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Wastewater tracking of pathogen dynamics
Provides more accurate estimates of population infection rates than 

clinical testing alone due to inherent limitations in testing resources 
and/or uptake ,especially in underserved communities



Automated wastewater viral concentration and extraction

A day in the life of a sewage sample
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Normalization : PMMoV (fecal indicator)
Recovery: SARS-CoV-2 spike-ins from BSL-3 lab

dx.doi.org/10.17504/protocols.io.bshvnb66

https://dx.doi.org/10.17504/protocols.io.bshvnb66


Self-administered test via vending machines

Early detection of 85% of cases on campus

Karthikeyan et al.,https://doi.org/10.1128/mSystems.00793-21

Pilot stage: All on-campus residents 
mandated to test weeklyUCSD Campus Testing stats



Josh Levy/Kristian Andersen, Scripps Research
Karthikeyan, Levy et al, 2022, Nature

Resolving multiple 
strains in wastewater

Freyja: tool to estimate relative abundance 
of SARS-CoV-2 lineages from sequencing of 
mixed-lineage samples 

• SNV frequency estimation 
• Depth-weighted de-mixing
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A: matrix containing the barcodes
b: frequency of mutations in sample
x: abundances of each lineage
d: sequencing depth at each position 



Wastewater 
samples show 
earlier appearance 
of VOCs

Data from 31,149 nasal swab 
sequences from SD county 
and 1200 wastewater 
sequences

Timeline and epidemiological curves for VOC detection in county samples

Karthikeyan et al. 2022 Nature



Future directions/potential

• Expand monitoring (currently SARS-CoV-2 and HepA, have done mpox 
in past, dozens of other pathogens possible)

• Metagenomics and metatranscriptomics: allows total DNA or RNA 
characterization from wastewater, pathogen ID still challenging but 
can predict infection status from total community (collaboration with 
Charles Chiu, UCSF)

• Long read sequencing dramatically improves specificity at expense of 
sensitivity

• Target capture panels (Twist, Illumina etc.) show substantial potential 
as input to metagenomics/amplicon sequencing genomics methods 
for enrichment, still need qPCR or ddPCR to quantify
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