Y~Y10)&§JYUL}M&\JM\ UJAU\“\.;\SS;UA.A

Investigating the resistance of Streptococcus mutans bacteria
to certain antibiotics in Tikrit city
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Abstract

Background: To distinguish Streptococcus mutans bacteria from other susceptible
streptococcal bacteria, tooth decay is a chronic illness and one of the most prevalent diseases
globally. Aim of the study: Streptococcus mutans, one of the most prevalent pathogens of
tooth decay, is isolated and identified from dental caries lesions. Materials and methods: The
current study involved collecting 100 samples from individuals with dental caries at the
Specialized Dental Center and outpatient clinics of Tikrit Teaching Hospital. The samples
were taken from both genders between July 2025 and January 2026 using Gel swabs, which
were then cultured on a specific medium. Biochemical and microscopic examinations were
performed, and the results showed that 100 isolates were Streptococcus mutans on Bacitracin
agar salivarius (MSBA). Result: of the current study show that the most susceptible to tooth
decay are in the 21-30 and 31-40 age groups, representing 32% and 31% respectively. Fifty-
seven swabs were collected from males (57%) with dental caries, and 43 swabs were collected
from patients with periodontal inflammation (43%). Forty-three swabs were collected from
females with dental caries. Antibiotic susceptibility testing was conducted on various
commonly used antibiotics. Ampicillin, Azithromicin, Cifotaxime, Cefixime, Erythromycin,
Meropenem and Nitroflorantion resistance (100%) was found to be the most common
antibiotic. Azithromycin, cifotaxime, cefixime, erythromycin, meropenem, and nitrofloranthin
were also found to be resistant. Most bacterial isolates also showed high resistance to more
than one antibiotic. The widespread and indiscriminate use of many antibiotics in treating
bacterial infections has contributed to an increase in resistance rates. Isolates showed
sensitivity to amikacin (80%), imipenem (89%), and augmentin (91%). Conclusion: The
present study concluded that the bacteria that causes tooth decay is Streptococcus mutans. The
bacterial isolates of Strep. mutans can show multidrug resistance to several drugs
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Introduction

Tooth decay is a chronic disease and one of the most common diseases
worldwide. It has occupied many researchers and specialists in the field of
dentistry. Tooth decay is considered the leading cause of tooth loss [1]. It not
only affects oral health but is also associated with other diseases such as
diabetes. Therefore, preventing and treating tooth decay is crucial for mitigating
health risks [2]. Neglecting oral and dental health has a significant impact on
overall health and is the primary cause in childhood, affecting the crowns and
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roots of teeth. The causes of tooth decay include environmental, physical, and
biological factors, such as insufficient fluoride exposure [3]. The process of
tooth decay begins when acid produced during carbohydrate metabolism breaks
down the enamel. The initial stage of decay appears as white spots, and if left
untreated, decay forms cavities in the enamel and can reach deeper layers [4]).
Streptococcus mutans A facultative, spherical, Gram-positive anaerobic
bacterium that is a cariogenic agent and the primary causative agent of dental
caries. It has the ability to produce large quantities of organic acids and is able
to outcompete non-cariogenic commensal bacteria under low acid conditions.
It is mainly found in biofilms that form on tooth surfaces [5]. Streptococcus
mutans possesses three key virulence factors that contribute to its cariogenic
process: the ability to grow in acidic environments, the ability to produce large
quantities of extracellular glucans from sucrose (which help it invade hard
surfaces), and the ability to metabolize a wide range of carbohydrates and form
organic acids, thus dissolving tooth enamel [6].

