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ABSTRACT

CECGILCELCWAME The microbial flora colonizing the pilosebaceous unit plays a crucial role in maintaining skin health
and homeostasis. This study aimed to isolate, identify, and evaluate the biofilm-forming capacity of bacterial strains derived
from the pilosebaceous follicles of healthy human facial skin.

WEWEIREN MY S TER Facial sebum samples were collected from 15 healthy volunteers. Bacterial strains were isolated
and cultured under anaerobic conditions. Species identification was performed using 16S rRNA gene sequencing. The
biofilm-forming ability of the isolates was quantified using the crystal violet staining assay.

m A total of 22 bacterial strains were isolated, predominantly Gram-positive, nonmotile, and morphologically
characterized as rod-shaped (20/22) or coccoid (2/22). Colonies appeared opaque and white, with diameters ranging from
0.5 to 1.5 mm. Biochemical profiling showed that most isolates were catalase positive (18/22) and gelatinase positive
(20/22), while the majority were oxidase negative (18/22). Three isolates exhibited lipase activity, and eight demonstrated
hemolysin production. Based on 16S rRNA gene sequencing, Cutibacterium was identified as the dominant genus, with C.
acnes accounting for 68% of the isolates. Biofilm assays revealed variability among C. acnes strains, with isolates Hn15-2,
Hn4, and Hn13 displaying strong biofilm-forming capacity.

Healthy human facial skin harbors a diverse bacterial community, predominantly composed of Cutibacterium
acnes. Notably, several C. acnes isolates demonstrated substantial biofilm-forming ability, suggesting potential implications
for skin microbiome stability and pathogenicity.
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1. Introduction

he skin serves as both a physical barrier microenvironments  that influence  microbial
and a habitat for a diverse microbial colonization. Regional differences in temperature,
ecosystem (1). Variations in skin structure humidity, sebaceous gland density, and pH create
and physiology generate distinct unique ecological niches across the body (1, 2).
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Microbial colonization begins at birth, with the
initial composition influenced by the mode of delivery.
Over time, the skin microbiota is shaped by intrinsic
factors (such as body site, interindividual and
intraindividual variation, ethnicity, sex, and age) and
extrinsic factors (including lifestyle, hygiene practices,
cosmetic use, antibiotic exposure, geography, climate,
and seasonality) (3, 4). The skin microbiota interacts
dynamically both within its microbial communities
and with the host. Therefore, understanding and
maintaining the delicate equilibrium between the skin
and its microbiota are essential for elucidating
mechanisms that sustain cutaneous health, where
microorganisms play an active and functional role (5,
6).

The skin microbiome is dominated by four major
bacterial phyla: Actinobacteria, Firmicutes,
Proteobacteria, and Bacteroidete (7). Dry, salty, and
slightly acidic regions (e.g., forearms, hands, and feet)
support only extremotolerant species, whereas
sebum-rich areas such as the face, back, and chest,
particularly the pilosebaceous follicles, provide a lipid-
rich, anaerobic environment that favors the growth of
lipophilic bacteria such as Cutibacterium acnes (4, 8).

Among these microorganisms, C. acnes is a
commensal bacterium essential for maintaining skin
homeostasis; it regulates lipid metabolism and inhibits
opportunistic pathogens through nutrient
competition and antimicrobial production (9).
However, dysbiosis or immune dysregulation can
convert this commensal into an opportunistic
pathogen. Notably, C. acnes forms biofilms that
enhance persistence by evading host immune
responses and reducing antibiotic susceptibility (10-
12).

Antimicrobial resistance further complicates
management of C. acnes—associated infections.
Skadins et al (13) in 2021 reported concerning
resistance rates among C. acnes isolates from acne
patients, 21.4% to clindamycin and 28.6% to
erythromycin. Most existing studies focus on C. acnes
isolated from acne lesions, with limited attention to its
biological characteristics within  healthy skin
microbiota. Characterizing the microbial composition
and biofilm potential of bacteria inhabiting
nonlesional, healthy skin is therefore essential for
understanding commensal equilibrium and evaluating
potential reservoirs of resistance.

In this study, we isolated and identified bacterial
species from the pilosebaceous follicles of healthy
human facial skin, emphasizing their genetic diversity
and biofilm-forming capacity. The findings aim to
contribute to a better understanding of the
physiological role of commensal C. acnes and to
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support strategies that preserve the stability of the
cutaneous microbiome.

2. Materials and Methods
2.1 Sample Collection
2.1.1 Study Population

A total of 15 healthy volunteers with clinically
normal facial skin were enrolled and provided facial
sebum samples.

2.1.2 Inclusion Criteria

Participants were healthy adults whose skin
condition was verified according to the diagnostic
standards of American Family Physician and DermNet
New Zealand (14). At the time of sampling, all
participants met the following criteria: 1) no current
or recent antibiotic use (within the past three months)
and 2) no history of psychiatric or behavioral disorders
(15).

