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Abstract
Background

Antibiotic resistance is a global health concern, yet research on the identities and proportions of antibiotic-
resistant bacteria in the oral microflora of healthy children remains limited. These resistant bacteria could
play a role in various conditions, such as dental infections, periodontitis, or systemic infections following
dental procedures, particularly in immunocompromised individuals. This study aimed to assess the
prevalence, proportions, and identities of antibiotic-resistant bacteria in the oral microflora of healthy
children.

Methodology

This cross-sectional study, conducted from January to December 2023 across three tertiary care hospitals in
Peshawar, Pakistan, involved 364 healthy children aged 7-13 years. Data on antibiotic use were collected via
structured interviews and medical records, detailing specific antibiotics (e.g., amoxicillin, ceftriaxone,
azithromycin), including dosage, duration, and reason for use. Oral swabs were taken from various sites in
the oral cavity using sterile techniques and analyzed using microbiological culture methods and polymerase
chain reaction to identify antibiotic-resistant bacteria. Statistical analysis was performed with SPSS version
27.0, utilizing chi-square tests to explore associations between demographic factors and resistance patterns,
with significance set at p < 0.05.

Results

Significant proportions of antibiotic use were found among the participants: 172 (47.25%) received
penicillins, 91 (25.00%) cephalosporins, and 101 (27.75%) macrolides, with associated side effects including
gastrointestinal disorders and allergic responses. Age and gender differences were observed in antibiotic
resistance proportions: among 7-9-year-olds, resistance to penicillins was 44 (18.33%), to cephalosporins 29
(12.08%), and to macrolides 33 (13.75%). In contrast, among 10-13-year-olds, these proportions increased to
55(22.92%), 36 (15.00%), and 43 (17.92%), respectively. Male participants exhibited resistance to
cephalosporins at a proportion of 24 (10.00%), to macrolides 45 (18.75%), and to penicillin 46 (19.17%),
while female participants showed proportions of 53 (22.08%), 41 (17.08%), and 31 (12.92%), respectively.
Among oral swab locations, the buccal mucosa had the highest resistance proportions: 35 (14.58%) to
penicillins, 27 (11.25%) to cephalosporins, and 33 (13.92%) to macrolides. Specific bacterial species showed
distinct resistance patterns, with notable proportions observed in Staphylococcus aureus (n=18; 50.00%,
n=12; 33.33%, and n=6; 16.67%, respectively), Escherichia coli (n=16; 40.00%, n=10; 25.00%, and n=14;
35.00%, respectively), Enterococcus faecalis (n=29; 45.31%, n=14; 21.88%, and n=21; 32.81%, respectively),
and Klebsiella pneumoniae (n=19; 36.54%, n=13; 25.00%, and n=20; 38.46%, respectively).

Conclusions

This study focused on healthy children aged 7-13 years in Peshawar, Pakistan, to assess the prevalence and
types of antibiotic-resistant bacteria in their oral microbiota. The findings highlight resistance patterns by
age, gender, and bacterial species. However, the regional context may limit the generalizability of these
results. Differences in local antibiotic use, healthcare practices, and environmental factors could influence
resistance patterns in other regions. Future research should expand to include diverse geographic locations
to evaluate the broader applicability of these findings and identify region-specific factors affecting antibiotic
resistance.
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Introduction

The development of antibiotic resistance has become a major worldwide health issue that presents
significant obstacles to the efficient treatment of infectious illnesses [1,2]. Although most studies have
typically concentrated on antibiotic-resistant bacteria seen in systemic diseases, the oral cavity has a rich
ecology that may support the growth of these resistance strains, but it is still mostly unexplored [3]. The oral
microbiota of healthy children is a particularly interesting field of research within this niche environment
because it acts as a hotspot for microbial interactions and evolution as well as a reservoir for prospective
infections [4].

