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Abstract

Extracellular vesicles (EVs) have significant potential as therapeutic agents and as sources of diagnostic, predictive,
and prognostic nucleic acid biomarkers. However, variability in EV workflows and inadequate standardization of
downstream analysis pose major obstacles to reproducibility. The MISEV (Minimal Information for Studies of
Extracellular Vesicles) guidelines provide essential domain-specific recommendations for EV isolation,
characterization, analysis, nomenclature, and reporting, but deliberately refrain from prescribing methods for the
molecular quantification of EV cargo. Among the analytical platforms used in EV studies, quantitative reverse
transcription PCR (RT-gPCR) is the most critical method for validating and quantifying EV-associated RNA. The
recently revised MIQE (Minimum Information for Publication of Quantitative Real-Time PCR Experiments) 2.0
guidelines offer a detailed foundation for ensuring analytical validity in RT-gPCR-based quantitative applications.
The proposed model of harmonizing general and domain-specific guidelines provides a scalable blueprint for
improving reproducibility across complex biomarker development workflows in molecular diagnostics.
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INTRODUCTION

Extracellular vesicles (EVs) are nanoscale, membrane-bound particles actively released by cells into the
extracellular space. They encapsulate and protect molecular cargo such as proteins, lipids, and nucleic acids
that reveal the physiological or pathological state of their cell of origin. Through their role in intercellular
communication, EVs have emerged as a powerful source of circulating biomarkers". Their diagnostic
potential spans oncology, neurology, infectious diseases, fibrosis, and beyond"”. However, the technical
complexity of isolating and characterizing EVs from diverse biofluids compromises reproducibility across
studies, raising concerns about the validity of reported biomarkers and the feasibility of clinical
translation™.

To address these challenges, the International Society for Extracellular Vesicles (ISEV) developed the
MISEV (Minimal Information for Studies of Extracellular Vesicles) guidelines, first published in 2014,
revised in 2018, and most recently revised with a detailed methodological checklist” and a comprehensive
guide to EV research, biomarker discovery, and translational applications"®. MISEV provides structured
recommendations for EV characterization, including the use of molecular markers, biophysical analysis,
high-resolution imaging, and functional assays. Although MISEV deliberately does not prescribe specific
methodologies for nucleic acid quantification, its widespread citation and incorporation into community
initiatives such as EV-TRACK suggest that these guidelines have promoted increased transparency and
consistency in EV research and diagnostic applications'”.

EV CARGO QUANTIFICATION AND THE ROLE OF QUANTITATIVE REVERSE
TRANSCRIPTION PCR

A variety of platforms are used to analyze EV-associated nucleic acids, including microarrays, reverse
transcription PCR (RT-PCR), and RNA sequencing. Among these, reverse transcription quantitative PCR
(RT-qPCR) is most widely used for validating candidate RNA biomarkers due to its sensitivity, specificity,
and compatibility with clinical sample volumes. However, the reliability of RT-qPCR results depends
critically on multiple factors such as primer design, RNA extraction, reverse transcription efficiency, data
normalization, and statistical analysis. Minor variations in these steps can lead to significant discrepancies
in reported outcomes'*.,

The MIQE (Minimum Information for Publication of Quantitative Real-Time PCR Experiments) guidelines
offer a comprehensive framework for analytical rigor and reproducibility of qPCR workflows. Originally
published in 2009"" and recently revised"”, MIQE promotes methodological transparency and
reproducibility in qPCR-based experiments. It covers critical aspects such as RNA quality assessment, RT
conditions, primer specificity, amplification efficiency, and data normalization strategies. When rigorously
applied, MIQE-compliant workflows reduce technical noise and support accurate, reproducible, and
biologically meaningful data interpretation. Recent studies have also advanced the analytical rigor of RT-
qPCR in EV research by introducing tools such as panels of stably expressed reference genes across diverse
EV populations in liquid biopsy"*'¥ and recombinant EVs engineered to contain exogenous RNA, which
serve as spike-in controls for assay validation and method comparison"?. These innovations align with
MIQE principles and further enable accurate and reproducible quantification of EV-associated RNA. While
high-throughput techniques such as RNA sequencing have greatly expanded the discovery of novel
potential biomarkers such as microRNAs, long non-coding RNAs, circular RNAs, and miscellaneous
fragmented RNAs", these methods require robust, independent validation. In most research studies,
validation is performed using RT-qPCR, utilizing the methodological robustness encapsulated in MIQE.
Thus, MIQE principles are central not only to primary data generation but also for validation of
discoveries'"”.
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INTEGRATING MIQE INTO THE MISEV FRAMEWORK

