clin Microbiol 2002; 

40: 3334-3340. 

34. Avila-Campos MJ. PCR detection of four periodonto- 

pathogens from subgingival clinical samples. Braz J 

Microbiol 2003; 34: 81-84. 

35. Boutaga K, van Winkelhoff AJ, Vandenbroucke-Grauls 

CM, Savelkoul PH. Periodontal pathogens: a quanti- 

tative comparison of anaerobic culture and real-time 

PCR. FEMS Immunol Med Microbiol 2005; 45: 191- 

199. 

36. Doungudomdacha S, Rawlinson A, Douglas CW. Enu- 

meration of Porphyromonas gingivalis, Prevotella in- 

termedia and Actinobacillus actinomycetemcomitans 

in subgingival plaque samples by a quantitative-com- 

petitive PCR method. J Med Microbiol 2000; 49: 861- 

874. 

37. Maeda H, Fujimoto C, Haruki Y, Maeda T, Kokeguchi 

S, Petelin M, et al. Quantitative real-time PCR using 

TaqMan and SYBR Green for Actinobacillus actinomy- 

cetemcomitans, Porphyromonas gingivalis, Prevotel- 

la intermedia, tetQ gene and total bacteria. FEMS 

Immunol Med Microbiol 2003; 39: 81-86. 

38. Takeuchi Y, Umeda M, Sakamoto M, Benno Y, Huang 

Y, Ishikawa I. Treponema socranskii, Treponema 

denticola and Porphyromonas gingivalis are associ- 

ated with severity of periodontal tissue destruction. J 

Periodontol 2001; 72: 1354-1363. 

39. Alghamdi AS, Almarghlani AA. Periodontal pathogen- 

ic bacteria among high school children in Saudi Arabia. 

Ann Saudi Med 2019; 39: 244-250. 

40. Prabhu Matondkar S, Yavagal C, Kugaji M, Bhat KG. 

Quantitative assessment of Scardovia wiggsiae from 

dental plaque samples of children suffering from se- 

http://ijm.tums.ac.ir/


DENTAL CARIES IN CHILDREN 

55 http://ijm.tums.ac.ir IRAN. J. MICROBIOL. Volume 16 Number 1 (February 2024) 49-55 

 

 

 

 
 

vere early childhood caries and caries free children. 

Anaerobe 2020; 62: 102110. 

41. Chen L-L, Cui H-F, Fan S-F, Li Z-Y, Han S-Y, Ma X, 

et al. Detection of Helicobacter pylori in dental plaque 

using a DNA biosensor for noninvasive diagnosis. RSC 

Adv 2018; 8: 21075-21083. 

42.  Bashirian  S,  Shirahmadi  S,  Seyedzadeh-Sabounchi 

S, Soltanian AR, Karimi-Shahanjarini A, Vahdatinia 

F. Association of caries experience and dental plaque 

with sociodemographic characteristics in elementary 

school-aged children: a cross-sectional study. BMC 

Oral Health 2018; 18: 7. 

43. Murakami S, Mealey BL, Mariotti A, Chapple ILC. 

Dental  plaque–induced  gingival  conditions.  J  Clin 

Periodontol 2018; 45 Suppl 20: S17-S27. 

44. Valm AM. The structure of dental plaque microbial 

communities in the transition from health to dental 

caries and periodontal disease. J Mol Biol 2019; 431: 

2957-2969. 

http://ijm.tums.ac.ir/

