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ABSTRACT

Introduction: Antimicrobial resistance (AMR), particularly involving antibiotic-resistant pathogens
such as methicillin-resistant Staphylococcus aureus (MRSA), poses a critical global health challenge.
Driven primarily by the mecA gene, MRSA is prevalent in both healthcare and community settings
and continues to cause severe infections and high mortality worldwide, despite the availability
of antibiotics. The COVID-19 pandemic further highlighted the limitations and adverse effects of
conventional synthetic antibiotics and cell-based therapies, emphasizing the urgent need for safer,
innovative, and preferably natural, cell- and drug-free therapeutic approaches.

Objective: Given the well-established immunomodulatory properties of human adipose tissue,
adipose-derived vesicles were selected as a biologically relevant, economical, non-invasive, and
promising therapeutic candidate for this investigation. This study investigated the intrinsic an-
tibacterial and antibiofilm properties of small extracellular vesicles (sEVs) derived from the stromal
vascular fraction (SVF) of healthy human adipose tissue (hHAT) against MRSA, thereby addressing a
critical research gap in current AMR treatment strategies.

Methods: SVF-sEVs from hHAT were isolated using the established Priglinger method and charac-
terized in accordance with MISEV 2023 guidelines. Their antibacterial activity was evaluated in vitro
against both MRSA and methicillin-sensitive S. aureus (MSSA) strains—comprising American Type
Culture Collection (ATCC) reference strains and clinical isolates (CS)—across multiple time points.
Plain phosphate-buffered saline (PBS), devoid of antibiotics or antifungals, served as the negative
control. Following the confirmation of antibacterial efficacy, the concentration-dependent inhibi-
tion of biofilm formation was assessed for MRSA, MSSA, and the rpoA reference strain, given the
pivotal role of biofilms in AMR.

Results: Naturally occurring, cell-free, nanoscale neat SVF-sEVs (EVN; 100 L, containing 2.15
x 10 sEVs/100 ulL) exhibited antibacterial activity against both MRSA and MSSA, alongside a
concentration-dependent inhibition of biofilm formation, including in the rpoA reference strain.
These effects were confirmed quantitatively via colony-forming unit (CFU) counts and qualitatively
viazone of inhibition (ZOI) assays, revealing a significant modulation of bacterial viability and biofilm
development. The ATCC MSSA strain demonstrated the largest inhibition zones, the CS-MRSA strain
exhibited the greatest reduction in colony counts, and the ATCC MRSA strain showed significant an-
tibiofilm effects.

Conclusions: SVF-sEVs constitute a novel, biocompatible, and ethically sound therapeutic strat-
egy against MRSA. They offer a promising adjunct or alternative to conventional antibiotics, with a
potentially lower risk of driving antimicrobial resistance.

Key words: Small extracellular vesicles, Stromal vascular fraction, Healthy human adipose tissue,
Methicillin-Resistant and Methicillin-Susceptible Staphylococcus aureus

INTRODUCTION

The future of global health depends on the abil-
ity to manage and mitigate a diverse array of mi-
croorganisms, particularly antibiotic-resistant mi-
croorganisms (ARMs). These pathogens pose signif-
icant health threats by evading standard antimicro-
bial therapies, thereby complicating clinical man-
agement and causing widespread infections across
diverse populations. Rapid population growth, lim-

ited healthcare access, and the misuse of antibiotics
further exacerbate these challenges, compromising
both public health systems and global economies.
Staphylococcus aureus (S. aureus) is a Gram-positive
bacterium that commonly colonizes human skin and
nasal epithelia; however, it is also an opportunis-
tic pathogen capable of causing severe pneumonia,
sepsis, and mortality. The bacterium acquires re-

sistance to beta-lactam and other broad-spectrum
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antibiotics primarily through the mecA gene, evolv-
ing into a multidrug-resistant pathogen. The most
clinically significant variant, methicillin-resistant S.
aureus (MRSA), is increasingly prevalent in both
healthcare and community settings and is transmit-
ted primarily via direct contact with infected indi-
viduals. Despite the availability of potent antimi-
crobial agents, MRSA remains a leading cause of
infection-related mortality worldwide.? In response
to this escalating crisis, the World Health Organiza-
tion (WHO) has projected that, without immediate
intervention, antimicrobial resistance (AMR) could
result in approximately 389,000 deaths annually in
South Asia and an estimated 10 million deaths glob-
ally by 2050.34

The COVID-19 pandemic has further underscored
the critical need for safer, innovative strategies to
combat ARMs and safeguard public health. It has
demonstrated that relying solely on synthetic an-
tibiotics is insufficient, as these agents can induce
adverse effects, long-term complications, and se-
vere toxicities. Consequently, there is an urgent de-
mand for novel, preferably natural, therapeutics—
administered either as monotherapy or as an adju-
vant to conventional antibiotics—capable of eradi-
cating MRSA without compromising host immune
function.

Extracellular vesicles (EVs) have emerged as promis-
ing therapeutic modalities. = These nanosized,
lipid membrane-bound particles—which include
subtypes such as exosomes, microvesicles, and
ectosomes—are secreted by virtually all cell types
and encapsulate bioactive cargo, including proteins,
nucleic acids (RNAs), and lipids. Within the con-
text of infection biology, EVs replicate aspects of
their parent cells’ physiological roles by transfer-
ring microbial signals, serving as intercellular molec-
ular messengers, and modulating host immune re-
sponses. Contingent upon their cellular origin and
the intrinsic antimicrobial defenses of the target
cells, EVs can either facilitate or impede pathogen
survival. Among the various EV subtypes, small ex-
tracellular vesicles (sEVs)—typically ranging from 50
to 200 nm in diameter—and particularly those de-
rived from primary tissue sources (ti-sEVs), have
garnered significant interest due to their structural
stability and robust therapeutic potential.>’
Healthy human adipose tissue (hHAT) is now recog-
nized as a dynamic immunometabolic organ rather
than an inert lipid reservoir. Its stromal vascular
fraction (SVF) comprises a heterogeneous popula-
tion of endothelial, immune, and progenitor cells
that collectively reflect the tissue’s physiological

profile. Small extracellular vesicles (sEVs) secreted
by these cells mediate immunomodulatory commu-
nication throughout the body.®'? Therefore, we
hypothesized that by harnessing these properties,
the intrinsic inhibitory effects of SVF-derived sEVs
(SVF-sEVs) could improve clinical outcomes against
MRSA, thereby addressing a major gap in current
research. To the best of our knowledge, this hypoth-
esis had not been previously investigated.