The two guidelines are inherently complementary: MISEV addresses pre-analytical and EV-specific
considerations, while MIQE defines best practices for nucleic acid quantification and transparent data
reporting. The MISEV guidelines were developed under the auspices of the “ISEV” through dedicated
working groups, community-wide consultation, and iterative revisions in 2018 and 2023"*”, while MIQE
emerged from an international consortium of qPCR experts following focused workshops and collaborative
discussions, with MIQE 2.0 reflecting technological and analytical advances since the original 2009
publication""*?. Earlier ISEV position papers provided complementary guidance, including
recommendations on EV RNA analysis and bioinformatics™ and on the standardization of sample
collection, isolation, and analysis"”. These documents further reinforce the rationale for harmonizing MIQE
and MISEV principles. Table 1 distinguishes parameters specific to MISEV, those unique to MIQE, and
those addressed by both. This structure underscores that while MISEV provides domain-specific
recommendations for EV isolation and characterization, it also includes guidance relevant to nucleic acid
analysis, notably the quantification of total RNA (MISEV2023 §5.5) and nucleic acid characterization
(MISEV2023 §6.5). MIQE, in contrast, defines the methodological details required for robust RT-qPCR
assay design, validation, and transparent reporting. Areas of overlap include RNA quality control, assay
validation, and data reporting, where adherence to both frameworks is essential for reproducibility.

Incorporating MIQE into the MISEV framework is therefore a logical extension, ensuring analytical rigor in
the molecular quantification of EV-associated RNAs and maximizing reproducibility of the results. MISEV
provides recommendations on how to assess the presence and purity of EVs using a combination of
markers and biophysical approaches, but it does not teach how to reliably quantify the molecular cargo once
the EVs are isolated. MIQE fills this gap by recommending a systematic evaluation of reverse transcription
efficiency, assessment of PCR efficiency, and the use of validated reference genes for data normalization.

[20]

These steps are essential to avoid technical biases that may obscure true biological differences

In addition, MIQE’s recommendations for structured assay design and transparent reporting support the
reproducibility of EV transcriptomic data across platforms and laboratories. MIQE emphasizes the need to
report primer sequences, reaction conditions, and raw quantification cycle (Cq) values, which aligns directly
with MISEV’s emphasis on transparent reporting. Without this level of detail, even studies that adhere to
MISEV’s isolation and characterization protocols may yield qPCR results that are not comparable among
laboratories.

A third key area where MIQE supports MISEV goals is the validation of orthogonal methods. MISEV
encourages the use of at least three different types of evidence, typically protein EV-specific surface markers,
particle size measurements, high-resolution imaging, and the absence of protein or vesicular contaminants,
to confirm EV identity. MIQE adds to this by recommending the inclusion of no-template controls, minus-
RT controls, and melt curve analysis to ensure the specificity of the RT-qPCR assays used. These controls
are particularly important in EV research, where low RNA input and contamination from non-vesicular
sources can confound interpretation.

