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Metagenòmica Clínica per al diagnòstic
de malalties infeccioses

“Omics” Era: Genomics
• Microbiome analyses

• Environmental / animal / clinical metagenomics
• Pathogen discovery

• Public health disease surveillance (outbreak 
investigation)

• Massively multiplex testing applications (detection 
of adventitious agents in food/water; blood 
screening)

• Clinical infectious disease diagnosis by 
metagenomic next-generation sequencing (mNGS)
• metagenomic sequencing, unbiased sequencing, 
agnostic sequencing, non-targeted sequencing, 
shotgun sequencing

2002

2019
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• Metagenomics is sequencing all DNA and RNA in a sample
• Don’t need to know what to look for
• Any virus, bacteria, fungi, parasite in one shot
• Can detect unusual, unexpected, divergent pathogens
• mNGS is increasingly being used in virology laboratories for difficult to 

diagnose cases

Clinical metagenomic sequencing (mNGS)
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• Meningitis / Encephalitis: 40-60% unknown cause
• Pneumonia: 15 – 25% unknown cause
• Fever / Sepsis ~20% unknown cause
• Failure to obtain a timely diagnosis leads to delayed / inappropriate 

therapy, increased mortality, and excess healthcare costs
• Current main clinical application of mNGS is meningitis / encephalitis, 

but considered useful in a growing number of other clinical syndromes 
(pneumonia, sepsis, etc.)

Clinical metagenomic sequencing (mNGS)
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Diagnostic approach 

HSV-1, 2; VZV; ENV, HHV-6…

(IS): CMV, ADV, EBV, JCV, 

Flu, Mumps/Measles

mNGSSyndromic panelsSingle target

Gastro panel

Respiratory panel

Parvo/Rubella/Paraecho

All pathogens

25+ targets, Sufficient specimen? One sample for all

F. Xavier López-Labrador – XXXI Jornades SCMIMC, Montbrió del Camp 15/7/2022

Astrovirus Encephalitis revealed by mNGS
HAstV-VA1 now a recognized cause of encephalitis in immunocompromised

Brown, CID 2015 Naccache, CID 2015

“Encephalitic” Astrovirus Clade in Humans
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Neuroleptospirosis revealed by mNGS

• 14 y.o. Male, SCID
• Fever, headache
• 3 hospitalizations in 4 months
• Progressed to hydrocephalus, 

status epilepticus
• 44 days in ICU
• Brain biospsy, induced coma
• >100 tests (inconclusive)
• mNGS in CSF:
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• Workshop on viral metagenomics 
• 2018: Leiden, NL
• 2019: Valencia, ES
• 2020: cancelled due to  COVID pandemic
• 2021: cancelled due to  COVID pandemic
• 2022: Antalya, Turkey

• Recommendation paper Part I on wet lab procedures: 
López-Labrador et al. J Clin Virol 2021

• Recommendation paper Part II on dry lab procedures: 
de Vries et al. J Clin Virol 2021

• Benchmark of metagenomic pipelines for viral pathogen detection: 
de Vries et al. J Clin Virol 2021

ENNGS from 2018 to date
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Facility / floor plan: requirements for diagnostics

López-Labrador et al. J Clin Virol 2021
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Sequencing platform: which one?

PacBio SequelII
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Assay design and development

http://www.nature.com/scitable/topicpage/toll-like-receptors-sensors-that-detect-infection-14396559

DNAseq improves detection of DNA viruses
(and bacteria / fungus / parasite) 

Validate enrichment
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Assay design and development

Reagents contain multitudes of (bacterial) contaminants
Normalize to eliminate background: 
( Ratio of Patient / NTC )

Low / no reads in spiked-in controls = 
Low reads (< 5M)
Inadequate DNA data / high background
Inadequate RNA data / degradation?
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Validation and accreditation

Validation for each sample type: volume, extraction, 
library prep.

Sequencing:  precision, sensitivity, specificity, LOD 

Viral Metagenomics NGS EQA (Q4 - Pilot Study)

Metagenomic Control Material (bacteria)

F. Xavier López-Labrador – XXXI Jornades SCMIMC, Montbrió del Camp 15/7/2022



8

Validation: sensitivity, cutoff, threshold, contamination 

Miller et al. Genome Research, 2019, 29(5):831-84.

(~ Real-time PCR)

(100-fold < Real-time PCR)
(~ 16S pan-bacterial PCR)

de Vries et al. J Clin Virol 2021
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IT equipment, software, data security and storage

HK2LLDSXX_7074_09-002_001_UDI-23_L004_R1. fastq

FAK96194_5138107d5a8425587f0828dd31f396e3ebd774c4_1.fast5 
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Patient data 
Protection !

Version control (pipeline & database)
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• 13 clinical metagenomic datasets, well-characterized samples by PCR 

• Patients with encephalitis or respiratory complaints
• CSF (n=4)
• Brain biopsies (n=3)
• Nasopharyngeal swabs (n=3)
• Nasal washings (n=1)
• Bronchoalveolar lavage (n=1)
• Plasma (n=1)

Benchmarking: datasets
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Semi-quanitative results, sensitivity 

0,1

0,01
de Vries et al. J Clin Virol 2021
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PCR+ PCR -

mNGS + TP FP PPV

mNGS - FN TN? NPV

Sensitivity Specificity

Overall score (sensitivity/PPV)

de Vries et al. J Clin Virol 2021
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Result review and reporting

The result of mNGS should be reported to the clinician in 
a compact format and facilitate decision making 

The reports should be comprehensible, but yet easy to 
read and contain only clinically relevant or potentially 
relevant information. 
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User-friendly output formats
metaMix hosted by Bluebee
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Conclusions
• For some clinical syndromes, such as encephalitis, there is a need to extend the 

diagnostic portfolio with mNGS. 

• For many others, cost and turn-around-time constraints preclude mNGS of completely 
replacing conventional diagnostic testing in the near future. 

• Technical, procedural and financial parameters will develop rapidly: future developments 
will support the progressive and broad introduction of clinical metagenomic sequencing. 

• Bioinformatic software tools and platforms will develop very fast, which will support the 
progressive and broad introduction of metagenomic sequencing into Clinical Microbiology 
and Public Health laboratories

• ESCV recommendations are intended to guide laboratories on the implementation of 
mNGS and bioinformatics diagnostic workflows. 

• Future: Real-time sequencing and simultaneous transcriptome analysis in development
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Vaccine Research Area, FISABIO-Public Health
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