The significance of this study lies in the utilization of
SVF-sEVs, which are naturally occurring, highly bio-
compatible, nanoscale, and entirely cell-free. They
offer a novel strategy to combat MRSA, one of the
most persistent bacterial pathogens globally, while
circumventing the ethical and regulatory concerns
associated with stem cell therapies. Although previ-
ous studies have reported the antibacterial effects of
mesenchymal cell-derived EVs, our demonstration
of their efficacy against MRSA biofilms using adi-
pose tissue-derived SVF represents a novel contri-
bution to the field. Furthermore, unlike many syn-
thetic pharmacological agents, SVF-sEVs possess a
lower propensity for inducing antimicrobial resis-
tance and exhibit an enhanced safety profile com-
pared to cell-based therapies, positioning them as
highly promising therapeutic agents.

For this investigation, SVF-sEVs were isolated from
hHAT utilizing the established Priglinger method
and characterized in accordance with the MI-
SEV2023 guidelines.'>' Subsequently, the SVF-
sEVs were evaluated in vitro for their antibacte-
rial efficacy against MRSA and methicillin-sensitive
S. aureus (MSSA) strains—sourced from both refer-
ence collections and clinical isolates—across multi-
ple time points. Following the confirmation of their
antibacterial activity, the concentration-dependent
inhibitory effects of SVF-sEVs were assessed on
MRSA and MSSA biofilms, as well as on the rpoA
reference strain. This assessment was critical, given
that antimicrobial resistance is intrinsically associ-
ated with the production of extracellular polymeric
substances (EPS), a primary structural component of

biofilms. 1

METHODS
Study Setting

All experiments were conducted at the Central Re-
search Laboratory of a tertiary-care hospital affili-
ated with Nitte (Deemed to be University) in Manga-
lore, Karnataka, India. The facility is fully accredited
in accordance with National Accreditation Board for
Testing and Calibration Laboratories (NABL) and In-
ternational Organization for Standardization (ISO)
guidelines.
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Ethical Considerations

The study was conducted in compliance with the
Declaration of Helsinki (1964, as revised in 2013)
and received approval from the Institutional Central
Ethics Committee (Ref: NU/CEC/2021/230, dated
January 13, 2022). The committee reviewed and ap-
proved the use of 150 mL of hHAT, ensuring the
strict protection of donor rights and the appropriate

handling of all biological specimens.

Type of Sampling

A purposive sampling strategy was employed to en-
sure the consistent quality and biological relevance
of the source material for sEV isolation. A cohort of
six donors was selected, based on established EV lit-
erature indicating that five or more biological repli-
cates are sufficient to achieve reproducible vesicle

yields and ensure biological consistency.

Eligibility Criteria

Adipose tissue samples were procured from healthy,
non-obese adults (body mass index [BMI] < 30
kg/m?) aged 18-45 years who were undergoing elec-
tive liposuction procedures. Individuals falling out-
side this age range, presenting with significant med-
ical comorbidities, or possessing a BMI > 30 kg/m?
were excluded from the study. All donors under-
went standard screening to confirm the absence of
infectious diseases, including HIV, hepatitis B, and
hepatitis C. SVF from healthy donors was specif-
ically utilized to minimize variability arising from
metabolic or infectious conditions and to yield phys-

iologically normal, immunomodulatory vesicles.

Research Participant Consent

Written informed consent was obtained from all par-
ticipants prior to enrollment. Confidentiality was
strictly maintained by anonymizing samples utiliz-
ing coded identifiers, and participants retained the
right to withdraw their consent at any time with-
out penalty. Tissue collection was performed by
trained surgical personnel during routine clinical
procedures to mitigate any associated risks and min-

imize patient discomfort.

Study Design and Reporting

This original, in vitro, observational study was de-
signed to investigate the innate antibacterial activ-
ity of SVF-sEVs against MRSA.

hHAT-SVF-sEV Preparation Protocol and
Antibacterial Property Data Collection

All samples were processed within 2 hours of col-
lection to preserve vesicle integrity and prevent the
degradation of bioactive molecules. All experiments
were outcome-driven and performed under con-
trolled in vitro laboratory conditions, without ran-
domization or the involvement of live human or an-
imal subjects. lsolated SVF-sEVs were character-
ized for vesicle morphology, protein profiles, and an-
tibacterial properties utilizing nanoparticle tracking
analysis (NTA), transmission electron microscopy
(TEM), and optical density measurements at 600 nm
(ODgpo)- This purposive design facilitated the evalu-
ation of 100% neat (undiluted and intact) SVF-sEVs
against MRSA under standardized conditions, as de-
lineated in Figure 1.

The study adhered to the Strengthening the Re-
porting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines to ensure methodological
transparency, comprehensive reporting, and repro-
ducibility. Detailed information regarding sample
procurement, vesicle isolation, quality control pro-
cedures, data validation, and the complete STROBE
checklist is provided in the Supplementary File.

hHAT Sample Collection

A total volume of 150 mL of residual hHAT—also re-
ferred to as subcutaneous adipose tissue or lipoaspi-
rate, and typically considered biological waste—was
collected from the 360° collection sites of six con-
senting research participants. The cohort comprised
healthy, non-obese Indian males and females aged
18 to 45 years with a normal body mass index
(BMI). The date of sample collection, total volume
of lipoaspirate, number of freeze-thaw cycles, and
specific storage conditions for downstream analyses
were systematically documented.

SVF Isolation

To isolate the SVF, the aliquoted adipose tissue sam-
ples were washed with an equal volume of Dul-
becco’s phosphate-buffered saline (DPBS) and sub-
sequently centrifuged at 500 x g for 5 minutes at
37 °C. This washing procedure was repeated a mini-
mum of three times until macroscopic blood and de-
bris were removed. Next, an equal volume of 0.1%
type Il collagenase tissue digestion enzyme (TDE)
was added to the washed tissue (up to 20 mL of
wet tissue per conical tube), and the suspension was
incubated at 37 °C with moderate agitation for 4.5
hours. Following incubation, enzymatic digestion
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Source & Donor Selection
Healthy human adipose tissue (hHAT) / lipoaspirate
Six donors (ages 18-45; BMI < 30kg/m-2, nonobese
Exclusion: medical comorbidities, > 30kg/m2, no
consent
Screening: HIV, HBV, HCV

R 2

hHAT / Adipose tissue processing.

Collagenase digestion > SVF isolation
Cell viability / death analysis
Conditioning of SVF cells=> incubation:24h @ 37°C

L 4

(" SVF-sEVs isolation & Characterization
. Differential centrifugation + ultracentrifugation + ultrafiltration
. Characterization: MISEV 2023 compliant
o Nanoparticle Tracking (Size, Concentration)
o  Transmission Electron Microscopy (morphology, membrane
intactness)
\ o

Western blotting (CD63 and TSG 101 (EV+), GRP94 (EV-)

L 2

In-Vitro Antibacterial Activity assays of SVF-sEVs
Bacterial Strains: ATCC & Clinical S.aureus (MRSA & MSSA)

.