Finally, MIQE also addresses the often-overlooked issue of data analysis and interpretation. The guidelines
recommend the use of appropriate statistical methods for both technical and biological replicates, and call
for transparency in reporting error metrics, confidence intervals, and normalization strategies. This is
particularly relevant in EV research, where biological variability from different liquid biopsies is often
compounded by technical noise introduced during sample handling, storage, EV isolation, characterization,
and quantification. Failure to account for these confounding factors can lead to misinterpretation of results,
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Table 1. Scope and positioning of MISEV and MIQE guidelines in the EV analysis pipeline

Stagein EV
workflow

MISEV-specific

MIQE-specific

Both

Example parameters

Pre-analytical

Characterization

Molecular assay
preparation

Assay design and
validation

Data acquisition

EV source description (biofluid, cell
type); isolation method
(ultracentrifugation, size exclusion
chromatography, precipitation, etc.);
removal of contaminants; storage
conditions

Particle size, distribution and
concentration (NTA, TRPS, TEM);
protein markers (EV positive and
negative, tissue or cancer specific);
imaging; biochemical composition

MISEV2023 §5.5: quantification of
total RNA;

MISEV2023 §6.5: nucleic acid
characterization

MISEV2023 §6.5: recognition of
nucleic acid characterization,
validation requirements

Not directly addressed

Not directly addressed

Not directly addressed

RNA quality and quantity
assessment; contamination
checks

Primer/probe sequences;
specificity checks;
amplification efficiency;
reverse transcription
conditions

Reporting of Cq values;

inclusion of controls (NTC, -

RT); melt curves;

Transparent reporting of
sample provenance,
handling, and storage

Documentation of EV
purity and integrity
alongside downstream
molecular assays

RNA input quantity,
quality control, and
contamination
assessment required prior
to downstream analysis

Transparency in assay
design, validation of
controls and standards,
and overall reproducibility

Use of appropriate
controls, standards and
full reporting of raw data

Volume and type of
starting material;
storage temperature and
duration; processing
time

Particle concentration
units; vesicle
morphology images;
marker expression
profiles

RNA integrity metrics
(RIN/RQD); yield per

vesicle/volume; DNA
contamination checks

Primer sequence
disclosure; efficiency
90%-110%; linear
dynamic range; RT
protocol

Raw Cq tables; replicate

Cq SD; melt curve
profiles

technical/biological
replicates

Reference gene
validation; normalization
method; %CV on fold
changes

Reporting of raw data
tables, replicate statistics,
and definition of technical
vs. biological variability

SOPs, inter-lab
comparisons,
reproducibility and
transparency in clinical
settings

Normalization strategy; error
metrics; statistical analysis;
confidence intervals

Transparent description of EV identity
and purity

Data analysis and
reporting

SOPs for assay; inter-lab
comparison results;
reproducibility %CV

Analytical validity
documentation;
reproducibility metrics;
traceability

Standardized EV terminology and
provenance

Regulatory and
clinical translation

This table highlights the complementarity of MISEV and MIQE. The column entitled “MISEV-specific” captures EV-focused recommendations, the
column entitled “MIQE-specific” details the RT-gPCR standards, and the column entitled “Both” identifies parameters jointly addressed. The last
column shows example parameters. Together, these frameworks provide coverage from pre-analytical EV handling to downstream molecular
quantification, ensuring methodological transparency and reproducibility. EV: Extracellular vesicle; MISEV: Minimal Information for Studies of
Extracellular Vesicles; MIQE: Minimum Information for Publication of Quantitative Real-Time PCR Experiments; NTA: nanoparticle tracking
analysis; TRPS: tunable resistive pulse sensing; TEM: transmission electron microscopy; RNA: ribonucleic acid; DNA: deoxyribonucleic acid; RIN:
RNA integrity number; RQl: RNA quality indicator; RT: reverse transcription; Cq: quantification cycle; NTC: no template control; SD: standard
deviation; CV: coefficient of variation; SOP: standard operating procedure.

especially when distinguishing biologically meaningful signals from systematic bias and stochastic variation.
By emphasizing statistical robustness and data quality, MIQE complements MISEV’s pre-analytical focus
and helps ensure that derived conclusions are both reproducible and scientifically credible. The combined
implementation of MIQE and MISEV thus extends beyond laboratory protocols, shaping a researcher’s
laboratory mindset to value methodological consistency, rigorous analysis, and transparent reporting. This
may be important for any kind of EV characterization or functional studies, but is essential for confidence
in EV-based biomarker studies”'’.

