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Introduction

• COFRAC is the French committee responsible for translating
recommendations of quality norms into practice and responsible of French
lab accreditation.

• In France, accreditation is mandatory for all medical tests according to
standard 15189 (17025 for hygiene).

• However, for innovative analyzes, a 3-year period has been granted for
compliance after the start of the activity.

• In this context, a guide for accreditation of NGS analyzes has been
produced by experts from oncology, onco-hematology, genetics and
microbiology.



Accreditation in Mondor

• Undiagnosed infectious diseases by Shotgun Metagenomic (15189) 

• Microbial genomic for Hygiene (17025)

Clinicians

Infectious disease 
syndrome

NGS platform

Prescription

Extraction and pre-PCR lib Post-PCR lib Sequencing Analysis



ReportSequencingLib prepExtraction

Lab organizations

Sample Analysis
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(Invented or 

developed from 
publication) 

Type 3 and 4
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Type 7
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Internal but not in the laboratory
Or External

Not perform by the laboratoryPerform by the laboratory



Analysis Specifications for Lab type 1/2

• List of necessary documents (specific to informatic for medical use of NGS)

– Description of the informatic organization

– Bioinformatic Pipeline qualification procedure

– Method validation file (specific for bioinformatic)



Mondor Informatic organization
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Manual

- Data must be secured
- Data must be stored
- People must be trained and accredited



Pipeline life cycle

Pipeline development
(Publications, 

communications…)

Specifications

X = 1

Version X of the pipeline 

Validation Method File 
(X=1)

or
Requalification (X>1)

Production qualification

Old version Storage (if X>1)
Production

Pipeline supervision
Report of bugs 

New version 
development, 

Improvement tracking,
X=X+1
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« Research » 
environment

« development » 
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15189

« production » 
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Validation method files

Sub-process 1 : Extraction QiaSymphony (Qiagen) (CE IVD)

➢ Cellular samples
➢ Acellular samples

Sub-process 2 : Library and sequencing NextSeq500 (Illumina)

➢ DNA Library 
➢ RNA Library

Sub-process 3 : Bioinformatic analysis

➢ MetaMIC Software (internal invention, patented: 
IDDN.FR.0001.160012.000.S.C.2018.000.31230)

Sub-process 4 
(1+2+3): 

Whole process

Inserm Transfert 
Patent



VMF Recommendations

Fidelity assay: Repeatability and reproducibility

Trueness: Sen, Spe, NPV, PPV

Uncertainty: (based on trueness and fidelity)

Comparison with other method

Level of measurements and scaling

Interferences

Contamination, Robustness, stability : NA

Positivity cut off for interpretation

From GTA04 COFRAC



Data preparation

• Aims
– Produce data with characteristics similar to experimental ones

– Set of data which simulates various experimental conditions

– Set of data which match conditions for evaluation

• Specifications of data
– Synthetic -> Guarantee of known results

– Mixing of different genomes (reference to choose among virus, bacteria fungi) including 
human genome

– DNA/RNA

– Mutations (Sequencing errors, mutations of the micro-organisms)

– Fragmentation

– Sequence length

– Quality of sequencing

– Different dilutions

– Control of random

=> Software dedicated to this task: RandomRead



Data preparation

Choice of 
references

“Microbes”
27 individual 

annotated genome  
of pathogens 
(virus, fungi, 

bacteria) 

1 IQC (8 bacteria, 2 
fungi, 4 viruses)

“Diluent”
Human genome 

and transcriptome

Fragmentation

Based on experimental 
conditions for lib prep 

DNA/RNA

TapeStation profiles

Sequence selection

Length (based on 
chemistry)

Error rate (based on 
chemistry and error 

rate of organism)

Random quality score 
(fixed Q30 based)

Number of sequence  
and dilution  

(experimentally based)=> Random gaussian 
fragmentation

Files

Hundreds of 
annotated fastq

files



MetaMIC performances

• Fidelity assay: Repeatability and reproducibility

– No difference between the both (no “operator”, no lot…) -> Only one test is possible

– Objective -> coefficient of variation must be 0 whatever pathogen consider -> Stability of 
the software is required

– Subset of pathogens and dilution is enough (no interest to test a broad spectrum)

• Contamination, Robustness, stability
– Not assessed for Softwares



MetaMIC performances

• Sen, Spe, TP, TN, FP, FN, NPV, PPV
– TP: Microorganism correctly annotated

– TN: Human correctly annotated

– FP: Human annotated as microorganism

– FN: Microorganism annotated as human

Loss of sensitivity due to 
shared sequences between 
human and fungi



Analysis comparison

• Pertinence of the method ?

– All comparison with MetaMIC were always significantly in favour of MetaMIC

– Are we the best or is there any bias ?

– Data set test were produced following an “experimental protocol” and the 
software was designed to fit with these parameters

=> Analysis is biased by the experimental protocol

– The conclusion of comparison study will be (I hope): your analysis method is 
the best for your experimental method… Which is a limited, but interesting, 
result from the quality point of view. 



Positivity cut off, LoD

Question: Probability to interpret a positive sample -> positive?

Variable : dilution factor microorganism/human, percentage of informative 
sequence in your system (#sensitivity of the system)



Positivity cut off, LoD
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Positivity cut off, LoD
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Positivity cut off, LoD
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Positivity cut off, LoD
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Real life experience range of 
positivity with fungal infections



Conclusion I

Some important Informatic/bioinformatic NGS specific points must be 
controlled to reach accreditation:

• Define your organization: what is performed by your laboratory ?

• Define the way of your data: are you sure all in under control ? Access must be 
secure and open only to people which have the knowledge and are 
accredited.

• Define the life cycle of your Software: How you can secure your update ?



Conclusion II

Validation method must be done specifically for your software:

• To evaluate the stability of your results (reproducibility)

• To evaluate the sensitivity/specificity…

• To evaluate the better experimental condition to maximize the probability to
correctly interpret your results.

• The quality of the test data set is critical

Validation method of your software must be completed with a real-life
experience (another validation method file) to confirm the results

Finally, 15189 is not so easy to reach but analysis evaluation give us many
information to better understand how to improve and understand the
mechanism of calculation of the results with very limited experimental test.
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