Agar Diffusion Assay T

. MHA plates uniformly swabbed Assay

e 5mm wells created B wEl P sl

e SVF-sEVs added (0.5-100%) Wi BN

. Ciprofloxacin antibiotic disc (positive Incubation 0,624 h
control) Spread plating on MHA

. Incubation 24h @ 37°C CFU/ml calculated

. Zone of inhibition measured (CLSI)

Antibiofilm Activity Assay

Time Kill Kinetics Biofilm formation in BHI (24h)
* 100% neat SVF-sEVs (EVN) selected o Treatment with EVN during biofilm growth
* Exposure 4, 6, 8, 12,24 h Crystal violet staining
* Compared with untreated control) Biofilm classification (Weak / moderate / strong)
Outcome
0 Bacterial growth inhibition
. Bactericidal kinetics

. Reduction in viable CFU and Biofilm

Figure 1: Schematic overview demonstrating that host-derived small extracellular vesicles (sEVs) from the stro-
mal vascular fraction (SVF) of healthy human adipose tissue (hHAT) exhibit antibacterial effects against antibiotic-
resistant Staphylococcus aureus. Abbreviations: hHAT, healthy human adipose tissue; sEVs, small extracellular vesi-
cles; SVF, stromal vascular fraction.
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was terminated by the addition of cold PBS, and the
mixture was centrifuged at 1500 x g for 5 minutes.
Finally, the resulting SVF pellet was resuspended in
PBS, filtered through a 100 pm cell strainer, and sub-
jected to a final centrifugation step.

SVF Cell Counting, Viability Assessment,
and Conditioning

The isolated SVF pellet was resuspended in 8 mL of
plain Dulbecco’s Modified Eagle Medium (DMEM),
and initial cell quantification and viability assess-
ments were performed utilizing a trypan blue exclu-
sion assay. For standard cell culture propagation, a
routine 1% antibiotic-antimycotic mixture (compris-
ing penicillin and streptomycin) was supplemented.
However, to ensure unbiased outcomes and prevent
experimental interference, an alternate conditioning
protocol entirely devoid of antibiotics and antifun-
gals was strictly utilized for all samples designated
for downstream microbiological evaluations.

SVF-sEV lIsolation, Cryopreservation, and
Thawing

The resulting cell suspension was aliquoted into T-75
tissue culture flasks at a seeding density of approxi-
mately 6 x 10® SVF cells per flask. The cultures were
incubated at 37 °C in a humidified atmosphere con-
taining 5% CO,. Once the heterogeneous SVF cell
populations reached >60% sub-confluence, the con-
ditioned medium was harvested at 16 and 20 hours.
This conditioned medium was then processed via se-
quential differential centrifugation: 300 x g for 10
minutes to remove cells and large debris; 2,000 x g
for 20 minutes to eliminate apoptotic bodies; and
10,000 x g for 30 minutes to pellet larger extracel-
lular vesicles. The resulting supernatant was sub-
jected to ultracentrifugation at 200,000 x g for 70
minutes at 4 °C utilizing a Beckman Coulter Optima
ultracentrifuge equipped with a Type 70 Ti rotor to
precipitate the SVF-sEVs. The obtained pellets were
washed once with PBS and re-ultracentrifuged at
100,000 x g for 70 minutes. To enhance vesicle purity
and remove non-EV-associated proteins and lipids,
the final SVF-sEV pellets were resuspended in PBS
and subjected to ultrafiltration using a 10 kDa Ami-
con Ultra-15 centrifugal filter unit (Millipore, Merck
KGaA, Ireland) at 4,000 x g for 30 minutes at 4 °C.
The purified SVF-sEVs were resuspended in an equal
volume of PBS and aliquoted into 1.5 mL click-lock
microcentrifuge tubes, which were either stored at
-80 °C for long-term cryopreservation or maintained
at 4 °C for immediate downstream analyses.

SVF-sEV Physicochemical Assessment to
Confirm Vesicle Identity

To confirm vesicle identity in strict accordance with
the MISEV2023 guidelines, the isolated SVF-sEVs
were characterized for size, morphology, and molec-
ular markers utilizing complementary orthogonal
techniques. The specific methodologies employed
were as follows:

+ Nanoparticle Tracking Analysis (NTA):
Particle size distribution and vesicle concentra-
tion were assessed utilizing a NanoSight LM10
instrument (Malvern Instruments, Malvern,
UK) equipped with a 405 nm laser. The SVF-
sEV samples were diluted 1:10,000 in DPBS
prior to analysis. Instrument calibration was
performed using National Institute of Stan-
dards and Technology (NIST)-traceable 200 nm

The detection threshold

and camera level were standardized at 7 and

polystyrene beads.

14, respectively.

« Transmission Electron Microscopy (TEM):
Vesicle morphology and membrane integrity
were evaluated using an FEI Tecnai T20 trans-
mission electron microscope operating at 200
kV. The acquired images were subsequently
processed utilizing Gatan Microscopy Suite
software.

+ Fluorescence Microscopy (FM): Fluores-
cence microscopy was employed to visualize
vesicle ultrastructure and to further assess the
integrity of the lipid membrane and the char-
acteristic cup-shaped morphology.

+ Western Blotting (WB): Biochemical valida-
tion of the SVF-sEVs was conducted via West-
ern blotting, in accordance with MISEV2023
recommendations. This involved probing for
the EV-enriched positive markers CD63 and
TSG101, alongside the negative marker GRP94.
The absence of GRP94 was utilized to confirm
minimal contamination by intracellular com-
ponents. Samples were concentrated, lysed,
sonicated, and centrifuged, after which the
total protein content was quantified utiliz-
ing a bicinchoninic acid (BCA) assay (Thermo
Fisher Scientific, Waltham, MA, USA). Equiv-
alent amounts of protein were separated
by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and subse-
quently detected utilizing horseradish perox-
idase (HRP)-conjugated secondary antibod-
ies (1:10,000).  P-actin (1:1,000) served as
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an internal loading control. Primary anti-
bodies directed against CD63, TSG101, and
GRP94 were sourced from Invitrogen (Cat#
SAB4301607, PA531260, and SAB2101094, re-
spectively), while secondary antibodies were
procured from Thermo Fisher Scientific (Cat#
G21234 and G21040).1°