Integrated MISEV-MIQE guidelines offer a comprehensive framework for EV-based molecular diagnostics:
MISEV ensures the biological integrity and purity of vesicle preparations, and MIQE safeguards the
analytical credibility of their molecular characterization. By formally recognizing this complementarity, the
field can move toward a harmonized and reproducible standard of research that facilitates cross-study
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comparisons, meta-analyses, and clinical translation.

TOWARD A GENERALIZABLE FRAMEWORK

While proposing here the complementary and logical integration of MIQE into a domain-specific guideline
such as MISEV, this model can be extended to other application areas where (RT-)qPCR plays a central role
- for example, microRNA research, circulating tumor DNA analysis, exRNA biomarkers, and single-cell and
spatial transcriptomics. Each of these fields presents distinct challenges, but shares the need for standardized
molecular workflows and would benefit from aligning field-specific practices with the principles of MIQE.
While high-throughput approaches such as RNA sequencing are often used for biomarker discovery and
exploratory research, downstream validation and quantification typically rely on RT-qPCR, where
adherence to MIQE is essential to ensure analytical reliability and validity. More broadly, we argue that
general standards such as MIQE should not be viewed as isolated technical checklists but as an adaptable
framework that supports reproducibility across diverse biomedical contexts. Integrating such standards into
domain-specific guidelines is a necessary step if molecular analysis is to address its reproducibility crisis and
realize the full clinical potential of liquid biopsies and other emerging practices. Moreover, standardized
reporting enables meaningful comparisons across studies, paving the way for robust meta-analyses,
regulatory acceptance, and eventual integration into the clinical diagnostic workflows. This is particularly
relevant in the context of multi-site collaborations, regulatory submissions, and diagnostic assay
development, where the absence of methodological uniformity remains a significant barrier.

Beyond qPCR, the principle of integrating general and domain-specific standards is equally applicable to
other platforms used in EV research, such as digital PCR (dPCR), immunoassays, and emerging
microfluidic technologies. For dPCR, the digital MIQE (dMIQE) guidelines are available and offer a similar

[22,23

framework for integration”**’. A broader effort to contextualize these frameworks for EV research and

other domains would promote consistency and cross-platform compatibility.

LOOKING AHEAD - REGULATORY, EDUCATIONAL, AND TECHNOLOGICAL
PERSPECTIVES

The integration of MIQE and MISEV is also highly relevant for regulatory bodies. As EV-based diagnostics
advance toward clinical implementation, reproducibility, traceability, and transparency will be essential for
regulatory approvals. Agencies such as the Food and Drug Administration (FDA) and European Medicines
Agency (EMA) increasingly expect robust validation frameworks, including evidence of assay performance,
standardized protocols, and transparent reporting. The combined MIQE-MISEV can facilitate this process
by providing a harmonized foundation for assay development, method validation, and inter-laboratory
comparisons. This is particularly important for clinical trials involving EV biomarkers, where consistent
protocols are essential for achieving statistically and clinically meaningful results"**.

