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Antimicrobial resistance (AMR) is a growing global health concern, driven in part by widespread empirical antibiotic use that
overlooks individual biological variability. This exploratory pilot study aimed to characterize empirical prescribing practices
in outpatient settings and to examine whether community-level antimicrobial responses differ among individuals sharing the
same environment. A cross-sectional survey revealed that 97.4% of respondents had received empirically prescribed antibiotics
without prior antibiotic susceptibility testing (AST), and 38.5% reported that the prescribed antibiotics were ineffective. To
explore the potential biological variability, oral microbiota samples were assessed using community-level disk diffusion assays
with five common antibiotics. The assays revealed reproducible interindividual differences in inhibition zone diameters.
Notably, one participant consistently exhibited smaller inhibition zone diameters for ampicillin relative to the other participants,
whereas streptomycin and chloramphenicol showed relatively uniform inhibition patterns across participants. These preliminary
observations suggest that community-level antimicrobial responses may vary among individuals sharing the same environment.
Larger studies integrating microbiome characterization and rapid susceptibility methods are needed to determine the mechanisms
underlying this variability and to inform more personalized, evidence-based antimicrobial prescribing strategies.
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Introduction

Antibiotics have revolutionized modern medicine by dramat-
ically reducing morbidity and mortality associated with bac-
terial infections. However, the global rise of antimicrobial re-
sistance (AMR) has emerged as a critical public health threat.
According to a recent Global Burden of Disease (GBD) study,
bacterial AMR was directly responsible for approximately
1.14 million deaths and associated with 4.71 million deaths
worldwide in 2021. Without effective intervention, this annual
mortality toll is projected to increase sharply to 8.2 million by
20501. This alarming trend underscores the urgent need to
better understand the biological and clinical factors contribut-
ing to antibiotic treatment failure and heterogeneous treatment
outcomes2,3.

One of the major drivers of AMR is the widespread use
of empirical antibiotic prescribing, particularly in outpatient
settings where treatment is often initiated without pathogen-
specific or patient-specific diagnostic testing4,5. Although em-
pirical treatment is sometimes necessary in urgent clinical sit-
uations, it implicitly assumes that all patients will respond
similarly to a given antibiotic regimen. Such an assumption
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overlooks substantial interindividual biological variability that
can influence antimicrobial effectiveness. Host genetic fac-
tors represent one source of such variability. For example,
genetic polymorphisms affecting drug-metabolizing enzymes,
such as those in the cytochrome P450 family, can alter an-
tibiotic pharmacokinetics, including absorption, distribution,
and metabolism6–8. In addition to host genetic factors, host-
associated microbiota represents an important yet relatively
understudied determinant of interindividual variability in an-
tibiotic response. Microbiome composition is highly person-
alized and shaped by multiple factors including diet, age, im-
mune history, and environmental exposure9–11. Importantly,
substantial interindividual variation persists even among indi-
viduals living in the same household, underscoring the indi-
vidualized nature of the human oral microbiome12,13. Large
cohort and twin studies have further demonstrated that even
genetically identical individuals can maintain distinct, person-
specific microbial community signatures across adolescence
and adulthood14,15.

Despite increasing recognition of biological individuality,
antibiotic susceptibility testing (AST) is rarely performed
prior to prescribing in outpatient care due to time constraints,
costs, and limited access to rapid diagnostics16–18. As a result,
physicians often lack patient-specific biological information at
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the time of prescribing, potentially contributing to suboptimal
treatment outcomes and the continued propagation of AMR.
Therefore, it is essential to understand how individual-level bi-
ological factors shape antimicrobial response to improve pre-
scribing practice and mitigate the progression of AMR.

To explore this gap, we conducted a pilot exploratory study
integrating two complementary components: (1) a cross-
sectional survey assessing empirical prescribing practices and
perceived treatment effectiveness and (2) community-level
disk diffusion assays using oral microbiota from the same
household. The goal of this study was not to generate clinical
conclusions but to provide preliminary, hypothesis-generating
evidence of interindividual biological variability in antimicro-
bial response. Specifically, we sought to determine if per-
sonalized oral microbial communities exhibit distinct inhibi-
tion patterns, and whether this variability supports the poten-
tial need for future research toward more personalized, AST-
informed prescribing strategies.

Methods

Survey Methodology

A cross-sectional survey was conducted to assess participants’
perceptions of antibiotic effectiveness and their awareness of
antimicrobial susceptibility testing (AST). A total of 39 adult
participants aged 21 to 60 years were recruited through work-
place networks and extended family contacts using both in-
person and online outreach. The survey was administered us-
ing a structured Google Forms questionnaire accessed via a
QR code distributed either in person or through the KakaoTalk
messaging platform. The 10-item questionnaire consisted of
three sections: (1) demographic characteristics (age, gender);
(2) experiences with antibiotic prescriptions and perceived ef-
fectiveness; and (3) awareness and prior experience with AST.
All questions were closed-ended, utilized binary (yes/no) or 5-
point Likert-scale response formats. Participation was volun-
tary, and informed consent was obtained from all participants.
All survey responses were anonymized prior to analysis. The
full questionnaire is provided in Supplementary Table S1.