Antibiotic resistance in these children likely develops due to prior exposure to antibiotics, which can lead to
the selection and proliferation of resistant bacteria in the oral microbiota. For several reasons, it is essential
to comprehend the frequency, sizes, and identities of antibiotic-resistant bacteria in the oral microbiota of
healthy children [5]. First, understanding the fundamental makeup of the microbial communities within this
population may highlight the processes of bacterial colonization and growth. This information is essential
for identifying any changes from typical microbial profiles that may indicate the establishment or spread of
pathways for antibiotic resistance [6]. Additionally, as children are more likely than adults to come into
contact with and transfer infections in social and educational contexts, research on antibiotic resistance in
this population is essential for developing public health initiatives meant to slow the spread of resistant
strains [7].

A unique ecological niche is presented by the oral cavity, which is characterized by dynamic microbial
interactions affected by environmental exposures, oral hygiene habits, and food [8,9]. As such, examining
the frequency of antibiotic-resistant bacteria in this intricate environment requires a multidisciplinary
strategy that incorporates epidemiology, clinical research methods, and microbiology [10]. Through the
integration of sophisticated molecular approaches with conventional culture-based methodologies, scholars
may get a thorough comprehension of the variety and quantity of antibiotic-resistant strains existing in the
oral microbiota of well-nourished children [11].

Understanding the distribution of antibiotic-resistant bacteria in healthy children’s oral microflora is

crucial for directing evidence-based treatments meant to maintain the effectiveness of currently available
antimicrobial medicines, given the rising danger presented by antibiotic resistance [12]. Common oral
conditions in children, such as dental infections, abscesses, and severe periodontitis, often require antibiotic
treatment, highlighting the need for targeted interventions to mitigate resistance. Healthcare practitioners
may reduce the development of antibiotic resistance in communities by implementing targeted treatments
after identifying important reservoirs and pathways of transmission of resistant bacteria [13]. To provide the
foundation for well-informed measures to counter the growing issue of antibiotic resistance, this research
set out to examine the prevalence, quantities, and identities of antibiotic-resistant bacteria within the oral
microflora of healthy children.

Research objective

This study aimed to assess the prevalence, proportions, and identities of antibiotic-resistant bacteria in the
oral microflora of healthy children and to develop a protocol for managing cases with identified resistant
bacteria to guide future clinical practices and antimicrobial stewardship efforts.

Materials And Methods
Study design and settings

This research was conducted across three tertiary care hospitals in Peshawar, Pakistan, namely, Rehman
Medical Institute, Lady Reading Hospital, and Hayatabad Medical Complex, serving a diverse population of
the Khyber Pakhtunkhwa region. A cross-sectional design was utilized, with the pediatric sections of these
hospitals being the primary sites for participant recruitment and data collection. To ensure a comprehensive
representation of the target population and account for seasonal variations in antibiotic resistance patterns,
the study spanned one year, from January 2023 to December 2023. Efforts were made to include children who
may not frequently visit hospitals by conducting outreach programs and collaborating with local clinics to
identify eligible participants.

Inclusion and exclusion criteria

The study included healthy children aged 7 to 13 years, with informed consent obtained from their
guardians. Children with systemic diseases or medical conditions affecting the oral microbiome were
excluded, as were those who had taken antibiotics within the three months before the study. Additionally,
participants who were unable or unwilling to provide informed consent were excluded. To analyze seasonal
variations, data were categorized by season (winter, spring, summer, fall) and statistical comparisons were
made to detect any significant differences in antibiotic resistance patterns across these periods. In addition
to the exclusion criteria, participants were assessed for health status through a brief medical history review
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and a clinical examination by pediatricians to confirm the absence of systemic diseases or conditions
affecting the oral microbiome.

Sample size

According to the projected prevalence rates of antibiotic-resistant bacteria in comparable groups, the 364-
participant sample size was calculated with a 5% margin of error and a targeted 95% confidence level. The
goal of this sample size was to have enough statistical power to identify significant variations in the study
population’s patterns of antibiotic resistance.