A major challenge to the effective implementation of MIQE and MISEV lies in community-wide adoption.
Although awareness of these guidelines is growing, many researchers remain unfamiliar with their full scope
or perceive them as optional. Implementing both frameworks also introduces a greater burden in terms of
experimental planning, documentation, and compliance. However, it is an investment essential to ensure
the reproducibility and interpretability of EV biomarker data. Greater uptake will require coordinated
efforts by stakeholders across academia, publishers, funding bodies, and educational bodies. Journals and
funding bodies can support this process by encouraging or requiring guideline-compliant reporting, while
integration into reviewer checklists and postgraduate curricula can embed good scientific practice from the
outset. Transparent, standardized workflows not only improve data quality, but also enhance the credibility
and translational value of EV-based molecular diagnostics.
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As molecular diagnostics continues to evolve, the principles embodied by MIQE and MISEV must remain
adaptable. Emerging technologies, including single-EV analysis, microfluidics, and multi-omic profiling,
will introduce new sources of variability and analytical complexity. Rather than being replaced, existing
guidelines must evolve to interface with these technologies, offering modular but coherent
recommendations for new contexts. This flexibility will be essential as the field moves from bulk
measurements to highly granular and integrated diagnostic approaches. The MIQE-MISEV model may
therefore serve as a living template for building future-ready standards that can support both innovation
and reproducibility.

CONCLUSION

The growing interest in EVs as an important source of circulating nucleic acid biomarkers demands a
parallel commitment to methodological standardization. MISEV has significantly advanced the field by
establishing best practices for EV isolation and characterization. However, full reproducibility and analytical
validity can only be achieved when downstream molecular quantification is held to equally rigorous
standards. MIQE provides this necessary complement, offering a robust framework to ensure that gPCR-
based analyses of EV-associated nucleic acids are scientifically sound, transparent, and reproducible. We
propose that MIQE and MISEV be jointly adopted in EV biomarker discovery studies, with MIQE guiding
analytical processes and MISEV anchoring pre-analytical integrity. Together, they reinforce the entire
experimental pipeline, enabling more reliable cross-study comparisons, supporting regulatory validation,
and accelerating clinical translation. As the field moves toward increasingly complex and data-rich clinical
applications in liquid biopsy, such an integrated approach is both timely and essential. Standardized,
transparent, and reproducible workflows are the foundation of credible biomarker discovery and are critical
for translating laboratory insights into clinical realities. This model of harmonizing general and domain-
specific guidelines provides a scalable blueprint for improving reproducibility across complex biomarker
development workflows in molecular diagnostics.

DECLARATIONS

Acknowledgments

The graphical abstract was created with BioRender.com [Created in BioRender. Vandesompele J. (2025)
https://BioRender.com/zyaobrm)].

Authors’ contributions
Made equal substantial contributions to the conception, design, and writing of the commentary: Pfaffl MW,
Kubista M, Vandesompele J, Bustin SA

Availability of data and materials
Not applicable.

Al and Al-assisted tools statement
Not applicable.

Financial support and sponsorship
Kubista M was supported by RVO: 86652036, The Grant Agency of the Czech Republic (GA24-12027S).

Conflicts of interest

Pfaffl MW is an Associate Editor of the journal Extracellular Vesicles and Circulating Nucleic Acids. Pfaffl
MW was not involved in any steps of editorial processing, notably including reviewer selection, manuscript
handling, or decision making. The other authors declared that there are no conflicts of interest.


https://BioRender.com/zya9brm

Pfaffl et al. Extracell Vesicles Circ Nucleic Acids. 2025;6:669-76 | https://dx.doi.org/10.20517/evcna.2025.68 Page 675

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2025.

REFERENCES

1. Yanez-Mo6 M, Siljander PR, Andreu Z, et al. Biological properties of extracellular vesicles and their physiological functions. J
Extracell Vesicles. 2015;4:27066. DOI PubMed PMC

2. Gritz C, Schuster M, Brandes F, et al. A pipeline for the development and analysis of extracellular vesicle-based transcriptomic
biomarkers in molecular diagnostics. Mol Aspects Med. 2024;97:101269. DOI PubMed

3. Gardiner C, Di Vizio D, Sahoo S, et al. Techniques used for the isolation and characterization of extracellular vesicles: results of a
worldwide survey. J Extracell Vesicles. 2016;5:32945. DOI PubMed PMC

4. Willms E, Johansson HJ, Méger I, et al. Cells release subpopulations of exosomes with distinct molecular and biological properties. Sci
Rep. 2016;6:22519. DOI PubMed PMC