S. mutans bacteria are resistant to a number of antibiotics, including bacitracin.
Bacitracin is a peptide antibiotic produced by rod-shaped bacteria that targets
the bacterial cell wall, specifically by breaking down peptidoglycan in the cell
wall and transporting peptidoglycan components across the cell membrane to
compensate for cells lacking peptidoglycan in their cell wall. It is effective
against both Gram-positive and Gram-negative bacteria and is bactericidal.
Some streptococcal bacteria are sensitive to it, while others are resistant. It is
added to the growth medium of S. mutans bacteria to differentiate them from
other susceptible streptococcal bacteria [7]. Optochin is used to differentiate
susceptible S. pneumoniae from resistant S. mutans bacteria. It works by
inhibiting the enzymes that synthesize adenosine triphosphate (ATP), thus
preventing its formation and leading to bacterial cell death. Tetracycline and
other antibiotics are also used in this way [8]. Chloramphenicol works in a
single way where it inhibits protein synthesis. The tetracycline antibody binds
to the 30s ribosomal subunit, which inhibits protein synthesis by preventing the
connection of the charged tRNA to the amino acid, thus preventing the amino
acids from reaching the peptide chain. Studies indicate that S. mutans is 100%
sensitive to amoxicillin, erythromycin, and cephaloth, while sensitivity rates are
95.69% and 69.59%, respectively, to gentamicin and tetracycline [9]. However,
a 2009 study by Jain and Pundir found that S. mutans isolates were sensitive to
amoxicillin, tetracycline, and gentamicin [10]. Erythromycin binds to the 50S
subunit and prevents it from forming the 70S complex, thus inhibiting
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polypeptide chain synthesis. Streptomycin, an aminoglycoside antibiotic, binds
to the p12 protein receptor in the 30S subunit of microbial ribosomes, inhibiting

polypeptide chain synthesis, which consists of mRNA + formylmethionine +

messenger RNA (mRNA). During the reading of the discriminating region on

the rhiosome, the wrong amino acid is added to the polypeptide chain, resulting

in a non-functional protein. Finally, the polypeptide chain breaks down into

monosomes incapable of protein synthesis, leading to bacterial death. [11]
Aims of study

1. Isolation and identification of Streptococcus mutans bacteria from dental

caries lesions, as it is one of the most common pathogens of tooth decay.
2. Studying the bacteria's ability to develop antibiotic resistance.

Materials and methods
Sample Collection

One hundred gel swabs (43 women and 57 men) were collected from
patients with dental caries at the Specialized Dental Center and Tikrit
Teaching Hospital in Salah al-Din Governorate. The patients, aged 10-65
years, were collected between July 2025 and January 2026. Patient
information, including age, gender, residence, and whether or not they
had diabetes, was recorded. The samples were collected using gel swabs
and then transferred to the laboratory for culture on appropriate nutrient
media and diagnostic testing.

Sample Culture

Samples were cultured immediately upon arrival at the laboratory on
Mitis salivarius Bacitracin agar (MSBA) prepared under sterile
conditions and incubated anaerobically at 37°C for 48 hours.

Identification of Bacterial Isolates
Cultural Characteristics

Cultural characteristics were studied through the initial identification of
bacterial colonies on blood agar and Mitis salivarius agar. The
morphological characteristics of the colonies were observed, including
color, shape, and texture, as well as their size, height, odor, and border
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shape. Their hemolysis capacity was also assessed, as evidenced by the
production of hemolysin on sheep blood agar, and their ability to exhibit
enthilling [12].

Microscopic Examination of Bacterial Isolates

The microscopic examination of the bacterial isolates under study was
performed by taking a portion of the bacterial colony, transferring it to a
clean glass slide, and staining it with Gram stain to observe cell
morphology and aggregation patterns [12].

Biochemical tests were performed, including: Indole Test, Methyl red
test, Voge's-Proskauer (VP) Test, Citrate Utilization Test, Hemolysis
test, Catalase Test, Oxidase test, Motility test, and Triple sugar iron agar
(TSA) test. Confirmatory methods for diagnosis included using the
VITEK 2 Compact System.

Antibiotic Sensitivity Test

The standard Kirby-Baure method was used to test the sensitivity of
bacteria to antibiotics, where tablets impregnated with the antibiotic are
placed on an agar plate inoculated with bacteria; After incubation, "zones
of inhibition" (areas free of growth around the discs) are measured to
classify bacteria as "sensitive," “intermediate,” or "resistant" to the
antibiotic, guiding clinicians in choosing the appropriate treatment. The
surface of a Mueller-Hinton agar plate is inoculated with the bacteria to
be tested, and small paper discs impregnated with standard
concentrations of different antibiotics are placed on top of the agar
surface. The plates are incubated, allowing the antibiotic to diffuse from
the disc to the agar, creating a concentration gradient. Readings are then
determined by measuring the diameter of the bacterial zone of inhibition
around each disc in millimeters using a transparent ruler. Bacteria are
classified as sensitive (S), resistant (R), or intermediate (1) compared to
the standard rates for zone of inhibition diameter listed in international
laboratory tables [13].