2.1.3 Exclusion Criteria

Volunteers were excluded if they 1) had systemic
medical conditions such as hepatic insufficiency, renal
failure, or diabetes mellitus; 2) were receiving
immunosuppressive therapy; or 3) declined to
participate.

2.1.4 Sampling Approach

A nonprobability convenience sampling method was
applied because recruitment was restricted to healthy
volunteers within a defined geographic area. Although
this approach facilitated practical sampling and
baseline microbiota characterization, it may limit
generalizability to other populations or age groups.
The sample size (n = 15) was determined to yield at
least 20 independent bacterial isolates for descriptive,
rather than inferential, microbiological analysis.

2.2 Bacterial Isolation

The study aimed to isolate a minimum of 15 distinct
bacterial strains from the pilosebaceous follicles of
healthy volunteers. Sebum specimens were collected
from each participant and transported to the
laboratory under aseptic conditions. Samples were
enriched in thioglycolate medium and incubated
anaerobically at 37 °C for 72 h. Serial dilutions (107",
1072, and 107%) were prepared and plated on Schaedler
agar medium, followed by anaerobic incubation in
gas-pack jars for 5-7 days. Representative colonies
were selected based on morphology and repeatedly
subcultured to obtain pure isolates. Each isolate was
preserved in thioglycolate medium containing 30%
(v/v) glycerol at -40 °C until further analysis.
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246 Characterization of Human Pilosebaceous Microbiota

2.3 Genetic Diversity Assessment of Bacterial Strains

The isolated bacterial strains were identified to the
species level by amplification and sequencing of the
16S rRNA gene from bacteria recovered from the
pilosebaceous follicles of healthy volunteers.
Amplification was performed using the universal
primer pair 27F (5-AGAGTTTGATCCTGGCTCAG-3') and
1492R (5'-GGCTACCTTGTTACGACTT-3’). Each 50 pL
PCR mixture contained 25 uL deionized water, 20 pL
MyTaq mix, 1 pyL of each primer (20 uM), and 3 pL of
template DNA (16).

Thermal cycling conditions consisted of an initial
denaturation at 95 °C for 3 min, followed by 35 cycles
of denaturation at 95 °C for 1 min, annealing at 56 °C
for 1 min, and extension at 72 °C for 2 min, with a final
extension at 72 °C for 10 min.

PCR products were verified by 2% agarose gel
electrophoresis. Amplicons exhibiting bright, distinct
bands without primer dimers were selected for
bidirectional sequencing (DNA Sequencing Company
Limited, Can Tho City, Vietnam). The resulting
sequences were quality-checked and edited using
BioEdit software and identified through BLAST analysis
against the NCBI nucleotide database.

Sequence alignment was performed using the
MUSCLE algorithm in MEGA X software. Redundant or
low-quality sequences were excluded. Genetic
distances were computed with the Distance tool in
MEGA X, and phylogenetic relationships were inferred
using the Neighbor-Joining (NJ) algorithm with 1,000
bootstrap replicates to evaluate branch reliability.

The 16S rRNA sequences obtained in this study have
been deposited in GenBank under accession numbers
PX631895-PX631916.

2.4 Evaluation of Bacterial Biofilm Formation
Capacity

The biofilm-forming ability of the isolated bacterial
strains was evaluated using the crystal violet staining
assay (17), with modifications to accommodate
anaerobic growth requirements. Bacteria were
initially cultured in thioglycolate medium for 72 h.
Subsequently, 100 pL of bacterial suspension was
inoculated into new Eppendorf tubes containing 900
pL of thioglycolate medium supplemented with 1%
glucose and incubated statically under anaerobic
conditions at 37 °C.

After seven days of incubation, the culture
supernatant was carefully removed, and 1 mL of 1%
crystal violet solution was added to each tube. The
tubes were left undisturbed for 15 min, after which
the staining solution was discarded. The tubes were
gently rinsed with distilled water until the wash
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solution was clear. The biofilm adhering to the tube
walls was then solubilized in 1 mL of 95% ethanol, and
the optical density (OD) was measured at 600 nm.

Each isolate was tested in triplicate across three
independent experiments. Cutibacterium acnes ATCC
6919 served as the positive control, and uninoculated
sterile medium served as the negative control. The
biofilm formation capacity was classified according to
ODsoo Vvalues as follows: < 0.2, non-biofilm forming;
0.2-0.4, weak; 0.4-0.7, moderate; and > 0.7, strong
biofilm producers.

2.5 Statistical Analysis

All quantitative data were analyzed using GraphPad
Prism version 9.0 (GraphPad Software, San Diego, CA,
USA). Biofilm assay results are presented as mean *
SEM. One-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison test was performed to
assess differences among isolates. A p value of < 0.05
was considered statistically significant. Each
experiment included three independent biological
replicates, each performed in triplicate.