Data collection

During their hospital stay, guardians of the participants who met the inclusion criteria were contacted,
briefed about the study, and informed permission was obtained (appendices). Healthcare personnel with
training obtained oral swabs from all participants by using sterile procedures and following normal
guidelines. To get a representative sample of the oral microflora, swabs were obtained from many areas of
the oral cavity, such as the tongue, gingival crevices, and buccal mucosa. The study included structured
interviews and a review of medical records to gather data on antibiotic usage history as well as demographic
characteristics such as age, gender, and socioeconomic level. The mode of delivery of antibiotics (oral or
parenteral) was recorded to assess its impact on antibiotic resistance patterns.

Laboratory analysis

The oral swabs collected from participants were promptly transported to the microbiology laboratories at the
hospitals for thorough examination. Various microbiological culture methods were utilized, including
selective media such as MacConkey agar for isolating Gram-negative bacteria and mannitol salt agar for
detecting staphylococci. Antibiotic susceptibility testing was conducted using the disk diffusion method.
Minimum inhibitory concentrations (MICs) were also determined through broth microdilution techniques to
assess the degree of resistance. To further characterize the antibiotic-resistant bacteria, a polymerase chain
reaction was employed to identify resistance genes, and DNA sequencing was performed to analyze the
genetic profiles and resistance mechanisms. This comprehensive approach ensured a detailed assessment of
antibiotic resistance in the oral microbiota of the study participants.

Statistical analysis

The frequency, numbers, and identities of antibiotic-resistant bacteria in the oral microbiota of children in
good health were compiled using descriptive statistics in SPSS version 27.0 (IBM Corp., Armonk, NY, USA).
The study used chi-square tests to evaluate the correlation between demographic characteristics and
patterns of antibiotic resistance. Statistical significance was established at p-values <0.05.

Ethical approval

Rehman Medical Institute, Research Ethics Committee issued study approval (approval number: RMI/RMI-
REC/Article Approval/76, September 07, 2022). Guardians of the participants who met the inclusion criteria
were contacted and briefed about the study, and informed consent was obtained. The rights, security, and
privacy of research participants were guaranteed at all times by adhering to the ethical guidelines specified
in the Declaration of Helsinki.

Results

The frequency of antibiotic classes, widely used antibiotics, patient counts, prevalence percentages, and
possible adverse effects are shown in Table I for a sample of 364 participants. Amoxicillin and penicillin VK
were among the penicillins administered to 47.25% (172 patients) of the participants; both medications have
the potential to cause adverse reactions and diarrhea. Of the participants, 25.00% (91 patients) were
administered cephalosporins, which included cephalexin and cefuroxime. The possible adverse effects of
these antibiotics include allergic reactions and gastrointestinal difficulties. Of the participants, 27.75% (101
patients) were administered macrolides such as azithromycin and clarithromycin, which have the potential
to cause allergic responses and gastrointestinal disorders.
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Antibiotic
class

Penicillins

Cephalosporins

Macrolides

Commonly used Number of patients Prevalence o
I Potential side effects
antibiotics (n) (%)
Amoxicillin, penicillin VK 172 47.25 Allergic reactions, diarrhea
Allergic reactions, gastrointestinal
Cephalexin, cefuroxime 91 25.00 ) 9 9
disturbances
Gastrointestinal disturb: , allergi
Azithromycin, clarithromycin = 101 27.75 cbieltiss il elatitiness, clels

reactions

TABLE 1: Antibiotic class prevalence in a sample of 364 individuals.

The percentages of microorganisms resistant to antibiotics by age group are shown in Figure 1. Of the 240
patients, 44 (18.33%) were resistant to penicillin, 29 (12.08%) to cephalosporins, and 33 (13.75%) to
macrolides in children 7-9 years of age. Of the 240 patients in the 10-13-year age range, 55 (22.92%) had
penicillin resistance, 36 (15.00%) cephalosporin resistance, and 43 (17.92%) macrolide resistance. These
results point to the need for age-specific antibiotic resistance management techniques by indicating a
tendency of rising resistance with age within the examined pediatric group.