Yield, Purity, Endotoxin, and Sterility Con-
siderations

SVF-sEV yield was quantified via NTA as particles
per frame and normalized to the initial mass of the
adipose tissue processed. This normalization facili-
tated relative comparisons across preparations and
demonstrated consistent vesicle recovery, thereby
supporting workflow reproducibility and scalability.
An Amicon ultrafiltration step was utilized to min-
imize co-isolated impurities, such as lipoproteins
and protein aggregates. The purity of the result-
ing SVF-sEV preparations was subsequently veri-
fied via Western blot analysis. Formal endotoxin
quantification utilizing a Limulus amebocyte lysate
(LAL) assay was not performed; thus, potential en-
dotoxin contributions cannot be entirely excluded
and remain a key limitation of this study. How-
ever, all SVF-sEV isolations were performed asep-
tically utilizing sterile reagents and consumables,
and no microbial contamination was observed dur-
ing processing or functional assays. Sterility was as-
sessed qualitatively by the absence of turbidity, vis-
ible microbial growth, or unexpected cytotoxicity in
downstream experiments. Future studies incorpo-
rating formal endotoxin quantification and rigorous
sterility testing will be requisite to support regula-
tory compliance and clinical translation. The pre-
pared SVF-sEVs were subsequently utilized in tripli-
cate microbiological experiments to assess their ca-
pacity to inhibit MRSA and MSSA. All experiments
were conducted in compliance with Good Clinical
and Laboratory Practice (GCLP) standards utilizing
the bacterial strains detailed below.

Bacterial Strains

The antimicrobial activity of the SVF-sEVs was eval-
uated against Staphylococcus aureus. Reference
strains of MRSA (ATCC 43300) and MSSA (ATCC
29213), alongside clinical MRSA and MSSA isolates,
were procured from the Central Research Labora-
tory. Methicillin resistance was genetically con-
firmed via polymerase chain reaction (PCR) detec-
tion of the mecA gene.

SVF-sEV In Vitro Antibacterial Activity As-
says

« Agar Diffusion Assay: [Inoculum Prepara-
tion: Three to five isolated colonies were se-
lected from the ATCC reference and clinical
strain plates, inoculated into Mueller-Hinton

(MH) broth, and incubated for 4 hours at 37

°C. The turbidity of the bacterial suspension

was subsequently adjusted to 0.5 McFarland
units (approximately 1.5 x 108 CFU/mL). Inoc-
ulation of Agar Plates: A sterile cotton swab
was immersed in the standardized inoculum
and utilized to uniformly inoculate the entire
surface of a Mueller-Hinton agar (MHA) plate
by swabbing in three intersecting directions.

Following inoculation, a sterile, heated 5 mm

cork borer was forcefully pressed into the agar

to create wells; each plate contained three to
six wells. Varying concentrations of SVF-sEVs

(0.5%, 1%, 5%, 10%, 25%, 50%, 75%, and 100%)

were then dispensed into the respective wells

to ensure effective diffusion into the S. aureus
lawns. A commercially available single-dose
ciprofloxacin disk (5 pg) served as a positive
control. The plates were incubated at 37 °C for

24 hours, after which the zones of inhibition

were measured in strict accordance with Clin-

ical and Laboratory Standards Institute (CLSI)
guidelines. !’

« Time-Kill Assay: Following the confirmation
that 100% neat SVF-sEVs (EVN) demonstrated
the highest efficacy among the tested concen-
trations, their bactericidal impact against the
S. aureus strains was evaluated longitudinally
from 4 to 24 hours, with the results compared
against a blank control.

+ Colony-Forming Unit (CFU) Enumeration
via Spread Plate Method: This assay was
conducted to quantitatively assess the inher-
ent antibacterial efficacy of the purified SVF-
sEVs. Assays were performed in 48-well mi-
crotiter plates under two experimental condi-
tions: with and without the addition of SVF-
sEVs. In the untreated control wells ("without
SVF-sEVs”), a mixture of 90 pL of fresh Luria-
Bertani (LB) broth and 10 pL of the respective
bacterial inoculum was utilized. Conversely, in
the treatment wells ("with SVF-sEVs”), 10 pL of
EVN was added to 100 pL of the respective in-
oculated culture broth. The microtiter plates
were incubated, and samples were drawn at

0, 6, and 24 hours. At each time point, a
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10 pL (0.01 mL) aliquot from each well was
spread onto fresh MHA plates using a sterile
glass spreader and incubated overnight. The
plates were subsequently examined for visible
colony inhibition, and viable microbial counts
were determined both before and after EVN
treatment. The concentration of viable bacte-
ria was calculated using the following formula:
CFU/mL = (Number of colonies x Dilution fac-
tor) / Volume plated (mL). Given that direct
plating was performed without prior dilution,
the dilution factor was 1, simplifying the cal-
culation to: Number of colonies x 100.

« Antibiofilm Activity Assay: The biofilm for-
mation capacity of both ATCC and clinical
MRSA and MSSA strains was evaluated uti-
lizing a standard microtiter plate method.'®
The S. aureus strains were inoculated into brain
heart infusion (BHI) broth and incubated for
4 hours to achieve a turbidity equivalent to
0.5 McFarland units (1.5 x 108 CFU/mL). For
the baseline biofilm formation assay, 180 pL of
fresh BHI broth was dispensed into the first
four wells of a 96-well microtiter plate, fol-
lowed by the addition of 20 pL of the stan-

A fifth

well, containing only plain BHI broth, served

dardized inoculum for each strain.

as the negative control. Each treatment group
was evaluated in triplicate, and the plate
Post-
incubation, the wells were gently rinsed three

was incubated at 37 °C for 24 hours.

times with 1x PBS, inverted, and tapped to
remove planktonic cells and residual media,
thereby minimizing background staining. Ad-
herent biofilms were fixed by adding 200 pL of
95% ethanol, followed by staining with 200 pL
of a 1% crystal violet (CV) solution per well.
The plate was incubated at room temperature
for 15 minutes, washed three times with 1x
PBS, and blotted with paper towels to remove
excess dye. Finally, 200 pL of 30% glacial acetic
acid was added to solubilize the bound CV. Af-
ter a 15-minute incubation at room tempera-
ture, the plate was inverted to dry. Uninocu-
lated broth was utilized as a control to verify
sterility and account for the non-specific bind-
ing of media components.