3. Results

3.1 Morphological Characteristics of the Isolated
Bacterial Strains

A total of 22 bacterial strains were isolated from 15
facial skin samples collected from healthy individuals.
The colony and cellular morphological characteristics of
these isolates are summarized in Table 1 and illustrated
in Figure 1. All isolates were Gram-positive, nonmotile
bacteria. Of these, 20 (90.9%) exhibited a rod-shaped
morphology, while the remaining two strains (9.1%)
were coccoid.

Regarding colony pigmentation, most isolates
appeared opaque white, whereas a few displayed a light
pink coloration. Colony diameters primarily ranged from
0.5 to 1.5 mm, although a small subset showed larger
diameters of 1-2 mm or, in rare cases, 1-3 mm.

3.2 Biochemical Characteristics

The biochemical profiles of the isolated bacterial
strains, including catalase, oxidase, indole, methyl red,
lipase, gelatinase, and hemolytic activities—are
summarized in Table 2 and illustrated in Figure 1. Among
the 22 isolates, 19 were catalase positive, 18 were
oxidase negative, six were indole positive, and 12 were
methyl red positive. With respect to hydrolytic enzyme
activity, 20 strains exhibited gelatinase activity, three
strains (Hn1-1, Hn7-2, and Hn12-1) showed lipase
activity, and eight strains demonstrated hemolysin
production.
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3.3 Genetic Diversity Assessment

In this study, 22 bacterial strains isolated from the
pilosebaceous follicles of healthy human facial skin were
genetically identified through 16S rRNA gene
sequencing. The analysis revealed four distinct species:
Cutibacterium acnes (15 strains, 68.2%), Cutibacterium
avidum (3 strains), Staphylococcus lugdunensis (1 strain),
and Enterococcus faecalis (2 strains) (Figure 2).

Phylogenetic analysis demonstrated that the 15 C.
acnes strains shared 97.45-100% sequence similarity
with the reference C. acnes ATCC 6919. The three C.
avidum strains exhibited 99.03—99.63% similarity to C.
avidum ATCC 25577 and DSM 4901. The single S.
lugdunensis strain showed 99.23% similarity to S.

lugdunensis ATCC 43809, while the two E. faecalis strains
displayed 100% similarity to E. faecalis NBRC 100480 and
ATCC 19433.

Given the predominance of C. acnes, these strains were
further evaluated for their biofilm-forming capacity.

3.4 Integrated Interpretation

The C. acnes strains exhibited varying biofilm-forming
ability, as presented in Table 3. Strain Hn15-2
demonstrated strong biofilm production with an OD
value of 1.00. Several other strains, including Hn4, Hn13,
and Hn2, also displayed robust biofilm formation, with
OD values ranging from 0.7292 to 0.9023. In contrast,
Hn14, Hn8-1, and HN10-1 showed weak biofilm
formation, with OD values between 0.18 and 0.23.

Table 1. Morphological characteristics of the isolated bacterial strains.

Colony Characteristics

Clinical
Source Color Shape Elevation  Margin
Hn1-1 Opaque white  Circular Convex Entire
Hn1-2 Light pink Circular Convex Entire
Hn1-3 Opaque white  Circular Raised Entire
Hn2 Opaque white  Circular  Pulvinate Entire
Hn3-3 Light pink Circular Convex Entire
Hn4 Opaque white  Circular  Pulvinate Entire
Hn5-1 Opaque white  Circular Convex Entire
Hn5-2 Light pink Circular Convex Entire
Hn7-2 Opaque white  Circular ~ Pulvinate Entire
Hn8-1 Opaque white  Circular Convex Entire
Hn8-2 Opaque white  Circular Pulvinate Entire
HNn9-2 Opaque white  Circular Convex Entire
Hn9-3 Light pink Circular Convex Entire
Hn10-1 Opaque white  Circular Pulvinate Entire
Hn10-2 Opaque white  Circular Pulvinate Entire
Hn11-1 Opaque white  Circular Raised Entire
Hn12-1 opaque white  Circular Pulvinate Entire
Hn12-2 Opaque white  Circular Pulvinate Entire
Hn13 Opaque white  Circular Pulvinate Entire
Hn14 Opaque white  Circular Convex Entire
Hn15-1 Opaque white  Circular Convex Entire
Hn15-2 Opaque white  Circular  Pulvinate Entire

Cellular Characteristics

Surface Diameter Morpho- Gram  Motility
(mm) logy
Smooth 0,5-1,0 Bacillus + =
Smooth 1,0-2,0 Bacillus + -
Smooth 1,0-1,5 Bacillus + =
Smooth 1,0-1,5 Bacillus + -
Smooth 0,5-1,5 Bacillus + -
Smooth 1,2-1,5 Bacillus + -
Smooth 0,5-1,0 Bacillus + -
Smooth 0,5-1,0 Bacillus + -
Smooth 1,0-1,5 Bacillus + =
Smooth 1,2-1,5 Bacillus + -
Smooth 1,0-1,5 Bacillus + =
Smooth 1,0-2,0 Bacillus + -
Smooth 0,5-2,0 Bacillus + =
Smooth 0,5-1,0 Bacillus + -
Smooth 0,5-1,0 Bacillus + =
Smooth 1,0-1,5 Coccus + -
Smooth 1,0-1,5 Bacillus + =
Smooth 1,0-3,0 Coccus + —
Smooth 1,2-1,5 Bacillus + =
Smooth 0,5-1,0 Bacillus + -
Smooth 1,0-2,0 Bacillus + =
Smooth 1,0-1,5 Bacillus + -

Note: (+) = Gram-positive; () = non-motile
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Table 2. Biochemical characteristics of the isolated bacterial strains.

