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Why standardization & focus on pre-analytical phase?

Diagnostic testing process (%): Research & development:

FREEDMAN LP et al, PLoS Biol 13(6): (2015) doi.org/10.1371/journal.pbio.1002165
Economist, How science goes wrong (2013) 
BAKER M., Nature (2016) doi.org/10.1038/533452a

Lippi et al., CCLM (2014). doi: 10.1515/cclm-2014-1051
Institute of Medicine (IOM) Report, Sep (2015) https://doi.org/10.17226/21794
Green SF. Clin Biochem, (2013) https://doi.org/10.1016/j.clinbiochem.2013.06.001

mailto:Cornelia.stumptner@medunigraz.at
https://doi.org/10.1371/journal.pbio.1002165
https://www.economist.com/weeklyedition/2013-10-19
https://www.nature.com/articles/533452a
https://doi.org/10.1515/cclm-2014-1051
https://nap.nationalacademies.org/read/21794/chapter/5#112
https://linkinghub.elsevier.com/retrieve/pii/S0009912013002786
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Reducing pre-analytical errors

ISO & CEN „Pre-analytics“ Standards
e.g.

EU IVDR – In-vitro-Diagnostic Regulation

ISO „QM System“ Standards
for certification / accreditation e.g.
• ISO 15189 for diagnostic labs
• ISO 20387 for biobanking
• …

Standards 

pre-analytical parameters required

pre-analytical phase “regulated”

CEN/TS 17626  (2021) – ISO/PWI 18701 (coming)
“human specimens for microbiome DNA”

developed / contributed

Laws, e.g.

EU grant no. 733112 BMBWF grant no. 2023-

0.752.780 (2023-2028) Cornelia Stumptner, Med Uni Graz, BBMRI.at 

Published

CEN/TS 
17626:2021

Under development

ISO/TS 
18701

*Led by K. Zatloukal, C. Stumptner **Led by C. Stumptner
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Content

….

Ch 5. Outside the laboratory

- Donor & sample information
- Collection
- Stabilization/preservation
- Intermediate storage & transport

Ch 6. Inside the laboratory

− Reception in lab
− Processing of samples
− Intermediate storage
− DNA isolation
− DNA quantity/quality assessment
− Storage (sample, DNA)

…
About CEN/TS 17626:
Stumptner et al., 2021, PMID35565946

Requirements & recommendations for the 
pre-examination phase of human specimens, 
e.g. stool, saliva, skin and urogenital specimens,
 intended for microbiome DNA examination(s)

what „shall“ or should be
„performed“ + „documented“

-> „process + (meta)data requirements“

https://pubmed.ncbi.nlm.nih.gov/35565946/
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Pre-analytical phase & variables – plant microbiome field

Major pre-analytical factors that can have a dramatic effect on the analysis result

Analyte

Isolation/ 

prep f analysis

Cornelia Stumptner, Med Uni Graz, MICROBE, BBMRI.at 

Posters
546 (8C)
549 (3A)

The importance of quality-controlled workflows & 
comprehensive metadata – plant microbiome field

DNA extraction protocol 
significantly affected 
bacterial community assessment

The effect of microbiome DNA extraction protocols/kits

Richness alpha diversity index 
showed significant differences 
(P < 0.044) among the different 
DNA extraction methods 
applied to Olive xylem sap (i.e. 
internal fluid in olive tree tissue)

Part of fig. 1 from
Haro et al., 2021 doi.org/10.3389/fpls.2021.640829

11 different DNA extraction protocols/kits

Cornelia Stumptner, Med Uni Graz, MICROBE, BBMRI.at 

https://doi.org/10.3389/fpls.2021.640829
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Effect of sampling time

Parts of Fig. 1 from Boutin, 2025 (doi.org/10.1038/s41598-025-10729-0);  
& Fig. 1+3 from Boutin, 2022 (doi.org/10.1139/cjm-2023-0215)

The importance of quality-controlled workflows & 
comprehensive metadata – plant microbiome field

(D) PCoA 
on leaf 
samples 
from apple 
trees 
(n=292) 
showing 
variation 
through 
time

Effect of site

(PCoA) on apple tree 
flower and leaf samples 
collected in May (45 trees) 
at different sites A,B,C

Leaf microbial community 
composition (A Bacteria); (May) 
same cultivar - different sites A,B,C 

BacteriaTime and site are strong drivers of bacterial community structure 

Site A

Site C

Site B

May

July/Aug

C Stumptner

The effect of plant sample processing

Overlap of 
sequence 
variants (SVs) 
recovered from 
milkweed 
plants at a 
single site, 
when 
subsampling 
microbial 
communities 
using two 
different 
strategies.