5. Lotvall J, Hill AF, Hochberg F, et al. Minimal experimental requirements for definition of extracellular vesicles and their functions: a
position statement from the International Society for Extracellular Vesicles. J Extracell Vesicles. 2014;3:26913. DOI PubMed PMC

6. Théry C, Witwer KW, Aikawa E, et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a position
statement of the International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J Extracell Vesicles.
2018;7:1535750. DOI PubMed PMC

7. Welsh JA, Goberdhan DCI, O’Driscoll L, et al; MISEV Consortium. Minimal information for studies of extracellular vesicles
(MISEV2023): from basic to advanced approaches. J Extracell Vesicles. 2024;13:¢12404. DOI PubMed PMC

8. Nieuwland R, Siljander PR, Falcon-Pérez JM, Witwer KW. Reproducibility of extracellular vesicle research. Eur J Cell Biol.
2022;101:151226. DOI PubMed

9. Van Deun J, Mestdagh P, Agostinis P, et al; EV-TRACK Consortium. EV-TRACK: transparent reporting and centralizing knowledge
in extracellular vesicle research. Nat Methods. 2017;14:228-32. DOI PubMed

10.  Schageman J, Zeringer E, Li M, et al. The complete exosome workflow solution: from isolation to characterization of RNA cargo.
Biomed Res Int. 2013;2013:253957. DOI PubMed PMC

11.  Bustin SA, Benes V, Garson JA, et al. The MIQE guidelines: minimum information for publication of quantitative real-time PCR
experiments. Clin Chem. 2009;55:611-22. DOI PubMed

12.  Bustin SA, Ruijter JM, van den Hoff MJB, et al. MIQE 2.0: revision of the minimum information for publication of quantitative real-
time PCR experiments guidelines. Clin Chem. 2025;Epub ahead of print. DOI PubMed

13.  Hildebrandt A, Kirchner B, Nolte-’t Hoen ENM, Pfaffl MW. miREV: an online database and tool to uncover potential reference RNAs
and biomarkers in small-RNA sequencing data sets from extracellular vesicles enriched samples. J Mol Biol. 2021;433:167070. DOI
PubMed

14.  Pinheiro C, Guilbert N, Lippens L, et al. Identification and validation of extracellular vesicle reference genes for the normalization of
RT-qPCR data. J Extracell Vesicles. 2024;13:¢12421. DOI PubMed PMC

15.  Geeurickx E, Tulkens J, Dhondt B, et al. The generation and use of recombinant extracellular vesicles as biological reference material.
Nat Commun. 2019;10:3288. DOI PubMed PMC

16. Everaert C, Helsmoortel H, Decock A, et al. Performance assessment of total RNA sequencing of human biofluids and extracellular
vesicles. Sci Rep. 2019;9:17574. DOI PubMed PMC

17.  Kubista M, Andrade JM, Bengtsson M, et al. The real-time polymerase chain reaction. Mol Aspects Med. 2006;27:95-125. DOI
PubMed

18. Hill AF, Pegtel DM, Lambertz U, et al. ISEV position paper: extracellular vesicle RNA analysis and bioinformatics. J Extracell
Vesicles. 2013;2:22859. DOI PubMed PMC

19.  Witwer KW, Buzas EI, Bemis LT, et al. Standardization of sample collection, isolation and analysis methods in extracellular vesicle
research. J Extracell Vesicles. 2013;2:20360. DOI PubMed PMC

20. Bustin SA. MIQE 2.0 and the urgent need to rethink qPCR standards. Int J Mol Sci. 2025;26:4975. DOI PubMed PMC

21.  Saint-pol J. Reproducibility and transparency: why following MISEV guidelines is beneficial for the studies on EVs and brain barriers.