Biochemical characteristics
Strains

Catalase Oxidase Indol Methyl red Lipase Gelatinase Hemolysis

Hn1-1 + - + + + + -
Hn1-2 + - - - - + +
Hn1-3 + = = = = + +

Hn2 + - - - - + -
Hn3-3 - - - - - - +

Hn4 + + - + - + -
Hn5-1 + - + + - + -
Hn5-2 + - - - - + +
Hn7-2 + + + + + + -
Hn8-1 + - + + - + -
Hn8-2 + - - + - + -
Hn9-2 + + - - - + -
Hn9-3 - - - - - + +
Hn10-1 + - - - - + -
Hn10-2 + - - + - + -
Hn11-1 - - - - - - +
Hn12-1 + - + + + + -
Hn12-2 - + - - - + +
Hn13 + - - + - + -
Hn14 + - + + - + -
Hn15-1 + - - + - + +
Hn15-2 + - - + - + -

Note: (+) = Positive; (—) = Negative
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Table 3. Biofilm formation capacity.

Strains
Hn1-1
Hn2
Hn4
Hn5-1
Hn7-2
Hn8-1
Hn8-2
Hn9-2
Hn10-1
Hn10-2
Hn12-1
Hn13
Hn14
Hn15-1
Hn15-2

C. acnes ATCC 6919

Negative control

OD (600 nm)
0,36+0,11bcd
0,7340,192b¢
0,90+0,102b
0,33+0,05bcde
0,24+0,02¢de
0,2240,019%
0,24+0,02¢de
0,26+0,03¢de
0,18+0,029%
0,2510,01¢de
0,25+0,03¢de
0,83+0,322b¢
0,23+0,03¢de
0,34£0,13bcde
1,000,042
0,32+0,03bcde
0,11+0,00¢

Level

++

+++

+++

++

+++

Note: (—) No biofilm formation; (+) Weak; (++) Moderate; (+++) Strong. Data represent mean = SEM values.

indicate statistically significant differences (p < 0.05, one-way ANOVA).

|IIII||1|'|||IIIIII||I|“|II1||III

Different superscript letters

Figure 1. Colony morphology, cellular characteristics, and biochemical properties (Prepared by Authors, 2025).

Note: (A) Colony morphology observed on Schaedler agar; (B) Cellular morphology after Gram staining; (C) Gelatin hydrolysis; (D)
Lipid hydrolysis; (E) Catalase reaction; (F) Indole production; (G) Methyl red reaction; (H) Hemolytic activity, © Negative, @ Positive.
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Figure 2. A phylogenetic tree illustrates the genetic relationships among the isolated bacterial strains (Prepared by Authors, 2025).

4, Discussion

The facial skin of healthy individuals predominantly
harbors Gram-positive, rod-shaped, nonmotile
bacteria. This distribution reflects the biological
adaptation of the microbial community within the
pilosebaceous unit and is consistent with the features
of typical resident species such as Cutibacterium
acnes, C. avidum, and Staphylococcus spp. These
microorganisms are well-documented constituents of
the normal human skin microbiome (1, 18).

Lipase hydrolyzes triglycerides into glycerol and free
fatty acids, maintaining the skin’s acidic environment,
inhibiting pathogenic bacteria, and supporting
commensal microbiota (8, 19, 20). However, excessive
lipase activity can lead to an accumulation of fatty
acids, which may trigger inflammation and contribute
to the pathogenesis of acne vulgaris (21, 22). The low
proportion of lipase-producing isolates in this study (3
of 22) suggests an effective lipid regulation
mechanism in healthy skin.

Gelatinase degrades gelatin into peptides and
amino acids, facilitating nutrient availability and
microbial growth. However, when combined with
protease and lipase activity, gelatinase can also
promote tissue damage and inflammation (23, 24).
The observation that 20 of 22 isolates exhibited
gelatinolytic activity underscores this enzyme’s
potential role in maintaining microbial equilibrium on
healthy skin.
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a-Hemolysin produced by Staphylococcus aureus
forms pores in host cell membranes through
interaction with ADAMI10 receptors, leading to
hemolysis, inflammation, and epithelial barrier
dysfunction (25). The presence of hemolytic activity in
8 of 22 isolates indicates that this virulence factor is
relatively common among commensal skin microbiota
but may become pathogenic under conditions of
dysbiosis.

