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Background

In clinical practice, the use of extracellular vesicles(EVs) is limited by variability in pre-analytical
isolation workflows. We compared two automated isolation methods with one manual size-
exclusion chromatography (SEC) method, benchmarking them against MISEV2023 guidelines
and IFCC preanalytical quality criteria.

Methods

The cohort included 10 healthy controls (HCs); serum and plasma samples were collected
from each donor. Samples were processed using ultrafiltration-oscillation (EXODUS),
automated size-exclusion chromatography (Summit), and manual gravity-flow SEC (qEV). After
purification, Nanoparticle Tracking Analysis (NTA) and Single-Particle Interferometric
Reflectance Imaging Sensor (SP-IRIS) were employed to measureyield, particle-to-protein ratio
(PPR), inter-run reproducibility within each matrix(CV%), and neural subpopulation recovery.

Results

EXODUS achieved the highest particle recovery and PPR in both matrices, exceeding SEC-
based methods by approximately one order of magnitude (serum: 4.91 x 10" vs. ~5 x 10"°
particles/mL; P < 0.0001).However, only Summit met the predefined reproducibility threshold
(CV% <20%) in both serum (18.9%) and plasma (16.5%); manual SEC showed the highest
variability (CV% >45%). Size distributions were comparable across platforms. SP-IRIS revealed
that Summit recovered higher neural-marker signals than EXODUS despite lower total yield,
suggesting that ultrafiltration-oscillation may compromise epitope integrity. Workflow analysis
confirmed Summit's superior scalability (4-48 samples per run, 10-15 min hands-on time).

Conclusions

No single method optimizes all parameters. EXODUS maximizes yield for sensitivity-limited
research; Summit satisfies analytical-grade reproducibility and biomarker fidelity
requirements; gEV remains methodological benchmark. Method selection should be driven by
the intended clinical application rather than by particle count alone.