To evaluate the antibiofilm activity of the vesicles,
100 pL of fresh BHI broth, 50 pL of the standard
inoculum, and 50 pL of EVN were co-incubated in
the microtiter wells (i.e., SVF-sEVs were introduced

Fol-
lowing incubation at 37 °C for 24 hours, the wells

during the initial biofilm formation phase).

were washed three times with 1x PBS. The adher-
ent biomass was fixed with 200 pL of 95% ethanol,
stained with 1% CV, and washed three additional
times with 1x PBS. Subsequently, 200 pL of 30%
glacial acetic acid was added to solubilize the bound
dye. Absorbance was quantified at 570/600 nm uti-
lizing an ELISA microplate reader, employing plain
BHI broth as the negative control and BHI broth in-
oculated with ATCC MRSA as the positive control.
The cut-off optical density (ODc) was established
as three standard deviations above the mean OD of
the negative control. Based on these measurements,
isolates were categorized by their biofilm-producing
capacity as weak (OD < 2 x ODc), moderate (2 x ODc
< OD < 4 x ODc), or strong (OD > 4 x ODc).

Statistical Analysis

Data derived from the agar diffusion assays were an-
alyzed using GraphPad Prism version 9.0.2 (Graph-
Pad Software, San Diego, CA, USA). Data normal-
ity was assessed using the Shapiro-Wilk test, and
statistical significance was established at p < 0.05,
corresponding to a 95% confidence interval. Com-
parisons between MRSA and MSSA strains treated
with SVF-sEVs were conducted utilizing unpaired,
two-tailed Student’s t-tests or a one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test,
as appropriate.
ated utilizing SPSS version 26.0 (IBM Corp., Armonk,
NY, USA). Data from the time-kill kinetic assays are
presented as the mean t standard deviation (SD)

Descriptive statistics were gener-

derived from a minimum of three independent ex-
periments. Statistical differences across time points
and between treatment conditions were evaluated
utilizing a two-way repeated-measures ANOVA. For
the CFU enumeration assays, CFU/mL values were
log,o-transformed to stabilize variance and subse-
quently assessed for normality using the Shapiro—
Wilk test. In instances where normality assump-
tions were satisfied, intergroup comparisons were
performed using a one-way ANOVA with Tukey’s
post hoc test; conversely, non-parametric data were
analyzed utilizing the Kruskal-Wallis test followed
by Dunn’s post hoc analysis. A post hoc power as-
sessment indicated sufficient statistical power to de-
tect large antimicrobial effect sizes; however, given
the exploratory nature of this investigation, the
analyses were interpreted as hypothesis-generating.
Although multiple SVF-sEV concentrations were
evaluated experimentally, only data corresponding
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to the 100% concentration are presented. No correc-
tion for multiple comparisons was applied, as these
specific analyses were restricted to MRSA and MSSA
strains evaluated at a single concentration.

Baseline biofilm formation and subsequent an-
tibiofilm activity were assessed utilizing a semi-
quantitative ordinal scale (categorized as no biofilm,
weak, or moderate). For image-based analy-
ses, qualitative scores were converted into ordi-
nal numerical values (0-2) and evaluated using the
Kruskal-Wallis test to ascertain overall intergroup
differences. Because the data were categorical and
the sample sizes per group were relatively small, post
hoc pairwise comparisons were omitted, and the re-
sults are presented descriptively. These analyses are
intended to illustrate comparative biofilm behavior
and should be strictly interpreted as exploratory in

nature.

RESULTS

Identification of Isolated SVF Cells

Assessing the viability of SVF cells based on mem-
brane integrity is essential for the production of
therapeutic-grade SVF-sEVs. Utilizing a trypan blue
exclusion assay, we quantified the cell count, viabil-
ity, and overall cellular composition of the heteroge-
neous SVF population, confirming it was compara-
ble to its parent tissue source. This analysis demon-
strated 80% to 90% cell viability and revealed the
presence of a diverse immune cell population, which
accounted for approximately 80% of the hHAT cellu-
lar composition (Figure 2i, ii).

SVF-sEV Phenotypic Characterization

Within the PBS suspension of the prepared SVF-
sEVs, dispersed nanoparticles were visualized in
the raw images acquired via nanoparticle track-
ing analysis (NTA) (Figure 3). Transmission elec-
tron microscopy (TEM) identified nanoscale vesicles
morphologically consistent with SVF-sEVs; intact,
spherical structures encapsulating protein cargo
were clearly evident (indicated by red arrows, Fig-
ure 4i-iii). Furthermore, fluorescence microscopy
confirmed the presence of the intact, cup-shaped ul-
trastructure characteristic of sEVs (Figure 5).

Confirmation of MRSA Strains

A 533-base pair (bp) mecA gene amplicon was de-
tected in both the ATCC MRSA reference strain and
the clinical MRSA isolates. In contrast, the MSSA
strains exhibited no amplification, thereby confirm-

ing their methicillin susceptibility (Figure 6).

SVF-sEV In Vitro Antibacterial Activity

« Agar Diffusion Assay—MRSA Inhibition
by SVF-sEVs: All tested S. aureus strains ex-
hibited dose-dependent susceptibility to SVF-
sEVs, with maximal inhibition observed at a
100% concentration. Neat SVF-sEVs generated
zones of inhibition ranging from 12 mm to 30
mm across the tested strains (Figure 7i, ii).
The ATCC MSSA and clinical MRSA isolates
demonstrated the most pronounced inhibition.
In contrast, diluted SVF-sEVs (<25%) produced
substantially smaller or negligible zones, in-
dicating diminished efficacy. Ciprofloxacin
disks (positive control) consistently yielded
zones of inhibition comparable to those of the
100% SVF-sEVs, while PBS (negative control)
exhibited no inhibition.

« Time-Kill Assay—Bactericidal Activity
Over Time: The bactericidal effects of the
SVF-sEVs were monitored longitudinally.
Treatment with 100% neat SVF-sEVs induced
a rapid reduction in viable S. aureus counts
within 4 hours, followed by a substantial
decrease in the overall bacterial load at 24
hours (Figure 8). This time-dependent killing
kinetic demonstrates the potent and sustained
antibacterial activity of the SVF-sEVs.

+ Colony-Forming Unit (CFU) Assay: Expo-
sure to 100% SVF-sEVs resulted in substantial
reductions in CFU counts in both MRSA and
MSSA cultures at 6 and 24 hours compared
with untreated controls. The ATCC MRSA
and clinical MRSA/MSSA isolates exhibited
enhanced susceptibility, demonstrating pro-
nounced CFU declines by 24 hours. Consistent
bacteriostatic and bactericidal effects were ob-
served across all experimental replicates (Fig-
ure 9i, ii). Log,o,-transformed CFU/mL analy-
ses revealed statistically significant decreases
following SVF-sEV treatment compared with
the baseline (evaluated via a one-way ANOVA
with Tukey’s post hoc test or a Kruskal-Wallis
test with Dunn’s post hoc test, as applica-
ble), thereby supporting a robust antimicrobial
effect. Given the exploratory design of this
study, these results should be regarded as pre-
liminary yet biologically relevant.