Overall, most bacterial isolates obtained from
healthy facial skin exhibited low extracellular enzyme
activity, particularly for lipase (13.6%) and hemolysin
(36.4%), suggesting limited pathogenic potential and
supporting their commensal role in the cutaneous
microbiota (8, 19). In contrast, the high frequency of
gelatinase-positive isolates (90.9%) suggests that this
enzyme plays a physiologic role in bacterial
colonization and nutrient cycling, although it could
contribute to pathogenicity when combined with
other virulence factors (24).

The uneven distribution of enzymatic activities such
as lipase, gelatinase, and hemolysin among the
isolates highlights substantial functional diversity
within the facial skin microbiota. These findings
reinforce that bacterial presence alone is insufficient
to cause disease; rather, pathogenicity depends on
the expression of virulence genes, the local
microenvironment (e.g., pH, sebum content), and the
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stability of the skin microbiome (26). Cobian et al (27)
in 2021 further demonstrated that C. acnes strains
belonging to phylotype IA;, most strongly associated
with acne vulgaris, harbor a higher number of
virulence-related genes (encoding lipase,
hyaluronidase, and protease) and exhibit stronger
immunomodulatory effects than other phylotypes.

Genetically, Cutibacterium acnes is classified into
three major phylotypes, type | (subgroups IA;, 1A, 1B,
and IC), type Il, and type Ill, each exhibiting distinct
biological properties and pathogenic potentials (28,
29). Ribotype analysis, which targets rRNA gene
regions, enables differentiation of genetic signatures
within these phylotypes. Notably, ribotypes RT4, RTS5,
and RT8 (phylotype IA;) are frequently associated with
inflammatory acne lesions because they harbor
virulence genes encoding lipase, hemolysin, and
CAMP factor, whereas ribotypes RT2 and RT6
(phylotype IlI) predominate on healthy skin and
contribute to local immune regulation (30).

The C. acnes isolates obtained in this study shared
97.45-100% sequence similarity with the reference
strain C. acnes ATCC 6919, a representative of
phylotype 1A;. However, phylogenetic clustering
revealed intraspecies genetic variability among
isolates, which may underlie differences in biological
behavior, such as biofilm-forming capacity and toxin
production. Although C. acnes dominates the facial
skin microbiota of healthy individuals, its presence
alone does not indicate disease. Metagenomic studies
have demonstrated comparable C. acnes abundance
in both healthy and acne-affected skin, with
pathogenicity determined by strain-specific genomic
and phenotypic traits (26). Thus, the overall
prevalence of C. acnes reflects its role as a stable
commensal component of the skin microbiome rather
than a direct etiologic agent of acne (26, 31). Emerging
evidence suggests that acne pathogenesis is driven by
phylotype imbalance rather than total bacterial load,
emphasizing the importance of strain-level functional
diversity in disease mechanisms.

Biofilm formation represents a crucial adaptive
strategy that facilitates bacterial persistence on skin
surfaces, particularly under environmental stress or
antimicrobial exposure (32). In this study, C. acnes
isolates from healthy facial skin demonstrated
variable biofilm-forming capacity, ranging from weak
to strong. The robust biofilm production observed in
strains Hn15-2 and Hn4 indicates that biofilm
formation is not restricted to acne-associated isolates
but may be a common trait among commensal C.
acnes populations. These findings are consistent with
McDowell et al (29) in 2013, who reported that both
acne-derived and healthy skin-derived C. acnes strains
exhibit biofilm-forming ability, albeit with differing
intensities.

Year 19, Issue 4 (July — August 2025)

Future investigations integrating metagenomic and
transcriptomic profiling could further elucidate the
molecular determinants of strain-specific biofilm
formation in C. acnes and clarify its dual role in skin
health and disease.

5. Conclusion

This study provides baseline insight into the
pilosebaceous microbiota of healthy human facial skin,
dominated by Cutibacterium acnes and C. avidum. The
observed variability in biofilm-forming capacity among
commensal C. acnes strains highlights strain-level
diversity that may influence skin microbiome stability
and the transition from commensalism to opportunistic
pathogenicity. These findings may assist in developing
standardized models for evaluating biofilm behavior in
dermatologic research.

6. Declarations

6.1 Acknowledgment

We sincerely thank the Institute of Food and
Biotechnology (Can Tho University, Viet Nam) for their
kind support and for providing access to their
laboratories. We thank Can Tho hospital of Dermato-
Venereology for the great help in collecting samples.

6.2 Ethical Considerations

The protocol for this Research was approved by
Ethic Committee of Biomedical Research, Can Tho
University of Medicine and Pharmacy
(Ref.N0.24.004/PCT-HDDD). All participants were
given formal consent.

6.3 Authors’ Contributions

All authors contributed to the study conception,

design, and production.