® Penicillin (n) ® Penicillin (%) u Cephalosporins (1)

Cephalosporins (%) B Macrolides (n) ¥ Macrolides (%)
55

g 43
L]
=
g 36
3z
(=%
=
=
«
g 22.92
g 18.33 17.92
= 13.75 15
R 12.08 :
7-9 years Age 10-13 years

FIGURE 1: Age group-specific distribution of antibiotic-resistant
bacteria (n = 240).

The frequency of antibiotic-resistant microorganisms broken down by gender is shown in Figure 2. Male
patients showed resistance to penicillin (n = 46; 19.17%), cephalosporins (n = 24; 10.00%), and macrolides (n
=45; 18.75%). Female patients demonstrated resistance to penicillin in 53 (22.08%) of cases, cephalosporins
in 41 (17.08%), and macrolides in 31 (12.92%) of cases. These gender-based differences emphasize the need
for tailored antibiotic resistance interventions.
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u Penicillin (n) = Penicillin (%) = Cephalosporins (n) = Cephalosporins (%) ® Macrolides (n) ® Macrolides (%)
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12.92
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I— H
Male Female

Gender

FIGURE 2: Antibiotic-resistant bacteria prevalence by gender (n = 240).

The findings, as shown in Figure 3, revealed differences in the resistance levels between the locations and
patient counts. The rates of resistance found in the buccal mucosa were 35 (14.58%), 27 (11.25%), and 33
(13.92%) for penicillins, cephalosporins, and macrolides, respectively. Tongue samples showed somewhat
reduced resistance, with rates of 27 (11.25%) for penicillins, 21 (8.75%) for cephalosporins, and 36 (15.00%)
for macrolides. Gingival crevices showed resistance rates of 33 (13.75%) for penicillins, 27 (11.25%) for
cephalosporins, and 33 (13.75%) for macrolides.

45

40

Percentage
— — [3%) [3e) w w
S S & & &

N

—Penicillins (%) —Cephalosporins (%) Macrolides (%)

13.92 13.75
15
8.75

14.58 13.75

11.25

Buccal Mucosa Tongue Gingival Crevices
Oral swab site

FIGURE 3: Antibiotic-resistant bacteria prevalence by oral swab sites.

The frequency of bacteria resistant to antibiotics in the oral microbiota of children in good health is shown
in Figure 4. Overall, 48 (20.00%) patients had Streptococcus mutans, 36 (15.00%) had Staphylococcus aureus,
40 (16.67%) had Escherichia coli, 64 (26.67%) had Enterococcus faecalis, and 52 (21.67%) had Klebsiella

pneumoniae.
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Bacterial species
Streptococcus mutants (n = 48)
Staphylococcus aureus (n = 36)
Escherichia coli (n = 40)
Enterococcus faecalis (n = 64)

Klebsiella pneumoniae (n = 52)
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FIGURE 4: Identifying microbes resistant to antibiotics.

The antibiotic resistance patterns of important bacterial species are shown in Table 2, with percentages and
counts for each. With a non-significant p-value of 0.852, 50.00% of Streptococcus mutants (n = 48) showed
resistance to penicillins, 33.33% to cephalosporins, and 16.67% to macrolides. Similarly, Staphylococcus
aureus (n = 36) had p-values of 0.859 for resistance rates to penicillins, cephalosporins, and macrolides,
respectively, of 50.00%, 33.33%, and 16.67%. With a p-value of 0.618, Escherichia coli (n = 40) showed
resistance percentages to penicillins, cephalosporins, and macrolides of 40.00%, 25.00%, and 35.00%,
respectively. With a p-value of 0.122, which indicates no significant difference, Enterococcus faecalis (n = 64)
showed resistance rates of 45.31%, 21.88%, and 32.81% to penicillins, cephalosporins, and macrolides,
respectively. Finally, with a p-value of 0.480, Klebsiella pneumoniae (n = 52) showed resistance percentages
to penicillins, cephalosporins, and macrolides of 36.54%, 25.00%, and 38.46%, respectively. This suggests
that there is no discernible variation in the resistance patterns among these medications.

