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Introduction viral metagenomic sequencing (mNGS) /

* Viral mNGS is increasingly being used in virology laboratories for difficult to
diagnose cases

* The current main clinical application is encephalitis of unknown cause, but
considered useful in a growing number of other clinical syndromes

 The performance of mNGS is largely dependent on accurate bioinformatic
analysis, on both classification algorithms and databases
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Challenges bioinformatic analysis in the diagnostic Ia

A wide range of metagenomic pipelines and taxonomic classifiers have been

developed but commonly for the purpose of biodiversity/microbiome
studies

* Potential false-negative and false-positive bioinformatic classification results
can have significant consequences for patient care

* Most reports on bioinformatic tools for metagenomic analysis for virus
diagnostics typically describe algorithms and validations of single in-house
pipelines developed by the authors themselves
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To conduct a benchmark of bioinformatic pipelines using viral metagenomic
datasets derived from clinical samples, in order to assist laboratories with
selection and optimization of tools to be implemented for clinical use

ESCV NETWORK ON NEXT-GENERATION SEQUENCING




ESCV Network on NGS (ENNGS) ¢

\

Established in 2018 under the auspices of the European
Society for Clinical Virology

Participants from >15 countries: UK, IR, GE, NO, SW, Fl, DK,
AU, FR, ES, IT, IS, GR, CZ, TU, BE, NL

Evropean Society for Clinical Virology

AIMS

* to bring together professionals involved in viral diagnostics
using NGS

» develop, improve and standardize viral NGS diagnostics

» sharing data, experiences, methodologies; METASHARE
platform veb.lumc.nl/CliniMG/metashare.cgi
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Methods: datasets /

13 clinical metagenomic datasets (FASTQ) from samples well-characterized by
PCR from 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)
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Methods: sequencing /

Site 1: mRNA seq, lllumina’s TruSeq Stranded mRNA LT prep kit, NextSeq500
Site 2: RNA/DNA seq, NEBNext Ultra Directional RNA prep kit with in-house
adaptations, NextSeq500/NovaSeq6000

» Datasets were analysed in a blinded fashion by participants

e Qualitative and quantitative performance, PCR as gold standard

* Parameters: virus pathogen detection, taxonomic classification level, target
read count, horizontal genome coverage, computational time, user-
friendliness and output formats
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Bioinformatic workflows; 13 pipelines
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Short summary of overall pipeline characteristics /

Nine pipelines were implemented in patient care, 3 of them accredited: MetaMIC,
metaMix, VirMEt
Majority developed or adapted the pipeline at a local site
Four pipelines are commercially available and web-based:

* DNASTAR

* GenomeDetective

* One Codex

* Taxonomer
Publicly available: Centrifuge, DAMIAN
(Adapted versions of) databases NCBI’s Genbank nt and RefSeq were most commonly used
De novo assembly was part of 6 out of 13 pipelines
Classification was based on nt similarity (8/13), AA similarity (2/13) or a combination of
both (3/13)
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Qualitative results, overall sensitivity 80-100%
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Semi-quanitative results, sensitivity
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Either not tested for by RT-PCR or RT-PCR negative, were reported by 11 out of 13 pipelines, and in
one or more samples

Reported by multiple pipelines and absent in the negative run control (not available for the
participants):

Not tested for by RT-PCR

* human retrovirus RD114* (2-2102 reads, up to 28% genome coverage)

» feline leukemia virus* (2-1406 reads)

* torque-teno virus (TTV)* (18-66 reads, up to 7% genome coverage)

* polyomaviruses* (5-41 reads, up to 37% genome coverage)

* bovine viral diarrhea virus (BVDV) (6-220 reads, likely FBS contaminants)
» dengue virus (18-370 reads)

* Given their association with the host (integrated or commensal) likely true positive findings

-
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Positive predictive value /

When considering viral mNGS hits with negative RT-PCR results:

CoV-NL63 (1 read), PIV-4 (2-6 reads), HRV-C (2-4 reads), CoV-OC43 (5 reads), INF-B (2
reads)

> PPV 71-100%

No distinction could be made between assignments of sequences genuinely present e.g.
by index hopping (which was suspected given the low number of reads), false negative
by PCR due to primers/probes mismatches, and false positive assignments
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* Parameters used for defining a positive result: read counts, horizontal
genome coverage (some of the participants), post-probability scores (1/13),
ROC curve (1/13)

e BLAST analysis of matching sequences was commonly used to exclude
misassignments/ to confirm true positive hits

e Confirmatory PCR (outside this benchmarking) before reporting, one
participant indicated that this was not needed based on their validation
studies
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User-friendly output formats
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RNA-Seq Encephalitis Diagnostics
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*  First large-scale international benchmarking study using datasets from clinical samples and
pipelines currently applied in a large series of clinical viral diagnostic laboratories

* All of the participants used different classification tools, though no selection of laboratories
using different tools was made in advance

e Overall high sensitivity for detecting viral pathogens with relatively high viral loads (Cg-values
<28)

* Lower abundant pathogens and mixed infections were only detected by 3/13 the pipelines

e Overall sensitivity 80-100%, PPV 71-100%

* No clear differences were observed in terms of performance based on nucleotide-based
classification versus amino acid-based classification and de novo assembly-based algorithms
versus read based classification.
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Reported read counts and genome coverage varied between pipelines up to several orders of magnitude
Differences observed in limits of detection for samples with low viral loads

» Differences in reporting of unique versus non-uniquely mapped sequences may be underlying

PPV calculations were hampered by the intrinsic inability to distinguish between sequences actually present in the
dataset that might be undetected by RT-PCR (index hopping, primer mismatches, prep contaminants)

Given the inclusion of commercially available pipelines with fixed databases, it was not feasible to compare the
different tools with one standardised database at the local sites, but the design did allow for comparison of the
complete pipeline in use for clinical diagnostics, from QC to reporting algorithms including posterior probability

scores

No conclusions can be drawn on the limit of detection of the full metagenomic workflows used in each specific
laboratorie since this is dependent on the wet lab procedure, sequencer, and specific cut-of/prob. values
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