Oral Microbiota Sample Collection

Oral microbiota samples were collected using a standardized,
non-invasive swabbing procedure. Before sample collection,
participants rinsed their mouths with 10 mL of sterile normal
saline for 10 seconds to remove residual debris. Sterile cotton
swabs were used to collect samples from the inner buccal mu-
cosa and dorsal tongue surface using five uniform strokes at
each site.

Oral microbiota from three participants (A, B and C) were
streaked onto Mueller-Hinton agar (MHA) plates (100 mm

diameter, 4 mm thickness; Carolina Biological Supply Com-
pany, Burlington, NC, USA) using a three-directional streak-
ing method to promote uniform bacterial distribution. Plates
were incubated at 37°C for 24 h in a standard laboratory incu-
bator (no active humidity regulation) under aerobic conditions
to generate mixed polymicrobial growth characteristic of each
participant.

Preparation of Community-Level Microbial Suspensions

After 24 h, all visible colonies from each participant’s plate
were gently scraped and resuspended in 500 µL of phosphate-
buffered saline (PBS; pH 7.2; Thermo Fisher Scientific,
Waltham, MA, USA). Suspensions were vortexed for 10 sec-
onds to homogenize the microbial mixture. Inoculum turbid-
ity was visually adjusted to achieve comparable opacity across
participants. Subsequently, 100 µL of each suspension was
evenly spread onto fresh MHA plates and allowed to air-dry
for 3–5 minutes prior to antimicrobial susceptibility testing.

Antibiotic Susceptibility Testing (Disk Diffusion Assay)

Antimicrobial susceptibility was assessed using the Kirby-
Bauer disk diffusion method, following Clinical and Labora-
tory Standards Institute (CLSI) guidelines where applicable
for disk diffusion methodology. Five commonly used antibi-
otics were tested: ampicillin (10 µg), tetracycline (30 µg),
streptomycin (10 µg), penicillin G (10 units), and chloram-
phenicol (30 µg) (6mm antibiotic disk; Carolina Biological
Supply Company, Burlington, NC, USA). Antibiotic disks
were placed on the inoculated agar surface in a randomized
arrangement using a sterile disk dispenser, with a minimum
spacing of 20 mm to prevent overlapping inhibition zones.
Plates were incubated at 37°C for 24 h in a standard labo-
ratory incubator (no active humidity regulation) under aerobic
conditions. Each antibiotic susceptibility assay was indepen-
dently performed three times using freshly prepared microbial
suspensions, yielding three independent biological replicates
per antibiotic and participant (n = 3). For each biological
replicate, inhibition zone diameters were measured at four di-
rections around each antibiotic disk and averaged to obtain a
single value per plate. Because this assay involved mixed oral
microbial communities rather than isolated strains, CLSI inter-
pretive categories (Susceptible/Intermediate/Resistant) were
not applied. All measurements were interpreted only as rel-
ative differences in inhibition zone diameters.

Data Collection and Statistical Analysis

Inhibition zone diameters are represented as mean ± standard
error (SE) calculated from three independent biological repli-
cates (n = 3). Raw directional inhibition zone measurements
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for each antibiotic and participant are provided in Supplemen-
tary Table S2. Due to the pilot and exploratory nature of the
study and the limited number of independent biological repli-
cates (n = 3), inferential statistical testing (e.g., ANOVA, t-
test) was not performed. Instead, all data are presented de-
scriptively to illustrate the magnitude and reproducibility of
interindividual differences observed across independent ex-
periments.

Ethical Statement

This study involved anonymous survey responses and non-
invasive oral swab collection, without the collection of iden-
tifiable personal or health information. All procedures
were conducted in accordance with standard guidelines for
minimal-risk human research. Informed consent was obtained
from all participants prior to data collection, and all survey
and microbiological data were anonymized before analysis.
Because the study was exploratory and nonclinical, and in-
volved minimal risk with anonymized data collection, it was
considered exempt from formal institutional review. There-
fore, formal IRB was not sought.