Penicillin (n; %) Cephalosporin (n; %) Macrolides (n; %) P-value
24 (50.00%) 16 (33.33%) 8 (16.67%) 0.852
18 (50.00%) 12 (33.33%) 6 (16.67%) 0.859
16 (40.00%) 10 (25.00%) 14 (35.00%) 0.618
29 (45.31%) 14 (21.88%) 21 (32.81%) 0.122
19 (36.54%) 13 (25.00%) 20 (38.46%) 0.480

TABLE 2: Antibiotic resistance patterns of key bacterial species.

Discussion

The results of this investigation provide important insights into the numbers, types, and frequency of
bacteria resistant to antibiotics in the oral microbiota of children in good health.

Penicillins, cephalosporins, and macrolides were prescribed, and these findings are consistent with other
investigations [5,14], which also noted that penicillins were the most often administered antibiotics in
pediatric patients. However, the fact that various antibiotic classes showed varied prescription trends is
noteworthy and suggests the need for specialized antimicrobial stewardship approaches. Furthermore, each
antibiotic class was associated with possible adverse effects, including allergic responses and
gastrointestinal difficulties, highlighting the need to use antibiotics sparingly in young populations.

Different age groups have varying amounts of antibiotic-resistant microorganisms, with a clear pattern of
resistance rising with age. The resistance rates rose among children aged 10-13 years. These results
underline the significance of age-specific treatments in the fight against antibiotic resistance by indicating
age-related changes in antibiotic susceptibility within the pediatric population under study. This is
consistent with other research showing that age plays a major role in determining an individual’s sensitivity
to antibiotics [15,16].
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Moreover, there was a gender difference in the frequency of antibiotic-resistant bacteria, with men showing
somewhat lower rates of resistance compared to women. Male patients exhibited resistance to penicillin in
46 cases, cephalosporins in 24 cases, and macrolides in 45 cases. Female patients demonstrated resistance to
penicillin in 53 cases, cephalosporins in 41 cases, and macrolides in 31 cases. Previous studies have shown a
gender differential in antibiotic resistance patterns, potentially linked to hormonal, immunological, and
behavioral differences between males and females [17,18]. Hormonal fluctuations might affect immune
responses and lead to variations in resistance patterns, while differing antibiotic usage behaviors may also
contribute to these observed differences.

The buccal mucosa showed the highest rates of resistance among the examined locations, with resistance
found in 13 cases for macrolides, 11 cases for cephalosporins, and 14 cases for penicillins. The tongue
samples had somewhat lower resistance, with 11 cases for penicillins, 8 cases for cephalosporins, and 15
cases for macrolides. Gingival crevices showed resistance rates of 13 cases for penicillins, 11 cases for
cephalosporins, and 13 cases for macrolides. These results align with previous research indicating that the
buccal mucosa is a key site for microbial colonization and biofilm production [19,20]. The stable
environment of the buccal mucosa supports the growth of bacteria, including those that develop and sustain
antibiotic resistance. Its complex microenvironment, including interactions with saliva and exposure to oral
health products, may contribute to the persistence of resistant strains. Understanding this can help in
developing targeted strategies for managing oral microbial resistance.

Patterns of antibiotic resistance in key bacterial species showed varying resistance levels to different
antibiotic classes. Streptococcus mutans (n = 48) had non-significant p-values of 0.852 with resistance
observed in 24 cases for penicillins, 16 cases for cephalosporins, and 8 cases for macrolides. Staphylococcus
aureus (n = 36) showed similar p-values of 0.859 with resistance in 18 cases for penicillins, 12 cases for
cephalosporins, and 6 cases for macrolides. These findings emphasize the need for focused antimicrobial
stewardship strategies, including targeted antibiotic use and improved infection control practices, to
effectively combat the spread of resistant strains, as highlighted by Helmy et al. [21].