Statistical Analysis

All results of the current study were subjected to statistical analysis using
SPSS version 17. Comparisons were performed using the chi-square test
and one-way and multi-way ANOVA based on the least significant
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difference (LSD). A p-value <0.05 was considered statistically
significant, while a p-value >0.05 was considered non-statistically
significant [14].

Result
Isolation and Identification of streptococcus mutans according to sex

One hundred samples were collected from individuals with dental caries at the
Specialized Dental Center and outpatient clinics of Tikrit Teaching Hospital.
These samples consisted of oral swabs taken from the oral cavity (dental caries
and periodontal inflammation). Fifty-seven swabs were collected from males
(57%) swabs from patients with dental caries and 43 swabs from patients with
periodontal inflammation (43%). Forty-three swabs were collected from
females with dental caries. Diagnosis was made by studying the morphological
characteristics of Streptococcus mutans bacteria through culture. The colony
was cultured on nutrient agar and then on blood agar. The colony exhibited the
ability to decompose blood, producing a transparent alpha-green spore around
the colony. It was then cultured on its own medium, Mitis salivarius bacitracin
agar (MSBA), and several biochemical and microscopic tests were performed.

Table (1): Percentage of tooth decay, number of S. mutans bacterial
isolates according to sex

Tooth
Male 57 57 | decay | 57 57
Tooth
Female 43 43 | decay | 43 43 0.3 0.82
Total %100 | %100 | Total | 100 | %100
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Percentage of tooth decay, number of S. mutans bacterial isolates according to

age group

The samples were taken from individuals aged 10 to 65 years of age, of both sexes,
between July 2025 and January 2026. The results of the current study show that the
most susceptible to tooth decay in 21-30 and 31-40 age group, representing a
percentage of 32% and 31% respectively . While the least susceptible to tooth decay
in 41-50, 51-60 and >65 age group, representing a percentage of 9%, 8% and 5%
respectively as in Table (2). Statistical analysis showed P value 0.01 a highly
significant difference between age groups in the incidence of tooth decay,
specifically regarding the relationship between the number of isolates and age

groups.

Table (2): Percentage of tooth decay and number of S. mutans isolates by

age group

15 15
10-20
21-30 32 32
31-40 31 31
41-50 9 9
51-60 8 8
>65 5 5
Total 100 100
X2 14.6
P value 0.01

Percentage of tooth decay, number of S. mutans bacterial isolates according
to smokers and oral and dental hygiene
The results of the current study show the distribution number of S. mutans of
dental caries cases among smokers. The highest incidence of the disease was
among smokers (62%), while the lowest incidence was among non-smokers
(38%). As well as according to oral and dental hygiene recorded that (35%),
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while not interested in oral and dental hygiene recorded that (65%) as shown in
Table 3. Statistical analysis showed P value 0.001 a highly significant difference
between age groups in the incidence of tooth decay.

Table (3): Percentage of tooth decay and number of S. mutans isolates
according to smokers and oral and dental hygiene

Total=100 Total=100
NO. 62 38 35 65
% 62 38 35 65
X2 52.41 36.78
P value 0.001 0.001

Antibiotic Sensitivity of S. mutans

The test results showed a clear variation in the pattern of sensitivity and resistance
to antibiotics. S. mutans total number of samples: 45 isolates of S. mutans
exhibited complete resistance (100%) to Ampicillin, Azithromicin, Cifotaxime,
Cefixime, Erythromycin, Meropenem and Nitroflorantion. Most bacterial isolates
also showed high resistance to more than one antibiotic [15]. The widespread and
indiscriminate use of many antibiotics in treating bacterial infections has
contributed to an increase in resistance rates. Isolates showed sensitivity to
Amikacin (80%), Imipenem (89%), and Augmentin (91%). Resistance to
Amoxicillin  (91%) and Gentamicin (89%), Ciprofloxacin  (76%), and
Streptomycin (96%)was moderate. (Table 4).
Table (4): Susceptibility of (45) S. mutans isolates to antibiotics

Number of isolates /. Number
Resistance of isolates
Sensitive

538



Amikacin 9 720 36 807
Amoxicillin 41 791 4 97
Ampicillin 45 7100 0 7.0
Azithromicin 45 7100 0 7.0
Cifotaxime 45 %100 0 7.0
Cefixime 45 %100 0 7.0
Erythromycin 45 7100 0 7.0
Gentamicin 40 /.89 5 711
Ciprofloxacin 34 776 11 724
Imipenem 5 /11 40 /.89
Meropenem 45 7100 0 7.0
Nitroflorantion 45 7100 0 7.0
Augmentin 4 97 41 791
Streptomycin 43 96 2 /4