Different sample processing strategies yield different microbial 
communities

Bullington/Lekberg/Larkin, 2021 (doi.org/10.1038/s41598-021-83153-9) 

The importance of quality-controlled workflows & 
comprehensive metadata – plant microbiome field

Cornelia Stumptner, Med Uni Graz, MICROBE, BBMRI.at 

https://www.nature.com/articles/s41598-025-10729-0#:~:text=Second%2C%20we%20repeated%20the%20analyses,E;%20Table%201B).
https://doi.org/10.1139/cjm-2023-0215
https://doi.org/10.1038/s41598-021-83153-9
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Pre-analytical effects – multi-centre study (human) 

➢ Same sample types (blood -> serum) 

➢ Collected & processed at different sites

➢ Metabolome analyzed at 1 site

Serum metabolomics RF spectra

Inter-centre variation significantly greater 

than inter-individual variations

V Ghini (2022) DOI 10.1016/j.nbt.2022.01.006 BBMRI-LPC project

Cornelia Stumptner, Med Uni Graz, MICROBE, BBMRI.at 

Pre-

collec-

tion

Environm

/habitat

Collect. Preserv. Storage Recept.Transp Storage Process. NA isol. Storage

External – in the field Lab                            External  Lab(s)  

StorageCollect. NA isol. Storage

…..

Example

Cornelia Stumptner, Med Uni Graz MICROBE, BBMRI.at

Pre-analytical workflow – ideal & reality

Ideal - simplified

Collect. Preserv. Storage Recept.Transp Storage Process. NA isol. StorageStorage

StorageCollect. Recept.Transp Storage Process. NA isol. StorageStoragePreserv.

StorageCollect. Recept.Transp Storage Process. NA isol. StorageStorageShip. Recept. Storage Preserv.

Reality – often more complex

o Analysis 

o Many pre-analytical steps
o In different order
o Several intermediate storage steps (different conditions/durations)   
o Different methods

+ procedures
+ reagents (types, age) 
+ handling

o ..

Workflows need to be

harmonized/standardized,

documented, and 

transparent

http://dx.doi.org/10.1016/j.nbt.2022.01.006
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(Pre-)analytical effects – multi-centre study (soil microbiome) 

➢ Same sample (soil) 

homogenized aliquots shipped to 3 site

➢ Different preservation methods + storage durations

tested at different sites

➢ Analyzed at different sites (same community analysis

method, same primers)

Inter-laboratory variation significantly greater than 

different preservation effects

DSMZ

CABI

AIT

Partner 1

Partner 2

Partner 3

168*

132*

90*

16s rRNA microbiome community analysis

*Number of samples analysed
Cornelia Stumptner, Med Uni Graz, MICROBE, BBMRI.at 

 Rough harmonization might not enough => better shared SOPs

Unpublished data

Partner 2

Partner 3

Arrival + transfer to fridge

Soil 
sample 
„HG“

Arrival + transfer to fridge

Soil 
sample 
„SG“

Not every pre-analytical variable can be controlled ...

... but at least 
“documented”

Recorded temperature
during shipping + fridge storage until processing

Shipping to:  

Unpublished data
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If we want 
 high-quality & FAIR microbiome study data 

we need

high-quality samples and (meta)data

through

 quality-controlled workflows with                                                     
pre-analytical metadata and process requirements

The need for pre-analytical metadata & process requirements

Capture microbiome
as it is in situ

Minimize artifical impact of
pre-analytical process

Avoid or reduce
mistakes, errors

Allow for secondary use/ 
reuse of data + samples

Increase
reproducibilty

Be fit for new
technologies, e.g. AI

E.g.

Thank you to all workshop participants!

Cornelia Stumptner
Medical University of Graz,
Neue Stiftingtalstrasse 2/B/6, 
8010 Graz, AUSTRIA
cornelia.stumptner@medunigraz.at

Image: https://www.gutmicrobiotaforhealth.com/meet-your-microbiome-when-science-comes-to-youtube/rencontrez-votre-microbiome-quand-la-science-debarque-sur-youtube/

MICROBE project Others

Acknowledgements:
Guidance document for 

sample pre-analytics for 

plant microbiome studies
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What to do?

Detailed study design 
-aim
-entire workflow
-(pre-)analytical variables
-standards/guidelines

Risk assessment
likelyhood of impact
+ mitigation

Use validated methods/ 
reagents/kits
(where available)

Test
where effects are unclear
make upfront smaller tests

SOPs
for all workflow steps; 
serve as instructions for
use

Meta(data)
documentation

Education, staff training and 
supervision of junior staff by
seniors

Study 
Design RISK

Assessment

Validated

(Pre-) 
Tests 

(Meta) 
Data 

Edu & 
training

Workflow, 
Standards

Consider the entire
workflow and variables;
Follow standards/ 
guidelines
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