Strengths and limitations

One of the main strengths of this study is its detailed examination of antibiotic-resistant bacteria among a
diverse sample of healthy children utilizing a robust cross-sectional design across multiple hospitals. This
approach provides valuable insights into age and gender differences in resistance patterns, which are critical
for developing targeted interventions. Additionally, the integration of advanced molecular techniques with
traditional microbiological methods enhances the reliability of the results.

However, a notable limitation is the exclusion of children who had recently taken antibiotics, which could
potentially skew the observed prevalence rates. Despite this limitation, the research significantly advances
our understanding of the role of oral microbiota in antibiotic resistance, highlighting the need for age-
specific and gender-specific strategies in antimicrobial stewardship. To better understand the applicability
of our findings beyond Peshawar, we recommend that future research include diverse geographical areas
within Pakistan and internationally. Comparative studies could help determine how the observed
phenomena vary across different contexts and identify factors that may affect the generalizability of the
results.

Conclusions

This study on 364 healthy children in Peshawar revealed significant antibiotic resistance in oral bacteria,
with notable differences by age, gender, and bacterial species. Resistance rates were higher in children aged
10-13 years compared to those aged 7-9 years, with proportions of 22.92% vs. 18.33% for penicillins, 15.00%
vs. 12.08% for cephalosporins, and 17.92% vs. 13.75% for macrolides. Males showed resistance rates of
19.17% for penicillins and 18.75% for macrolides, while females had 12.92% and 17.08%, respectively. The
buccal mucosa had the highest resistance proportions: 14.58% to penicillins, 11.25% to cephalosporins, and
13.92% to macrolides. These findings, while critical, are geographically limited to Peshawar and may not be
generalizable to other regions due to local variations in antibiotic use and healthcare practices. Future
studies should include diverse geographic areas to assess the broader applicability of these results.

Appendices
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Category Question

What is the child’s age?

Demographic . X
What is the child’s gender?

information

How many family members live in the household?

Has the child attended school in the past year?

Has the child taken any antibiotics in the past six months?
Health and medical If yes, please specify the antibiotic(s) taken and the duration of the
history course.

Does the child have any chronic health conditions?

If yes, please specify the condition(s).

How often does the child brush their teeth?

Hygiene practices
Y9 P Does the child use mouthwash regularly?

Does the child use fluoride toothpaste?

Dietary habits How often does the child consume sugary foods or drinks?

Is there any family member who has been diagnosed with a bacterial
infection recently?

If yes, please specify the bacterial species.
Bl B Does the child have access to clean drinking water at home?
Is the child exposed to second-hand smoke?
Does the child have access to regular dental care?
What is the socioeconomic status of the family?
| understand the purpose of this study and consent to participate.
Date:
Informed consent

Signature of Parent/Guardian:

Name of Parent/Guardian (Optional):

TABLE 3: Questionnaire.

Options

Male, Female

Yes, No

Yes, No

Yes, No

Twice daily, Once daily, Occasionally,

Never
Yes, No
Yes, No

Frequently, Occasionally, Rarely,
Never

Yes, No

Yes, No
Yes, No
Yes, No
Low, Middle, High

Yes, No

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the

work.

Concept and design: Misbah Igbal Hanif, Sher Ahmad Sher, Farzeen Khan

Acquisition, analysis, or interpretation of data: Misbah Igbal Hanif, Haris Khan, Nisar Ahmad Zemawal,

Afiyat Ahmad, Farzeen Khan, Muhammad Humayun Daftani

Critical review of the manuscript for important intellectual content: Misbah Igbal Hanif, Haris Khan,
Sher Ahmad Sher, Nisar Ahmad Zemawal, Afiyat Ahmad, Farzeen Khan, Muhammad Humayun Daftani

Drafting of the manuscript: Haris Khan, Sher Ahmad Sher, Nisar Ahmad Zemawal, Afiyat Ahmad,