Antibiofilm Activity of SVF-sEVs: SVF-sEV

treatment resulted in a notable suppression

of biofilm formation in both the ATCC ref-

Un-

treated controls maintained moderate biofilm

erence and clinical S. aureus strains.
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(i) (i)

Figure 2: Viability and cellular composition of the isolated hHAT-SVF. Trypan blue exclusion assays indicate 80-
90% cell viability within a diverse cell population representing approximately 80% of the hHAT cellular composi-
tion. Abbreviations: hHAT, healthy human adipose tissue; SVF, stromal vascular fraction.

Figure 3: Nanoparticle tracking analysis (NTA) of SVF-sEVs. A raw video frame displays SVF-sEVs in a phosphate-
buffered saline (PBS) suspension, illustrating discrete, non-overlapping nanoparticle trajectories without evidence
of fusion or aggregation. This pattern indicates intact vesicle membranes and a relatively homogeneous particle
population characterized by uniform Brownian motion and the absence of clumping, which is consistent with
efficient isolation and good colloidal stability of the sEV preparation. Abbreviations: NTA, nanoparticle tracking
analysis; PBS, phosphate-buffered saline; sEVs, small extracellular vesicles; SVF, stromal vascular fraction.

formation, whereas SVF-sEV-treated wells ex- biofilm categories. The negative controls re-

hibited a reduction in biofilm intensity to weak
or undetectable levels, with complete inhibi-
tion observed in the MRSA cultures. These
antibiofilm effects were consistent across the
tested strains; residual weak biofilm was de-
tected solely in the CS-MSSA isolate at 24
hours (Figure 10). Based on ODs; mea-

mained unstained, whereas the positive con-
trols retained strong staining, indicative of ma-
ture biofilms. Table 1 summarizes the base-
line biofilm formation (BF) and subsequent
antibiofilm activity (ABF) derived from these
analyses.

surements and predefined classification crite-  For quantitative classification, biofilm producers
ria, the treated wells shifted from the strong  were categorized using an ordinal scale (correspond-

or moderate categories to the weak or non- ingto codes 0 through 3) based on the cut-off optical
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Figure 4: Morphological characterization of SVF-sEVs utilizing transmission electron microscopy (TEM). Represen-
tative images (i, ii, and iii) display intact, spherical structures resembling nanovesicles (indicated by red arrows),
identified as SVF-sEVs. Abbreviations: sEVs, small extracellular vesicles; SVF, stromal vascular fraction; TEM, trans-

mission electron microscopy.

Figure 5: Fluorescence microscopy of SVF-sEVs. The red arrow indicates an intact, cup-shaped ultrastructure
characteristic of sEVs. Abbreviations: sEVs, small extracellular vesicles; SVF, stromal vascular fraction.

Table 1: Semi-quantitative ordinal scale analysis of SVF-sEVs effect on biofilm formation (BF) and antibiofilm
activity (ABF) against tested Staphylococcus aureus strains.

Assay ATCC MRSA  ATCC MSSA CS-MRSA CS-MSSA -Ve control (NC)  +ve control (PC)
BF moderate (2) moderate (2) weak (1) moderate (2) no biofilm (0) )
ABF  no biofilm (0)  no biofilm (0)  no biofilm (0) weak(1) no biofilm (0) (0)
density (ODc). The negative control (NC) consisted DISCUSSION

solely of plain media, while the positive control (PC)
comprised media inoculated with ATCC MRSA. The
classification criteria were formally defined as fol-
lows:

« 0 (Non-biofilm producer): OD < ODc
« 1 (Weak producer): ODc <OD =2 x ODc

+ 2 (Moderate producer): 2 x ODc < OD < 4 x
ODc

« 3 (Strong producer): OD > 4 x ODc

This study aimed to evaluate the antibacterial ef-
ficacy of SVF-sEVs against both clinical isolates
and standard reference strains of MSSA and MRSA.
Although previous studies have reported the an-
tibacterial activity of mesenchymal cell-derived EVs,
our demonstration of their efficacy against MRSA
biofilms utilizing adipose SVF-derived sEVs repre-
sents a novel contribution to the field. This ex-

ploratory, proof-of-concept study was explicitly de-
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Figure 6: Detection of the mecA antibiotic resistance gene in MRSA strains. Polymerase chain reaction (PCR)
amplification confirms the presence of the 533-bp mecA gene. Lane 1: Positive control; Lane 2: Negative control;
Lane 3: ATCC MRSA reference strain; Lane 4: Empty; Lane 5: Clinical MRSA isolate. Abbreviations: ATCC, American
Type Culture Collection; bp, base pairs; MRSA, methicillin-resistant Staphylococcus aureus; PCR, polymerase chain
reaction.

5% neat SVF - SEVs

.

25”/;&31 SVF - sEVs

(U] (i)

Figure 7: Agar diffusion assay evaluating the antibacterial activity of SVF-sEVs against Staphylococcus aureus. (i) A
wider clear zone of inhibition (red arrow) demonstrates that 100% neat SVF-sEVs strongly inhibit bacterial growth,
whereas 95% diluted SVF-sEVs show a reduced effect (blue arrow). (ii) SVF-sEVs suspended in PBS, prepared either
with a penicillin-streptomycin antibiotic-antifungal mix (PS-positive) or without it (PS-negative/neat PBS), were
tested against the ATCC MRSA strain. The 100% neat SVF-sEVs preparation without antibiotics (EVN) markedly in-
hibited bacterial growth, producing a distinct clear zone of inhibition (red arrow). Abbreviations: ATCC, American
Type Culture Collection; EVN, neat SVF-sEVs; MRSA, methicillin-resistant Staphylococcus aureus; PBS, phosphate-
buffered saline; PS, penicillin-streptomycin; sEVs, small extracellular vesicles; SVF, stromal vascular fraction.
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Note: EVN= 100% neat SVF-sEVs.