Figure (1): Antibiotic sensitivity test

Bacterial Diagnosis of S.mutans bacteria

Isolates grown on solid (MSA) medium after anaerobic incubation at 37°C for
48 hours showed small, elevated, irregular, and tightly packed colonies, while
isolates grown on (MSBA) medium were characterized by being 1 mm in
diameter, resembling beads or drops, and fermenting sugars, as shown in Figure

(1).
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Figure (3) of bacteria on mannitol salt agar medium to assess their activity in
mannitol fermentation and the result is positive.

Figure (3): S.mutans bacteria on mannitol salt agar medium
Microscopic Examination

The results of staining dry smears prepared from growing bacterial colonies
showed Gram-positive spherical or oval-shaped, chain-like structures arranged
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in pairs or chains (Figure 4). Bacteria stained with Gram stain. Bacteria are
Gram-positive [16].

- S.mutans

Figure (4): S. mutans bacteria under a microscope (100X)

Biochemical examinations

All bacterial isolates gave negative results for oxidase, catalase, citrate, while
positive results were obtained for indole, and Voges-Proskauer (VP), methyl red
(MR), fermentable sugars (alanine, sorbitol, sucrose, and manthol), and
trisaccharide (TSI), consistent with Salh et al., [17]. The citrate test result on
Simmons citrate agar medium. Result: Negative. Bacteria fermenting sucrose,
glucose, and fructose. A/A (Acid/Acid) no H2s no gas
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Fig. 5: Biochemical test examinations

Discussion
The results contradicted those of Al-Dulaimi [18], who explained in his study
that the number of affected females was generally higher than that of affected
males, which may be explained by their more frequent visits to hospitals and
clinics. The results also agreed with those of Khamise [1] in Najaf Governorate,
who found that the infection rate among males was 25.2% in permanent teeth,
and higher than that among females (31.2%). However, the percentage in primary
teeth was higher among males than females, at 31.8% for males and 20.4% for
females. The results also agree with those of Al-Mosawi [20] in Baghdad, where
the infection rate among males was 87% (64%), higher than the infection rate
among females, which was 34% (36%). They also agree with the results of Ketabi
etal. [21]. It showed that the level of oral health is better in females than in males.

The current results show that the 20-40 age groups is the most susceptible to
the disease. This group represents the most frequent segment of society and is
the least able to protect itself from pollutants and external factors, due to its high
consumption of sugary foods and drinks. These results differ from those of Al-
Sultani et al. [22] in Babylon Governorate, where they found the highest
incidence among children aged 5-7 years, at 94%. Abbas [23] also found that the
7-9 age group is the most affected, with rates of 80-90% for primary teeth and
60% for permanent teeth in this age group.

The over-50 age group had the lowest incidence of tooth decay at 5.4%,
likely due to their higher prevalence of diabetes and heart disease, and their lack
of referral to the specialized dental center in Baquba. These results were similar

542



Y oY sy Gualad) daall Oselall K Aaa

to those of the study by JIANG et al. [24], who found that adults had a lower
incidence of tooth decay. However, a study by Noor [25] in Baghdad showed
that the prevalence of the disease was higher among the older age group (53.9%)
than among the younger age group (14.8%).

The study's findings were similar to those of Efunwole [26], whose S. mutans
isolates showed sensitivity to the antibiotics Augmentin and Imipenem.

It also partially agreed with the results of Shamrin [27], where the isolates
showed sensitivity to the antibiotic Amikacin. These results were similar to those
found by AL-Kaziragy [28], where S. mutans exhibited high resistance to
Azithromycin, Cifotaxime, and Cefixime, and moderate resistance to Gentamicin
(89%) and Ciprofloxacin. A group of researchers [29] also found complete
resistance of the bacteria to the antibiotics Meropenem and Nitroflorantion due
to indiscriminate use of antibiotics in Iraq, particularly in Tikrit province.
study highlights a strong link between smoking, poor oral hygiene, and increased
dental caries, showing smokers (62%) and those neglecting hygiene (65%) have
higher rates, compared to non-smokers (38%) and those with good habits (35%),
aligning with research showing smoking increases cariogenic bacteria like S.
mutans and harms oral health.