Results

Survey Findings

A total of 39 adults (aged 21–60 years; mean ± SE: 39.8 ±
1.7) with prior antibiotic use participated in the survey. Par-
ticipants were recruited through workplace networks and on-
line distribution, as described in the Methods. Among respon-
dents, 97.4% (n = 38) reported receiving antibiotics without
prior antimicrobial susceptibility testing (AST), and 38.5%
(n = 15) reported that the prescribed antibiotic was ineffec-
tive, defined as a lack of symptom improvement, and 12.8%
(n = 5) reported requesting a change in medication due to
perceived treatment failure. Although 74.4% of respondents
reported awareness of antimicrobial resistance (AMR), only
38.5% (n = 15) believed that physicians consider individual
biological traits when prescribing antibiotics (Table 1). Col-
lectively, these results suggest empirical antibiotic prescribing
is nearly universal among respondents and that patients per-
ceive a significant lack of individual biological consideration
in outpatient care.

Interindividual Differences in Cultured Oral Microbiota

Oral microbiota cultured on Mueller-Hinton agar revealed vi-
sually distinct growth patterns across samples A, B, and C
despite shared genetic and household environments (Figure
1). Sample A showed dense bacterial growth with highly
heterogeneous colony morphologies, including several large

mucoid-like colonies. Sample B showed fewer colonies with
relatively uniform morphologies, whereas sample C displayed
numerous small and evenly distributed colonies. Collectively,
these distinct macroscopic characteristics indicate substantial
person-specific heterogeneity in oral microbiota composition,
even among individuals sharing genetics and the same house-
hold environment.

Interindividual Variation in Antimicrobial Susceptibility

Visually standardized community-level microbial suspensions
were prepared from each participant’s oral microbiota prior to
susceptibility testing (Figure 2).

Disk diffusion assays revealed reproducible interindividual
differences in inhibition zone diameters for ampicillin, peni-
cillin G, and tetracycline (Table 2, Figure 3 and 4). Sample
A showed consistently smaller inhibition zones for ampicillin
(8.7 ± 0.9 mm) relative to sample B (14.3 ± 2.3 mm) and C
(13.8 ± 0.6 mm). Similar patterns were observed for peni-
cillin G (A: 6.0 ± 0.0 mm; B: 9.5 ± 2.6 mm; C: 11.0 ± 1.3
mm) and tetracycline (A: 26.0 ± 1.9 mm; B: 30.2 ± 3.3 mm;
C: 34.2 ± 2.7 mm). In contrast, streptomycin and chloram-
phenicol exhibited relatively uniform inhibition zone across
all three samples.

These inhibition patterns were consistent across three inde-
pendent weekly biological replicates, indicating that the ob-
served differences are likely due to participant-specific mi-
crobial profiles rather than week-to-week variability. Because
these assays were conducted using mixed oral microbial com-
munities rather than isolated strains, the inhibition zones rep-
resent relative community-level response, and CLSI clinical
interpretive categories (Susceptible/Intermediate/Resistant)
were not applied. Together, these results provide exploratory
evidence of interindividual variability in antimicrobial re-
sponse at the community level.

Discussion

This pilot exploratory study suggests that interindividual dif-
ferences in community-level antimicrobial response may be
observed even among individuals living in the same house-
hold. Although the experimental sample size (N = 3) was
small, the reproducible inhibition-zone patterns observed
across three weekly biological replicates suggest that the dif-
ferences are unlikely to be solely attributable to procedural
variation and likely reflex underlying biological variability.
These observations are consistent with prior microbiome re-
search demonstrating that oral microbiota communities are
highly personalized and shaped by multiple factors, including
diet, immune history, age, environmental exposures, and host
genotype9,10,19. Furthermore, substantial person-specific vari-
ation is known to persist even among individuals sharing sim-
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Table 1 Summary for self-reported antibiotic prescription experience

Variable Response n (%)

Participant Characteristics
Total participants 39 (100)
Age (years) Mean ± SE 39.79 ± 1.73
Gender Male 26 (66.7)

Female 13 (33.3)

Antibiotic prescription experiences
Have you ever taken antibiotics Yes 39 (100)
Received antibiotics without prior AST Yes 38 (97.4)
Prescribed antibiotic perceived as ineffective Yes 15 (38.5)
Requested change in antibiotic due to ineffectiveness Yes 5 (12.8)
Had undergone AST prior to antibiotic prescription Yes 1 (2.6)

Awareness and perceptions
Awareness of antimicrobial resistance Yes 29 (74.4)
Believed physicians consider individual physiological traits when prescribing antibiotics Yes 15 (38.5)

*AST, antimicrobial susceptibility test; Ineffective: defined as a lack of symptom improvement.

Fig. 1 Representative image of community-level oral microbiota cultured from samples (A, B, and C). Oral microbiota was cultured on
Mueller-Hinton agar (MHA) and incubated at 37°C for 24 h under aerobic conditions. Scale bar = 6mm.

ilar household environments12–14. Collectively, these findings
indicate that individual microbial ecology may contribute to
measurable differences in community-level antimicrobial re-
sponsiveness.

