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Metagenomics wet lab processing and data analysis
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Challenges in metagenomic result interpretation
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The validation bottleneck

The challenge is no longer only whether we can sequence the pathogen, but whether we can
validate the evidence to report it confidently.

Criteria are not universal Other laboratories may use different read abundance, genome coverage, or read counts.

Sample type changes the High-biomass samples behave differently from low-biomass samples.
baseline

Clinical question changes A species-level call may be enough for one question but insufficient for another.
the evidence needed

We need a new approach to solve the problem of imposing

heuristic thresholds.
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CAP: study overview

Community-acquired pneumonia metagenomics

Host depletion

37 patients 60 total 46 swabs |
9 controls 12 sputum befo.re sequencing
2 pleural fluid Saponin basedand

Participants Samples collected

Aim:
Evaluate whether non-invasive and more accessible
respiratory samples can support CAP pathogen
detection.

Invasive sample collection (BAL and ETA) versus non-
invasive alternatives (swab and sputum)
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CAP result 1: sample type matters

® Swabs often contain upper-respiratory
commensals.

patient 27 patient 28 patient 32

Streptococcus gordonii
Streptococcus dentalis
Rothia dentocariosa

Rothia aeria

Parvimonas micra

Moraxella osloensis
Cutibacterium acnes
Corynebacterium urealyticum
Actinomyces viscosus
Actinomyces massiliensis

Streptococcus thermophilus
Streptococcus pneumoniae
Schaalia odontolytica

Rothia mucilaginosa
Neisseria subflava
Mogibacterium diversum
Haemophilus parainfluenzae
Granulicatella adiacens
Cutibacterium acnes
Actinomyces pacaensis

Slackia exigua

Parvimonas micra
Mycoplasmoides pneumoniae
Malassezia restricta

® Sputum/LRT samples showed a higher relative
abundance of taxa associated with lower
respiratory species.

Limosilactobacillus reuteri
Lactobacillus ultunensis
Cutibacterium acnes
Bifidobacterium dentium
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Top species detected across swab and lower respiratory tract
samples
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CAP result 2: genome-level evidence improves confidence

o : : Interpretation did not rely on taxonomic
abundance alone.

Effective genome coverage: Are reads distributed across the genome?

Dispersed reads: Are reads separated rather than clustered?
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{ Clinical plausibility: Does the organism fit CAP in this patient?
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LRT samples, including sputum, had stronger genome-wide evidence, while swabs
caused missed or low-confidence pathogen calls.

M. pneumoniae read alignment: sputum sample (top)
versus matched swab from the same patient.
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CAUTI: study overview

Catheter-associated urinary tract infection metagenomics

No growth

Pathogen may be missed after
receiving antibiotics

60

Mixed growth

Culture may not resolve
polymicrobial composition

46

Total CAUTI

samples

Urinary catheter

Infection samples

J
\
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Created with BioRender.com
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.|
Culture ambiguity

Metagenomics can add resolution by
detecting the organisms and their AMR
genes

14

Controls

Laboratory turnaround
time and sequencing time
to informative signal

Urine cultured on Oxoid Brilliance UTI Agar plate



CAUTI result 1: same-day CAUTI metagenomics is feasible

Wet-lab
4h

DNA extraction and library prep

organism-level signals detectable

+1 h sequencing
Detection
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Species composition across sequencing timepoints
BRC-IAC-053-URO

Species
Enterovibrio norvegicus
Escherichia coli
Other

. Salmonella sp.
Staphylococcus aureus
Stenotrophomonas geniculata
Stenotrophomonas maltophilia

Stenotrophomonas sp. NY11291
Stenotrophomonas sp. SXG-1

%

s
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Sequencing timepoint

Total
clinically informative signal ) =10h
alignment-supported signal same-day workflow

Mapped reads across sequencing timepoints

BRC-IAC-053-URO

Stenotrophomonas maltophilia ...
Stenotrophomonas geniculata ...

Staphylococcus epidermidis

log10(mapped reads + 1)
3

Staphylococcus aureus

Spe sies

Finegoldia magna
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Anaerococcus vaginalis

Anaerococcus obesiensis

Anaerococcus nagyae
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CAUTI result 2: Metagenomics can add resolution by detecting the organisms

and their AMR genes

In 32 infection samples, metagenomics agreed with culture in 52.2% and added potential pathogens in 37.0%.

Category

Concordant

Discordant

Additional
pathogen detected

Total

TargetAMR

24

17

46

52.2

10.9

37

100

Control

No organism detected
Thomasclavelia ramosa
Sutterella wadsworthensis
Streptococcus dysgalactiae
Stenotrophomonas maltophilia l
Staphylococcus epidermidis .
|nte rpretation Staphylococcus aureus
Serratia marcescens l
Pseudomonas aeruginosa
Proteus mirabilis
At least one shared pathogen, or both Porphyromonas asaccharolytica
. Peptoniphilus harei
negative Parvimonas parva
Oligella urethralis
Lactobacillus johnsonii
Klebsiella quasipneumoniae
Klebsiella pneumoniae
Gardnerella vaginalis
Fastidiosipila sanguinis
mNGS detected plausible pathogens not Escherichia col
Enterococcus faecium
resolved by culture Enterococcus faecalis [ ]
Enterobacter kobei
Corynebacterium hesseae
. A Clostridium perfringens
Infection-sample comparison Gitrobacter koseri 0
Bifidobacterium longum
Bifidobacterium breve
Bacteroides fragilis
Aerococcus urinae
Aerococcus mictus
Actinotignum timonense

Culture positive but mNGS negative, or
completely different organisms

Species

Infection

% Genome coverage
100

60
30
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Metagenomics Alignment Validation Index

MAVI converted a broad, ambiguous candidate list into a more validated community interpretation,
separating necessary taxa, competing taxa and residual calls.

Category

Taxa (MAVI) [Taxon ID]

Necessary

Haemophilus influenzae (>0.99) [727]
Streptococcus mitis (>0.99) [28037]
Streptococcus pseudopneumoniae (>0.99) [257758|
Haemophilus parainfluenzae (0.90) [729]
Streptococcus pneumoniae (0.81) [1313]
Streptococcus sanguinis (0.73) [1305]
Rothia dentocariosa (0.69) [2047]
Streptococcus salivarius (0.67) [1304]
Streptococcus oralis (0.53) [1303]
Granulicatella adiacens (0.32) [46124]
Veillonella parvula (0.15) [29466]

Competing

Neisseria sicca (0.27) [490] — residual community

Residual
necessary

54

Avibacterium paragallinarum (<0.01) [728]
Streptococcus koreensis (<0.01) [2382163]
Streptococcus sp. 11-4097 (<0.01) [2828286]
Streptococcus sp. NPS 308 (<0.01) [1902136]
Streptococcus sp. SN-1 (<0.01) [3074854]
Streptococcus gwangjuensis (<0.01) [1433513]
Aggregatibacter aphrophilus (<0.01) [732]
Streptococcus sp. DTB5 (<0.01) [3038077]
Streptococcus sp. HSISS3 (<0.01) [1316412]
Haemophilus parahaemolyticus (<0.01) [735]
Streptococcus sp. FSL W8-0197 (<0.01) [2975349]

Redundant

None

254 species-level candidates
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Total candidates: 314 | Species candidates: 254 | Validated candidates: 14

MAVI 511 validated taxa




Key takeaways

Sample type matters

TargetAMR

Metagenomics adds resolution

Metagenomics Alighment
Validation Index

It avoids fixed cutoffs

Tests organism-level support under
incomplete recovery.

Builds sample-level validated
community explanations
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