Smoking is associated with a significantly higher incidence of tooth decay
compared to non-smokers [30]. Poor oral hygiene is strongly associated with
higher rates of decay compared to good oral hygiene. Streptococcus mutans
bacteria play a major role in exacerbating decay and are more prevalent among
smokers. The findings support a link between smoking and increased decay
activity through its impact on oral bacteria and the oral environment. Good oral
hygiene may reduce the risk of decay even in the presence of other risk factors.
Related studies indicate that smoking impairs oral integrity and affects tooth and
periodontal structures. There is evidence from various sources confirming that
smoking increases the factors that aggravate the oral environment and promote
decay [31].

Conclusion
1. The study showed that the highest incidence of tooth decay in males was
in the age group of 21-30 and 31-40 years, and the lowest in the age group over

50 years.
2. Streptococcus mutans bacteria is one of the causes of tooth decay.
3. The Strep.mutans bacterial isolates have the ability to exhibit multidrug

resistance to a number of antibiotics.
References

543



Y oY sy Gualad) daall Oselall K Aaa

1- Tedesco, T. K., Reis, T. M., Mello-Moura, A. C. V., Silva, G. S. D.,
Scarpini, S., Floriano, ., ... & Raggio, D. P. Management of deep caries lesions
with or without pulp involvement in primary teeth: a systematic review and
network meta-analysis. Brazilian oral research, 2020 ; 35, e004.

2- Qiu, W.,, Zhou, Y., Li, Z., Huang, T., Xiao, Y., Cheng, L., ... & Ren, B.
Application of antibiotics/antimicrobial agents on dental caries. BioMed
Research International, 2020; (1), 5658212.

3-  Bin Rahmah A. S. Socioeconomic Inequalities in Dental Caries, Doctoral
thesis, University of Manchester, Medicine and Health. 2021.
4-  Byerly, R. An investigation into child caries and creation of preventative

curriculum to decrease dental decay rates in children (Doctoral dissertation,
University of Oregon). 2021.

5- Senthil Kumar, Sangeetha, Michael DL Johnson, and Justin E. Wilson.
"Insights into the enigma of oral streptococci in carcinogenesis." Microbiology
and Molecular Biology Reviews 88.2 2024; ¢00095-23.

6-  Walker, Alejandro R., et al. "Fructose activates a stress response shared by
methylglyoxal and hydrogen peroxide in Streptococcus mutans." mBio 16.5
2025; e00485-25.

7- Shamrin, T., Khatun, M. A., Babu, M. R., Akter, T., Islam, S., & Rahman,
M. A. Comparative analysis of antibiotic sensitivity pattern in Streptococcus
mutans isolated from dental caries of different age & sex group in Dhaka city,
Bangladesh. World  Journal  of  Biology  Pharmacy and  Health
Sciences, 2024;20(1).

8- Vohrnov4a, Sandra, Jana Kozakova, and Michal Honskus. "Comparison of
Streptococcus pneumoniae isolates occurring in optochin-susceptible and
optochin-resistant  variants by analyzing whole-genome sequencing
data." Microbiology Spectrum 13.4 2025: €01939-24.

9- Sumaya Hassan Turki. A study on Streptococcus mutans bacteria isolated
from dental caries infections and a comparison of the effect of extracts of some
plants and antibiotics on this bacterium. Master's thesis. College of Science,
University of Diyala. 2018.

10- Jain, P. and Pundir, R. Dental caries- A Multifactorial Disease. J Pharm
Res , 2010; 3(6):638-654.

11-  Jawetz, Melnick & Adelberg’s. Medical Microbiology. 2013: 26th ed.
New York. 28: page 347.

12- Koneman, E.W.; Allen, S.D.; Janda, W.M.; Schreckenberger, P.C. and
Winn, W.C. Color atlas and textbook of diagnostic microbiology.6™.ed. . 2006.

544



Y oY sy Gualad) daall Oselall K Aaa

13- CLSI. Performance Standards foAntimicrobial Susce-ptibility Testing;
Twenty-Fifth Informational Supplement. Approvedstandard M100-S25.
CLSI,Wayne, PA. 2015.

14- Levesque, R. SPSS Programming and Data Management , 4th. ed .
Chicago. 2007; .522 .