Muhammad Humayun Daftani

2024 Khan et al. Cureus 16(8): e67277. DOI 10.7759/cureus.67277

8of9



Cureus

Part of SPRINGER NATURE

Supervision: Farzeen Khan

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Rehman Medical
Institute, Research Ethics Committee issued approval RMI/RMI-REC/Article Approval/76, September 07,

2022. Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from

any organization for the submitted work. Financial relationships: All authors have declared that they have

no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hogberg LD, Heddini A, Cars O: The global need for effective antibiotics: challenges and recent advances .
Trends Pharmacol Sci. 2010, 31:509-15. 10.1016/j.tips.2010.08.002

Aslam B, Wang W, Arshad MI, et al.: Antibiotic resistance: a rundown of a global crisis . Infect Drug Resist.
2018, 11:1645-58. 10.2147/IDR.S173867

Dahlquist-Axe G, Standeven FJ, Speller CF, Tedder A, Meehan CJ: Inferring diet, disease and antibiotic
resistance from ancient human oral microbiomes. Microb Genom. 2024, 10:001251. 10.1099/mgen.0.001251
Horve PF, Lloyd S, Mhuireach GA, et al.: Building upon current knowledge and techniques of indoor
microbiology to construct the next era of theory into microorganisms, health, and the built environment. ]
Expo Sci Environ Epidemiol. 2020, 30:219-35. 10.1038/s41370-019-0157-y

Ready D, Bedi R, Spratt DA, Mullany P, Wilson M: Prevalence, proportions, and identities of antibiotic-
resistant bacteria in the oral microflora of healthy children. Microb Drug Resist. 2003, 9:367-72.
10.1089/107662903322762806

Baquero F, Tedim AP, Coque TM: Antibiotic resistance shaping multi-level population biology of bacteria .
Front Microbiol. 2013, 4:15. 10.3389/fmich.2013.00015

Majumder MA, Rahman S, Cohall D, Bharatha A, Singh K, Haque M, Gittens-St Hilaire M: Antimicrobial
stewardship: fighting antimicrobial resistance and protecting global public health. Infect Drug Resist. 2020,
13:4713-38. 10.2147/IDR.S290835

Sedghi L, DiMassa V, Harrington A, Lynch SV, Kapila YL: The oral microbiome: role of key organisms and
complex networks in oral health and disease. Periodontol 2000. 2021, 87:107-31. 10.1111/prd.12393

Freire M, Nelson KE, Edlund A: The oral host-microbial interactome: an ecological chronometer of health? .

Trends Microbiol. 2021, 29:551-61. 10.1016/j.tim.2020.11.004

Adegoke AA, Faleye AC, Singh G, Stenstrom TA: Antibiotic resistant superbugs: assessment of the
interrelationship of occurrence in clinical settings and environmental niches. Molecules. 2016, 22:29.
10.3390/molecules22010029

Cason C, D'Accolti M, Soffritti I, Mazzacane S, Comar M, Caselli E: Next-generation sequencing and PCR
technologies in monitoring the hospital microbiome and its drug resistance. Front Microbiol. 2022,
13:969863. 10.3389/fmicbh.2022.969863

Muteeb G, Rehman MT, Shahwan M, Aatif M: Origin of antibiotics and antibiotic resistance, and their
impacts on drug development: a narrative review. Pharmaceuticals (Basel). 2023, 16:1615.
10.3390/ph16111615

Llor C, Bjerrum L: Antimicrobial resistance: risk associated with antibiotic overuse and initiatives to reduce
the problem. Ther Adv Drug Saf. 2014, 5:229-41. 10.1177/2042098614554919

Ready D, Lancaster H, Qureshi F, Bedi R, Mullany P, Wilson M: Effect of amoxicillin use on oral microbiota
in young children. Antimicrob Agents Chemother. 2004, 48:2883-7. 10.1128/AAC.48.8.2883-2887.2004
Adam HJ, Baxter MR, Davidson RJ, et al.: Comparison of pathogens and their antimicrobial resistance
patterns in paediatric, adult and elderly patients in Canadian hospitals. ] Antimicrob Chemother. 2013, 68
Suppl 1:i31-7. 10.1093/jac/dkt024