6.4 Conflict of Interests

The authors have no conflicts of interest to declare.

6.5 Financial Support and Sponsorship

This study received no financial support or
sponsorship.

6.6 Using Artificial Intelligence Tools (Al

Tools)

This study do not use artificial intelligence tools.

Iranian Journal of Medical Microbiology



252 Characterization of Human Pilosebaceous Microbiota

References

1.

10.

Byrd AL, Belkaid Y, Segre JA. The human skin
microbiome. Nat Rev Microbiol. 2018;16(3):
143-55. [DOI:10.1038/nrmicro.2017.157]
[PMID]

Carmona-Cruz S, Orozco-Covarrubias L, Sdez-
de-Ocariz M. The human skin microbiome in
selected cutaneous diseases. Front Cell Infect
Microbiol. 2022;12:834135. [PMCID] [PMID]
[DOI:10.3389/fcimb.2022.834135]

Boxberger M, Cenizo V, Cassir N, La Scola B.
Challenges in exploring and manipulating the
human skin microbiome. Microbiome. 2021;
9(1):125. [DOI:10.1186/s40168-021-01062-5]
[PMID] [PMCID]

Sun J, Liao XP, D'Souza AW, Boolchandani M, Li
SH, Cheng K, et al. Environmental remodeling of
human gut microbiota and antibiotic resistome
in livestock farms. Nat Commun. 2020;11(1):
1427.[D0OI:10.1038/541467-020-15222-y]
[PMID] [PMCID]

Sfriso R, Egert M, Gempeler M, Voegeli R,
Campiche R. Revealing the secret life of skin-
with the microbiome you never walk alone. Int
J Cosmet Sci. 2020;42(2):116-26.
[DOI:10.1111/ics.12594] [PMID] [PMCID]

YangY, Qu L, Mijakovic |, Wei Y. Advances in the
human skin microbiota and its roles in
cutaneous diseases. Microb Cell Factories.
2022;21(1):176. [PMID] [PMCID]
[DOI:10.1186/512934-022-01901-6]

McLoughlin IJ, Wright EM, Tagg JR, Jain R, Hale
JD. Skin microbiome-the next frontier for
probiotic intervention. Probiotics Antimicrob
Proteins. 2022;14(4):630-47.
[DOI:10.1007/s12602-021-09824-1] [PMID]

Grice EA, Segre JA. The skin microbiome. Nat
Rev Microbiol. 2011;9(4):244-53.
[DOI:10.1038/nrmicro2537] [PMID] [PMCID]

Sa S, Fernandes R, Gestoso A, Macedo JM,
Martins-Mendes D, Pereira AC, et al.
Cutibacterium acnes Dysbiosis: Alternative
Therapeutics for Clinical Application. Appl Sci.
2023;13(21):12086.
[DOI:10.3390/app132112086]

Mayslich C, Grange PA, Dupin N. Cutibacterium
acnes as an opportunistic pathogen: an update
of its virulence-associated factors.
Microorganisms. 2021;9(2):303. [PMCID]

[DOI:10.3390/microorganisms9020303] [PMID]

Year 19, Issue 4 (July — August 2025)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

O'Neill AM, Gallo RL. Host-microbiome
interactions and recent progress into
understanding the biology of acne vulgaris.
Microbiome. 2018;6(1):177. [PMCID] [PMID]
[DOI:10.1186/s40168-018-0558-5]

Platsidaki E, Dessinioti C. Recent advances in
understanding Propionibacterium acnes
(Cutibacterium acnes) in acne. F1000Research.
2018;7(F1000 Faculty Rev):1953. [PMCID]

[DOI:10.12688/f1000research.15659.1] [PMID]

Skadins |, Zavorins A, Kroica J, Pavloviéa T,
Bruzgule D, Averjanova T. Antibacterial
susceptibility testing of Cutibacterium acnes in
acne vulgaris patients. Clin Cosmet Investig
Dermatol. 2021;14:671-7.
[DOI:10.2147/CCID.S311624] [PMID] [PMCID]

Oakley A, Ngan V, Morrison C, Jones C, Gupta
M. Acne vulgaris. Updated July 2021. Accessed
Oct 01, 2025. Available from:
[https://dermnetnz.org/topics/acne-vulgaris]

Ogai K, Nagase S, Mukai K, luchi T, Mori Y,
Matsue M, et al. A comparison of techniques for
collecting skin microbiome samples: swabbing
versus tape-stripping. Front Microbiol. 2018;9:
2362. [DOI:10.3389/fmich.2018.02362]
[DOI:10.3389/fmich.2018.02812]

Tran HH, Nguyé&n AV, Hoang NK, Trwong TBV,
Nguy&n PAT. Tuyén chon vi khudn cé kha ning
phan gidi protein va (rc ché vi khuan Vibrio spp.
tr nwdc mam truyén théng. Can Tho University
Journal of Science. 2022;58(Natural Sciences):
192-9. [DOI:10.22144/ctu.jvn.2022.137]

Hau TH, Van TT, Quynh CN, Oanh TT, Huy LA,
Luu NH, et al. Inhibition of biofilm-forming
bacteria and probiotic potential of Bacillus spp.
isolated from aquaculture ponds. Malays J
Microbiol. 2024;20(4):430.