The cross-sectional survey provides complementary real-
world context by characterizing how empirical prescribing
is practiced in outpatient settings, whereas the experimental
findings suggest potential biological variability. The majority
of participants (97.4%) reported receiving empirical antibi-
otic treatment without prior AST, and 38.5% perceived their
prescribed antibiotic as ineffective. Although these percep-
tions are self-reported and cannot be clinically validated in this

study, they are consistent with national reports demonstrating
widespread empirical prescribing and frequent inappropriate
antibiotic use in outpatient settings3,4. Collectively, these ob-
servations underscore that patient-specific biological variabil-
ity may not be routinely considered at the time of treatment
selection.

The disk diffusion assays revealed reproducible participant-
specific inhibition zone patterns, particularly for ampicillin
and penicillin G, across three independent weekly biological
replicates, while streptomycin and chloramphenicol exhibited
relatively uniform inhibition zones across participants. This
observed variability aligns with previous studies demonstrat-
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Table 2 Disk Diffusion test for five antibiotics against community-level oral microbiota.

Antibiotic Inhibition zone (mm ± SE)

A B C

Ampicillin (AMP10, 10 µg) 8.7 ± 0.9 14.3 ± 2.3 13.8 ± 0.6
Tetracycline (T30, 30 µg) 26.0 ± 1.9 30.2 ± 3.3 34.2 ± 2.7
Streptomycin (S10, 10 µg) 18.5 ± 1.2 15.7 ± 1.1 17.0 ± 1.8
Penicillin (P10, 10 U) 6.0 ± 0.0 9.5 ± 2.6 11.0 ± 1.3
Chloramphenicol (C30, 30 µg) 23.7 ± 1.2 25.3 ± 0.4 27.7 ± 0.3
Blank Disk (Control) 6 ± 0 6 ± 0 6 ± 0

*Values represent mean ± standard error (SE) from three independent weekly biological replicates (n = 3). Assays were
conducted using mixed oral microbial communities, not isolated strains; therefore, CLSI susceptible/intermediate/resistant

interpretive breakpoints do not apply. Inhibition zones reflect relative, community-level antimicrobial response under
standardized aerobic incubation conditions (37°C, 24 h)

Fig. 2 Visually standardized microbial suspensions prepared from
oral microbiota samples. After 24 h incubation of the initial culture
plates, all visible colonies were scraped and resuspended in
phosphate-buffered saline (PBS) and vortexed for homogenization.
Turbidity was visually standardized to achieve comparable opacity
across participants. These community-level suspensions were
subsequently used for disk diffusion testing.

ing that microbial community composition influence antimi-
crobial efficacy20, that metabolic interactions can modulate
antibiotic tolerance within mixed-species communities21, and
that resistant subpopulations can provide protective buffering
to susceptible taxa during antibiotic exposure22. Collectively,
these established mechanisms offer a plausible biological ex-
planation for the interindividual variability in community-
level antimicrobial responses observed in this pilot study.

Several methodological limitations should be considered
when interpreting these findings. First, the disk diffusion as-
says were performed on mixed microbial community suspen-

sions rather than isolated strains; therefore, the measured in-
hibition zones represent relative community-level responsive-
ness and cannot be interpreted using CLSI-defined suscepti-
bility categories. Second, the inoculum turbidity was visually
standardized rather than calibrated to a McFarland standard,
which may introduce variability in bacterial density. Third, all
assays were conducted under aerobic conditions, limiting the
detection of obligate anaerobic taxa that comprise a substan-
tial portion of the oral microbiota. Finally, molecular analyses
such as rRNA sequencing or shotgun metagenomics were not
performed to identify specific taxa or resistance genes, further
constraining mechanistic interpretation.

Despite these limitations, the reproducibility of participant-
specific inhibition patterns across independent replicates sug-
gests that individualized microbial community features may
contribute heterogeneous antimicrobial responses. Future
studies incorporating CFU normalization, controlled anaer-
obic and aerobic culture conditions, sequencing-based mi-
crobial profiling, and host pharmacogenomic characterization
will be essential for elucidating the microbial and host de-
terminants of individual antimicrobial responses18,23,24. As
rapid diagnostic technologies become increasingly accessible,
such approaches may ultimately support the development of
more personalized, evidence-based antimicrobial stewardship
strategies that better align treatment decisions with patient-
specific biological variability.
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A. Mohess, K. Becker, J. P. Hays, N. Woodford, K. Mitsakakis, J. Moran-
Gilad, J. Vila, H. Peter, J. H. Rex, W. M. Dunne and JPIAMR AMR-
RDT Working Group on Antimicrobial Resistance and Rapid Diagnostic
Testing, Nature Reviews. Microbiology, 2019, 17, 51–62.

24 L. Radlinski and B. P. Conlon, Current Opinion in Microbiology, 2018,
42, 19–24.

© The National High School Journal of Science 2026 | 7



8 | © The National High School Journal of Science 2026