Fanelli U, Chiné V, Pappalardo M, Gismondi P, Esposito S: Improving the quality of hospital antibiotic use:
impact on multidrug-resistant bacterial infections in children. Front Pharmacol. 2020, 11:745.
10.3389/fphar.2020.00745

Cizman M: The use and resistance to antibiotics in the community . Int ] Antimicrob Agents. 2003, 21:297-
307.10.1016/s0924-8579(02)00394-1

Jacobs MR: Worldwide trends in antimicrobial resistance among common respiratory tract pathogens in
children. Pediatr Infect Dis J. 2003, 22:5109-19. 10.1097/00006454-200308001-00002

Palma TH, Harth-Chu EN, Scott ], et al.: Oral cavities of healthy infants harbour high proportions of
Streptococcus salivarius strains with phenotypic and genotypic resistance to multiple classes of antibiotics.
] Med Microbiol. 2016, 65:1456-64. 10.1099/jmm.0.000377

Caselli E, Fabbri C, D'Accolti M, Soffritti I, Bassi C, Mazzacane S, Franchi M: Defining the oral microbiome

by whole-genome sequencing and resistome analysis: the complexity of the healthy picture. BMC Microbiol.

2020, 20:120. 10.1186/512866-020-01801-y

Helmy AK, Sidkey NM, El-Badawy RE, Hegazi AG: Emergence of microbial infections in some hospitals of
Cairo, Egypt: studying their corresponding antimicrobial resistance profiles. BMC Infect Dis. 2023, 23:424.
10.1186/s12879-023-08397-4

2024 Khan et al. Cureus 16(8): €67277. DOI 10.7759/cureus.67277

90f9


https://dx.doi.org/10.1016/j.tips.2010.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.tips.2010.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S173867?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S173867?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/mgen.0.001251?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/mgen.0.001251?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41370-019-0157-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41370-019-0157-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/107662903322762806?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/107662903322762806?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmicb.2013.00015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmicb.2013.00015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S290835?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/IDR.S290835?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/prd.12393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/prd.12393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.tim.2020.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.tim.2020.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules22010029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules22010029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmicb.2022.969863?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fmicb.2022.969863?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ph16111615?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ph16111615?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2042098614554919?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2042098614554919?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/AAC.48.8.2883-2887.2004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/AAC.48.8.2883-2887.2004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/jac/dkt024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/jac/dkt024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fphar.2020.00745?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fphar.2020.00745?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0924-8579(02)00394-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0924-8579(02)00394-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00006454-200308001-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00006454-200308001-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/jmm.0.000377?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/jmm.0.000377?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12866-020-01801-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12866-020-01801-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-023-08397-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-023-08397-4?utm_medium=email&utm_source=transaction

	Prevalence, Proportions, and Identities of Antibiotic-Resistant Bacteria in the Oral Microflora of Healthy Children
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Research objective

	Materials And Methods
	Study design and settings
	Inclusion and exclusion criteria
	Sample size
	Data collection
	Laboratory analysis
	Statistical analysis
	Ethical approval

	Results
	TABLE 1: Antibiotic class prevalence in a sample of 364 individuals.
	FIGURE 1: Age group-specific distribution of antibiotic-resistant bacteria (n = 240).
	FIGURE 2: Antibiotic-resistant bacteria prevalence by gender (n = 240).
	FIGURE 3: Antibiotic-resistant bacteria prevalence by oral swab sites.
	FIGURE 4: Identifying microbes resistant to antibiotics.
	TABLE 2: Antibiotic resistance patterns of key bacterial species.

	Discussion
	Strengths and limitations

	Conclusions
	Appendices
	TABLE 3: Questionnaire.

	Additional Information
	Author Contributions
	Disclosures

	References