15- Bush, K.; Jacoby, G.A.; and Medeirose, A.A. A Functional classification
scheme for B -lactamase and its correlation with molecular structure. Antimicrob.
Agents. Chemother. 1995; 39(6): 1211-1233.

16- Hassan, W. L., Erdeni, A. A., & Mohammed, T. K. Isolation and diagnosis
of Streptococcus mutans and Streptococcus sorbinus from patients with tooth
decay and gingivitis. Tikrit Journal of Pure Science, 2024; 29(1), 37-48.

17- Salh, A., Risan, M., & Jasim, H. Biochemical characteristics and
antibiotics susceptibility of Streptococcus mutans isolates from dental caries in
baghdad city. International Journal of Advanced Biological and Biomedical
Research, 2022; 10(1), 32-43.

18- Al-Dulaimi, Abbas Aboud, Al-Azzawi, Zainab Hussein, Al-Khashali,
Suad Khairi. Effect of Miswak plant extract on Staphylococcus aureus bacteria
isolated from patients with gingivitis. Diyala Journal of Science. 2011;Volume 7,
Issue 1.

19- Khamis, M.H. The prevalence of dental caries among 12 years old school
children in AL-Najaf governorate. Journal: KUFA MEDICAL JOURNAL , .
2010;volume 13, Issue 1.

20- AL-Mosawi. S. M. Molcular Identification of Lactobacillus Species and
their Probiotic Effects on Streptococcus mutans and Candidia albicans
Associated with Gingivitis and Periodontal Stomatitis Diseases. M.Sc Thesis.
College of Science for Women. University of Baghdad. 2014.

21-  Ketabi ,M.; Tazhibi, M. and Mohebrasool, S. The Prevalance and Risk
Factors of Gingivitis Among the Children Referred to Isfahan Islamic Azad
University (Khorasgan Branch) Dental School, In Iran. Dental Research Journal.
2006; 3(1):33-36.

22-  AL-Sultani. H.E.F. Prevalence and Severity of dental caries, Periodontal
diseases and dental erosion among (20-40) years old pregnant women in Hilla
city, Babylon governorate-Iraq. Medical Journal of Babylon: 2013; Vol 10. No2.
23-  Abbas, Hanan Fadhil. Weight gain and its relationship to caries in primary
and permanent teeth among children aged 7-9 years in Wasit Governorate, Iraq.

545



Yo sy oeelal) dasl) Osalall 2K Alaa

College of Medicine/Wasit University. Wasit Journal of Science and Medicine,
2011; Volume 4, Issue 2.

24-  JIANG, Linxin, et al. Analysis of epidemiological trends of and associated
factors for tooth loss among 35-to 44-year-old adults in Guangdong, Southern
China, 1995-2015: a population-based cross-sectional survey. BMC Oral
Health, 2023, 23.1: 74.

25-  Noor Tethsin Dhunoun, Antimicrobial and synergistic activity of some
antibiotics and nanoparticles against bacteria isolated from the mouth of people
with dental caries. 2022.

26- Efunwole, O. O., et al. "Antibiotic Resistance Profile of Biofilm Forming
Streptococcus mutans Associated with Dental Caries in Osogbo, Osun State,
Nigeria." Uniosun Journal of Engineering and Environmental Sciences. 2025;
7.1.

27-  Shamrin, T., et al. "Dental Caries-Microbiological Investigation in Patients
Attending a Dental Clinic." Molecular Mechanism Research. 2025; 3.1 8887.
28- AL-Kazirrag. S. F. The Effects of Glucan Binging Protein on
Streptococcus mutans Bioflim Formation and Determination of chemical
Inhibition . M.Sc Thesis. College of Science. University of Baghdad. 2010.

29- FUHS, Dominika T., et al. The effects of single and multiple resistance
mechanisms on bacterial response to meropenem. Clinical Microbiology and
Infection, 2024, 30.10: 1276-1283.

30- Ghanim, Layth M., and Saher Sami Gasgoos. "Dental caries in smokers
aged 2040 years in Mosul City." Majalah Kedokteran Gigi. 2025; 58.3 289-294.
31- Bouaita, Ines, et al. "Tooth Decay: Genetic and Epigenetic Insights
Driving the Development of Anti-Caries Vaccines." Genes. 2025; 16.8 952.

546