Cogen AL, Nizet V, Gallo RL. Skin microbiota: a
source of disease or defence?. Br J Dermatol.
2008;158(3):442-55. [PMID] [PMCID]
[DOI:10.1111/j.1365-2133.2008.08437.X]

Briggemann H, Henne A, Hoster F, Liesegang H,
Wiezer A, Strittmatter A, et al. The complete
genome sequence of Propionibacterium acnes,
a commensal of human skin. Science. 2004;
305(5684):671-3.
[DOI:10.1126/science.1100330] [PMID]

Briiggemann H, Salar-Vidal L, Gollnick HP, Lood
R. A Janus-faced bacterium: host-beneficial
and-detrimental roles of Cutibacterium acnes.

Iranian Journal of Medical Microbiology


https://doi.org/10.1038/nrmicro.2017.157
https://www.ncbi.nlm.nih.gov/pubmed/29332945
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8936186
https://www.ncbi.nlm.nih.gov/pubmed/35321316
https://doi.org/10.3389/fcimb.2022.834135
https://doi.org/10.1186/s40168-021-01062-5
https://www.ncbi.nlm.nih.gov/pubmed/34053468
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8166136
https://doi.org/10.1038/s41467-020-15222-y
https://www.ncbi.nlm.nih.gov/pubmed/32188862
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7080799
https://doi.org/10.1111/ics.12594
https://www.ncbi.nlm.nih.gov/pubmed/31743445
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7155096
https://www.ncbi.nlm.nih.gov/pubmed/36038876
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9422115
https://doi.org/10.1186/s12934-022-01901-6
https://doi.org/10.1007/s12602-021-09824-1
https://www.ncbi.nlm.nih.gov/pubmed/34383234
https://doi.org/10.1038/nrmicro2537
https://www.ncbi.nlm.nih.gov/pubmed/21407241
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535073
https://doi.org/10.3390/app132112086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7913060
https://doi.org/10.3390/microorganisms9020303
https://www.ncbi.nlm.nih.gov/pubmed/33540667
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6169095
https://www.ncbi.nlm.nih.gov/pubmed/30285861
https://doi.org/10.1186/s40168-018-0558-5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6305227
https://doi.org/10.12688/f1000research.15659.1
https://www.ncbi.nlm.nih.gov/pubmed/30613388
https://doi.org/10.2147/CCID.S311624
https://www.ncbi.nlm.nih.gov/pubmed/34168479
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8219112
https://dermnetnz.org/topics/acne-vulgaris
https://doi.org/10.3389/fmicb.2018.02362
https://doi.org/10.3389/fmicb.2018.02812
https://doi.org/10.22144/ctu.jvn.2022.137
https://www.ncbi.nlm.nih.gov/pubmed/18275522
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2746716
https://doi.org/10.1111/j.1365-2133.2008.08437.x
https://doi.org/10.1126/science.1100330
https://www.ncbi.nlm.nih.gov/pubmed/15286373

Xuong Mau Tu et al., 253

21.

22.

23.

24.

25.

26.

Front Microbiol. 2021;12:673845. [PMCID]
[DOI:10.3389/fmicb.2021.673845] [PMID]

Jeremy AH, Holland DB, Roberts SG, Thomson
KF, Cunliffe WIJ. Inflammatory events are
involved in acne lesion initiation. J Invest
Dermatol. 2003;121(1):20-7. [PMID]
[DOI:10.1046/j.1523-1747.2003.12321.x]

Nakase K, Momose M, Yukawa T, Nakaminami
H. Development of skin sebum medium and
inhibition of lipase activity in Cutibacterium
acnes by oleic acid. Access Microbiol. 2022;
4(10):000397. [DOI:10.1099/acmi.0.000397]
[PMID] [PMCID]

Yusufu WN, David DL, Taiga A, Akwa V.
Identification of Virulent Enzymes in Different
Strains of Propionibacterium acnes using
Enzyme Assay. NISEB Journal. 2018;18(4):185-
94,

Bozzi M, Sciandra F, Brancaccio A. Role of
gelatinases in pathological and physiological
processes involving the dystrophin-
glycoprotein complex. Matrix Biol. 2015;44:
130-7. [DOI:10.1016/j.matbio.2015.02.005]
[PMID]

Berube BJ, Bubeck Wardenburg J.
Staphylococcus aureus a-toxin: nearly a century
of intrigue. Toxins. 2013;5(6):1140-66.
[DOI:10.3390/toxins5061140] [PMID] [PMCID]

MclLaughlin J, Watterson S, Layton AM,
Bjourson AJ, Barnard E, McDowell A.
Propionibacterium acnes and acne vulgaris:
new insights from the integration of population
genetic, multi-omic, biochemical and host-
microbe studies. Microorganisms. 2019;7(5):
128. [DOI:10.3390/microorganisms7050128]
[PMID] [PMCID]

Year 19, Issue 4 (July — August 2025)

27.