Figure 8: Time-kill kinetics of neat SVF-sEVs (EVN) against the ATCC MRSA strain. The antibacterial activity of
EVN against S. aureus was evaluated longitudinally over a 24-hour period compared with an untreated blank con-
trol. By 24 hours, EVN-treated cultures exhibited marked inhibition of bacterial growth, whereas the blank control
showed rapid bacterial proliferation. At 4 hours, an initial reduction in viable counts was observed in the EVN
group. Abbreviations: ATCC, American Type Culture Collection; EVN, neat SVF-sEVs; MRSA, methicillin-resistant
Staphylococcus aureus; S. aureus, Staphylococcus aureus; sEVs, small extracellular vesicles; SVF, stromal vascular

fraction.
U} (ii)
Evaluation of the . aureus strains (CFU/mI) before and after SVF-SEVs treatment at Evaluation of the S. aureus strains (CFUIml) before and after SVF-SEVs
treatment at 24 hours
35000 40000
ATCC MRSA ATCC MSSA
3.07 104 349x 10° ATCC MRSA
20000 35000 3.42x 10
30000
25000
5 25000
20000 £
€ CS-MRSA 5
5 1.98x 10° CS-MSSA -
‘6 1.85x 104
15000
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10000 ATCC MSSA
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10000 CS-MSSA
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0.18x 10 5000
N / CS_MSSA -_—
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Figure 9: Quantitative colony-forming unit (CFU) assay assessing the viability of Staphylococcus aureus following
SVF-sEV treatment. Bacterial colonies were quantified using the spread plate method before and after SVF-sEV
treatment at 6 and 24 hours. Relative to the untreated baseline and the 6-hour time point, treatment resulted in a
substantial reduction in bacterial colony counts by 24 hours. Abbreviations: CFU, colony-forming unit; sEVs, small
extracellular vesicles; SVF, stromal vascular fraction.
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The observed antibiofilm activity of SVF-sEVs against MRSA and MSSA (reference and
clinical strains) was noted after 24 hrs

25

ATCC MRSA ATcc MSSA

ll' CS-MRSA

Antibiofilm activity level

BF= Biofilm; ABF= Antibiofilm
mBF mABF

CS-MSSA
PC

NC

y 4
ABF

BF

Figure 10: Antibiofilm activity of SVF-sEVs against Staphylococcus aureus strains at 24 hours. Co-incubation with
SVF-sEVs resulted in a significant reduction in biofilm formation for ATCC MRSA, ATCC MSSA, and CS-MRSA isolates,
while the CS-MSSA isolate exhibited a moderate reduction. Note: Biofilm producers were classified based on a cut-
off optical density (ODc): non-biofilm producer (OD < ODc); weak (ODc < OD < 2xODc); moderate (2xODc < OD
< 4x0Dc); and strong (OD > 4x0Dc). The negative control (NC) utilized uninoculated media, and the positive
control (PC) utilized media with an ATCC MRSA inoculum. Abbreviations: ATCC, American Type Culture Collection;
CS, clinical strain; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus
aureus; OD, optical density; ODc, cut-off optical density; sEVs, small extracellular vesicles; SVF, stromal vascular

fraction.

signed to evaluate the antimicrobial activity of SVF-
sEVs utilizing standardized in vitro assays.
Antibacterial assays against the MRSA strains were
conducted via optical density measurements at 600
nm (ODggo), recorded with a Synergy™ HTX mi-
croplate reader (BioTek Instruments, Winooski, VT,
USA). Data were analyzed utilizing GraphPad Prism
version 9.0 (GraphPad Software, San Diego, CA,
USA). Both a clinical isolate of S. aureus and the
methicillin-resistant reference strain ATCC 43300,
sourced from the Central Research Laboratory’s mi-
crobiology repository, were selected to assess the
antibacterial activity and potential clinical signifi-
cance of the SVF-sEVs. The findings demonstrated
that a concentration of 2.15 x 10° EVs/100 uL of EVN
(100% neat SVF-sEVs) exhibited significant antibac-
terial activity, albeit with variable efficacy across the
tested strains.

The zone of inhibition assays demonstrated that
EVN possess inherent antibacterial properties, as ev-
idenced by a concentration-dependent increase in
zone diameter. Specifically, EVN produced inhibi-
tion zones comparable to those of standard antibi-
otic disks (25-30 mm) against both the ATCC MSSA
and clinical MRSA strains. These observations align

with previous reports indicating that sEVs from mes-
enchymal sources can mediate antimicrobial effects,
potentially via the transfer of bioactive molecules
such as antimicrobial peptides, microRNAs (miR-
NAs), or metabolic enzymes.' The complete ab-
sence of inhibitory activity in the PBS negative con-
trol confirms that the observed effects are specific
to the SVF-sEVs rather than the suspension vehicle.
The time-kill assays further substantiated the an-
tibacterial action of EVN, revealing a marked, time-
dependent reduction in viable bacterial cells, partic-
ularly in the ATCC MSSA strain, within the first 4 to
6 hours post-treatment. This rapid onset of action
suggests a direct antimicrobial mechanism, poten-
tially mediated through bacterial membrane disrup-
tion or interference with essential cellular processes.
This effect persisted for up to 24 hours, indicating
the sustained activity of the SVF-sEVs. In the CFU
assays, bacterial colony counts were consistently re-
duced across all strains at 24 hours compared with
the 6-hour mark. The most pronounced reductions
were observed in the clinical isolates (CS-MRSA and
CS-MSSA), followed by the ATCC MRSA strain. Sta-
tistical testing was performed on log,,-transformed
CFU data utilizing appropriate omnibus and post
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hoc methods. Collectively, these results support the
hypothesis that 100% neat SVF-sEVs (EVN) can sig-
nificantly inhibit the proliferation of S. aureus, irre-
spective of its specific resistance phenotype.
Biofilm formation is a critical virulence factor in S.
aureus, particularly in MRSA infections, contribut-
ing to persistent and recurrent disease states due to
enhanced antibiotic tolerance.?’ Biofilm inhibition
assays demonstrated that EVN can effectively dis-
rupt preformed biofilms in both reference and clin-
ical strains. This is a notable finding, given that
few existing therapeutic agents exhibit consistent
efficacy against mature biofilms. The moderate re-
sponse observed in the CS-MSSA isolate may re-
flect intrinsic differences in biofilm matrix composi-
tion, metabolic status, or strain-specific vesicle up-
take kinetics. Formal multiplicity correction was
not strictly required, as only a single concentration
(100% SVF-sEVs) and a highly limited set of biolog-
ically related bacterial strains were included in the
final analysis. Overall, the data indicate that EVN
exhibit multimodal antibacterial properties, affect-
ing both planktonic cells and established biofilms in
a time- and strain-dependent manner. Such vari-
ability may stem from underlying genetic and phe-
notypic differences, including variations in mem-
brane composition, resistance gene expression pro-
files, and dynamic interactions with host-derived
vesicular components. Further in vivo studies are
warranted to comprehensively assess the therapeu-
tic potential of this novel strategy.