Extracell Vesicles Circ Nucleic Acids. 2025,6:328-35. DOI


https://dx.doi.org/10.3402/jev.v4.27066
http://www.ncbi.nlm.nih.gov/pubmed/25979354
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4433489
https://dx.doi.org/10.1016/j.mam.2024.101269
http://www.ncbi.nlm.nih.gov/pubmed/38552453
https://dx.doi.org/10.3402/jev.v5.32945
http://www.ncbi.nlm.nih.gov/pubmed/27802845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5090131
https://dx.doi.org/10.1038/srep22519
http://www.ncbi.nlm.nih.gov/pubmed/26931825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4773763
https://dx.doi.org/10.3402/jev.v3.26913
http://www.ncbi.nlm.nih.gov/pubmed/25536934
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275645
https://dx.doi.org/10.1080/20013078.2018.1535750
http://www.ncbi.nlm.nih.gov/pubmed/30637094
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6322352
https://dx.doi.org/10.1002/jev2.12404
http://www.ncbi.nlm.nih.gov/pubmed/38326288
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10850029
https://dx.doi.org/10.1016/j.ejcb.2022.151226
http://www.ncbi.nlm.nih.gov/pubmed/35460959
https://dx.doi.org/10.1038/nmeth.4185
http://www.ncbi.nlm.nih.gov/pubmed/28245209
https://dx.doi.org/10.1155/2013/253957
http://www.ncbi.nlm.nih.gov/pubmed/24205503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800616
https://dx.doi.org/10.1373/clinchem.2008.112797
http://www.ncbi.nlm.nih.gov/pubmed/19246619
https://dx.doi.org/10.1093/clinchem/hvaf043
http://www.ncbi.nlm.nih.gov/pubmed/40272429
https://dx.doi.org/10.1016/j.jmb.2021.167070
http://www.ncbi.nlm.nih.gov/pubmed/34052284
https://dx.doi.org/10.1002/jev2.12421
http://www.ncbi.nlm.nih.gov/pubmed/38545822
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10974686
https://dx.doi.org/10.1038/s41467-019-11182-0
http://www.ncbi.nlm.nih.gov/pubmed/31337761
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6650486
https://dx.doi.org/10.1038/s41598-019-53892-x
http://www.ncbi.nlm.nih.gov/pubmed/31772251
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6879519
https://dx.doi.org/10.1016/j.mam.2005.12.007
http://www.ncbi.nlm.nih.gov/pubmed/16460794
https://dx.doi.org/10.3402/jev.v2i0.22859
http://www.ncbi.nlm.nih.gov/pubmed/24376909
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3873759
https://dx.doi.org/10.3402/jev.v2i0.20360
http://www.ncbi.nlm.nih.gov/pubmed/24009894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3760646
https://dx.doi.org/10.3390/ijms26114975
http://www.ncbi.nlm.nih.gov/pubmed/40507789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12154065
https://dx.doi.org/10.20517/evcna.2024.63

Page 676 Pfaffl et al. Extracell Vesicles Circ Nucleic Acids. 2025;6:669-76 | https://dx.doi.org/10.20517/evcna.2025.68

22.  Huggett JF, Foy CA, Benes V, et al. The digital MIQE guidelines: minimum information for publication of quantitative digital PCR
experiments. Clin Chem. 2013;59:892-902. DOI PubMed

23.  Huggett JF; dMIQE Group. The digital MIQE guidelines update: minimum information for publication of quantitative digital PCR
experiments for 2020. Clin Chem. 2020;66:1012-29. DOI PubMed

24. Bustin SA, Wittwer CT. Fragile methods, fractured trust: rethinking scientific responsibility. Methods. 2025;242:54-61. DOI PubMed


https://dx.doi.org/10.1016/j.ymeth.2025.07.003
http://www.ncbi.nlm.nih.gov/pubmed/40633818
https://dx.doi.org/10.1373/clinchem.2013.206375
http://www.ncbi.nlm.nih.gov/pubmed/23570709
https://dx.doi.org/10.1093/clinchem/hvaa125
http://www.ncbi.nlm.nih.gov/pubmed/32746458