28.

29.

30.

31.

32.

Cobian N, Garlet A, Hidalgo-Cantabrana C,
Barrangou R. Comparative genomic analyses
and CRISPR-C:as char:acterization of
Cutibacterium acnes provide insights into
genetic diversity and typing applications. Front
Microbiol. 2021;12:758749. [PMCID]
[DOI:10.3389/fmicbh.2021.758749] [PMID]

Lomholt HB, Scholz CF, Briiggemann H, Tettelin
H, Kilian M. A comparative study of
Cutibacterium  (Propionibacterium)  acnes
clones from acne patients and healthy controls.
Anaerobe. 2017;47:57-63.
[DOI:10.1016/j.anaerobe.2017.04.006] [PMID]

McDowell A, Barnard E, Nagy |, Gao A, Tomida
S, Li H, et al. An expanded multilocus sequence
typing scheme for Propionibacterium acnes:
investigation of 'pathogenic','commensal’ and
antibiotic resistant strains. PloS One. 2012;7(7):
e41480. [DOI:10.1371/journal.pone.0041480]
[PMID] [PMCID]

Fitz-Gibbon S, Tomida S, Chiu BH, Nguyen L, Du
C, Liu M, et al. Propionibacterium acnes strain
populations in the human skin microbiome
associated with acne. J Invest Dermatol. 2013;
133(9):2152-60. [DOI:10.1038/jid.2013.21]
[PMID] [PMCID]

Barnard E, Shi B, Kang D, Craft N, Li H. The
balance of metagenomic elements shapes the
skin microbiome in acne and health. Sci Rep.
2016;6(1):39491. [DOI:10.1038/srep39491]
[PMID] [PMCID]

Azeem K, Fatima S, Ali A, Ubaid A, Husain FM,
Abid M. Biochemistry of bacterial biofilm:
insights into antibiotic resistance mechanisms
and therapeutic intervention. Life. 2025;15(1):
49. [DOI:10.3390/1ife15010049][PMID][PMCID]

Iranian Journal of Medical Microbiology


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8200545
https://doi.org/10.3389/fmicb.2021.673845
https://www.ncbi.nlm.nih.gov/pubmed/34135880
https://www.ncbi.nlm.nih.gov/pubmed/12839559
https://doi.org/10.1046/j.1523-1747.2003.12321.x
https://doi.org/10.1099/acmi.0.000397
https://www.ncbi.nlm.nih.gov/pubmed/36415741
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9675171
https://doi.org/10.1016/j.matbio.2015.02.005
https://www.ncbi.nlm.nih.gov/pubmed/25701226
https://doi.org/10.3390/toxins5061140
https://www.ncbi.nlm.nih.gov/pubmed/23888516
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3717774
https://doi.org/10.3390/microorganisms7050128
https://www.ncbi.nlm.nih.gov/pubmed/31086023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6560440
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8595920
https://doi.org/10.3389/fmicb.2021.758749
https://www.ncbi.nlm.nih.gov/pubmed/34803983
https://doi.org/10.1016/j.anaerobe.2017.04.006
https://www.ncbi.nlm.nih.gov/pubmed/28434779
https://doi.org/10.1371/journal.pone.0041480
https://www.ncbi.nlm.nih.gov/pubmed/22859988
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3408437
https://doi.org/10.1038/jid.2013.21
https://www.ncbi.nlm.nih.gov/pubmed/23337890
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3745799
https://doi.org/10.1038/srep39491
https://www.ncbi.nlm.nih.gov/pubmed/28000755
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5175143
https://doi.org/10.3390/life15010049
https://www.ncbi.nlm.nih.gov/pubmed/39859989
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11767195

	1. Institute of Food and Biotechnology, Can Tho University, Can Tho City, Vietnam
	2. CanTho Hospital of Dermato-Venereology, Can Tho City, Vietnam
	3. Can Tho University of Medicine and Pharmacy, Can Tho City, Vietnam
	4. Faculty of Applied Sciences, Ton Duc Thang University, Ho Chi Minh City, Vietnam
	1. Introduction
	2. Materials and Methods
	2.4 Evaluation of Bacterial Biofilm Formation Capacity
	2.5 Statistical Analysis
	3. Results
	5. Conclusion
	6. Declarations
	6.1 Acknowledgment
	6.2 Ethical Considerations
	6.3 Authors’ Contributions
	6.4 Conflict of Interests
	6.5 Financial Support and Sponsorship
	6.6 Using Artificial Intelligence Tools (AI Tools)


	1.  10.30699/ijmm.19.4.244
	References