Furthermore, SVF-sEVs offer several distinct practi-
cal advantages. As naturally derived vesicles with
inherent antibacterial properties, they are highly
biocompatible with the human immune system and
function as cell-free, drug-free therapeutic agents.
They are also significantly less likely than synthetic
antibiotics to drive bacterial resistance, positioning
them as sustainable, host-derived alternatives in the
context of global antimicrobial resistance (AMR).
Additionally, the relative abundance of adipose tis-
sue supports the large-scale production of high-
quality sEVs. Their minimally invasive procurement
from immune and stromal cell populations—which
are already recognized for their therapeutic utility—
further enhances their translational appeal.

Study Limitations

Despite these encouraging findings, several impor-
tant limitations must be acknowledged:

« Exploratory Design and Sample Size: A
primary constraint is the exploratory, in vitro
design combined with a small sample size,

which limits statistical power and precludes
definitive conclusions regarding precise effect
sizes and dose-response relationships. Accord-
ingly, only basic statistical methods appropri-
ate for the available data were applied, and
the current results are presented strictly as
hypothesis-generating. Larger studies with
greater biological replication and comprehen-
sive dose-response testing are requisite to val-
idate and refine these initial observations.
Mechanistic and Translational Gaps: The
molecular mechanisms underlying the an-
tibacterial effects of SVF-sEVs were not inves-
tigated, nor were in vivo validation studies per-
formed; both remain essential steps toward the
development of dosage-based nanotherapies
and personalized treatment regimens. Key
translational parameters, such as donor vari-
ability, long-term vesicle stability, and the im-
munomodulatory behavior of SVF-sEVs under
physiological conditions, were not evaluated,
though they are critical for assessing true clin-
ical feasibility.

Dosing and Proteomic Profiling: SVF-sEVs
were evaluated at only a single concentration
(100%), and quorum sensing (QS) gene expres-
sion relative to antibiofilm activity was not ex-
amined. This limits mechanistic interpretation
and the ability to define precise therapeutic
windows. Future studies must measure and re-
port the particle concentration corresponding
to each EVN treatment level to enhance trans-
lational relevance. Additionally, this study
lacked proteomic or microRNA (miRNA) pro-
filing of the SVF-sEVs, as well as compar-
ative analyses with sEVs derived from non-
antibacterial sources, thereby restricting in-
sights into specific bioactive cargoes and sig-
naling pathways.

Future Therapeutic Directions: Inhibition
experiments (e.g., utilizing proteases, RNases,
or other targeted inhibitors) to identify the
specific active components responsible for
the antibacterial activity were omitted but
should be incorporated into subsequent stud-
ies. From a therapeutic perspective, com-
bination regimens were not assessed. The
co-administration of SVF-sEVs with conven-
tional antibiotics represents a highly promis-
ing future direction, as it may synergistically
enhance antibacterial efficacy while permit-
ting dose reductions of traditional synthetic
agents, thereby potentially mitigating the fur-
ther emergence of AMR.
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« Statistical Power: A post hoc power assess-
ment indicated that the study lacked sufficient
statistical power to detect small to moderate
between-group differences, largely due to the
qualitative scoring system employed for cer-
tain assays and the use of single observations
per condition. Consequently, statistical anal-
yses were intended to illuminate descriptive
trends rather than provide definitive inferen-
tial conclusions.

« Safety and Scalability: The absence of for-
mal endotoxin quantification and rigorous
sterility testing is a key limitation of the
present study and must be explicitly addressed
in future work focused on clinical translation
and scalable manufacturing.

CONCLUSION

While the majority of existing sEV-related antimi-
crobial studies focus on plant- or bacteria-derived
vesicles, this investigation demonstrates the novel
application of human-derived SVF-sEVs as intrin-
sic nanoscale antimicrobial and antibiofilm agents.
This approach leverages host-derived vesicles pos-
sessing inherent antimicrobial properties to target
both MRSA and MSSA, encompassing reference
strains as well as clinical isolates. Consequently, our
findings address an urgent clinical demand for in-
novative, highly biocompatible antibacterial agents
that circumvent the reliance on cell-based thera-
pies or conventional pharmacological strategies for
the management of MRSA. The in vitro results pre-
sented herein provide a robust foundation for sub-
sequent in vivo studies designed to thoroughly eval-
uate the safety, efficacy, and underlying molecular
mechanisms of SVF-sEVs under physiological condi-
tions. Ultimately, advancing this line of research has
the potential to facilitate the development of next-
generation, host-derived nano-antimicrobial ther-
apeutics for the management of recalcitrant and
difficult-to-treat infections.

ABBREVIATIONS

ABF: antibiofilm activity; AMR: Antimicrobial re-
sistance; ANOVA: analysis of variance; ARM:
Antibiotic-resistant microorganisms; ATCC: Amer-
ican Type Culture Collection; BCA: bicinchoninic
acid; BF: biofilm formation; BHI: brain heart
BMI: Body Mass Index; cCM:
centrated conditioned medium; CFU: Colony-

infusion; con-
forming unit; CLSI: Clinical and Laboratory Stan-
dards Institute; CS: clinical isolates; CV: crys-
tal violet; DMEM: Dulbecco’s modified Eagle’s

medium; DPBS: Dulbecco’s phosphate-buffered
saline; EPS: extracellular polymeric substances;
EVN: neat SVF-sEVs; EVs:
FBS: Fetal bovine serum; FM: Fluorescent mi-

Extracellular vesicles;

croscopy; GCLP: Good Clinical and Laboratory
Practice; hHAT: healthy human adipose tissue;
HRP: horseradish peroxidase; ISO: International
Organization for Standardization; LAL: Limulus
amebocyte lysate; LB: Luria-Bertani; MH: Mueller-
Hinton; MHA: Mueller-Hinton agar; miRNAs: mi-
croRNAs; MRSA: Methicillin-Resistant Staphylo-
coccus aureus; MSSA: Methicillin-Sensitive Staphy-
NABL: National Accreditation
Board for Testing and Calibration Laboratories; NC:

lococcus aureus;

negative control; NIST: National Institute of Stan-
dards and Technology; NTA: Nanoparticle tracking
analysis; ODc: cut-off optical density; PBS: Phos-
phate buffer saline; PC: positive control; PCR: poly-
merase chain reaction; QS: quorum sensing; SD:
standard deviation; SDS-PAGE: sodium dodecyl
sulfate-polyacrylamide gel electrophoresis; sEVs:
Small Extracellular Vesicles; STROBE: Strengthen-
ing the Reporting of Observational Studies in Epi-
demiology; SVF: Stromal Vascular Fraction; TDE:
tissue digestion enzyme; TEM: Transmission elec-
tron microscopy; ti-sEVs: primary tissue sources de-
rived small extracellular vesicles; WB: Western blot-
ting; WHO: World Health Organization; ZOI: zone
of inhibition
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