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Metagenomics in Public Health and Point-of-Care Diagnostics
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Existing Metagenomic Software - Species-Level Resolution 
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Limitations of Point-of-Care Diagnostics Pipelines
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Limitations of Public Health Surveillance Pipelines
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Mutation-Annotated Tree (MAT)

• Data structure storing evolutionary relationships 
between haplotypes, each branch annotated 
with mutations occurring along it.

• Prebuilt MATs: https://dev.usher.bio

• Viral_usher software for custom MATs: 
https://github.com/AngieHinrichs/viral_usher

Turakhia Y, et al. Ultrafast Sample placement on Existing tRees (UShER) enables real-time phylogenetics for the SARS-CoV-2 pandemic. Nat Genet. 2021:809-816
https://github.com/AngieHinrichs/viral_usher

https://dev.usher.bio/
https://github.com/AngieHinrichs/viral_usher
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metaWEPP Overview
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metaWEPP Overview
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metaWEPP Overview
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metaWEPP Dashboard

Phylogenetic View of Detected Haplotypes Read-level Analysis 

https://github.com/pratikkatte/WEPP-Dashboard
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WEPP Algorithm
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metaWEPP Results

Ø Simulated Metagenomic Datasets

Ø Targeted Sequencing of Clinical Samples

o Multi-Pathogen

o Single-Pathogen, Multi-Variant

Ø Untargeted Sequencing of Wastewater Samples

o Multi-Pathogen
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Detecting Haplotypes from Simulated Data

• Simulated 24 samples, similar in complexity as 
low-complexity CAMI dataset

• Weighted haplotype branch distance (Sensitivity)
Mean Value - 0

• Weighted peak branch distance (Precision)
Mean value - 0.059

Sensitivity Proxy
(Lower is better)

Precision Proxy
(Lower is better)

High Sensitivity, High Precision
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Detecting Haplotypes from Simulated Data

• De novo assemblers, SAVAGE and metaSPAdes, 
produced fragmented assemblies and missed 
several haplotypes

• Low-diversity variants collapse into single variant

Fragmented
Contigs

Low Haplotype
Coverage

Sequencing Reads True Haplotypes

Reconstructed Contigs
Mutations

Baaijens JA, Aabidine AZE, Rivals E, et al. De novo assembly of viral quasispecies using overlap graphs. Genome Res. 2017
Nurk S, Meleshko D, Korobeynikov A, et al. metaSPAdes: a new versatile metagenomic assembler. Genome Res. 2017
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Detecting Clinical Co-Infections with Multiple Pathogens
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Li et al. “Characteristics of SARS-CoV-2 variants and potential co-infected pathogens in hospitalized patients based on metagenomic next-generation sequencing”, Scientific Reports, 2025

May guide targeted treatments

Haplotypes

metaWEPP

Detected 
Haplotypes

SARS CoV-2 
MAT

HMPV MAT

EG.5.1.1

Lineages

A2b2
Novel Haplotype



21

metaWEPP Results

Ø Simulated Metagenomic Datasets

Ø Targeted Sequencing of Clinical Samples

o Multi-Pathogen

o Single-Pathogen, Multi-Variant

Ø Untargeted Sequencing of Wastewater Samples

o Multi-Pathogen



22

Detecting Clinical Co-Infections with Multiple Variants of SARS-CoV-2
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Wertheim et al. “Detection of SARS-CoV-2 intra-host recombination during superinfection with Alpha and Epsilon variants in New York City”, Nature Communications, 2022
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Detecting Haplotype Clusters Across Pathogens from Wastewater Samples

Wastewater

ToBRFV

SARS-CoV-2

Sequencing
Pathogen 

Classification

Pathogen 
Species

SARS-CoV-2

Tomato brown 
rugose fruit virus

Prior Work
Sequencing 

Reads 

Tracks fine-grained 
transmission dynamics 

Rothman et al. “RNA Viromics of Southern California Wastewater and Detection of SARS-CoV-2 Single-Nucleotide Variants”, Applied and Environmental Microbiology 2021
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metaWEPP Summary
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Contributions:

1. Near-haplotype resolution
i. Detects haplotype clusters 
in environmental surveillance

ii. Detects co-infecting variants
in clinical samples 

2. Novel variant detection

3. Dashboard’s phylogenetic
and read-level analysis 

Pathogen-1 Pathogen-2

True Haplotypes

Dashboard - Phylogenetic View And Read-Level Analysis

https://turakhia.ucsd.edu/metaWEPP
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