
Raw wastewater contains viruses, microbes and 
chemical substances.
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Ultrafilter membranes are 
washed and reused.

We have trained a team of students to recover 
wastewater viruses by five different concentration 
methods.
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We have trained a team of students to recover 
wastewater viruses by five different concentration 
methods.



Once the viruses in wastewater are concentrated, 
downstream analysis is applied for virus detection.
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5’ 3’Genome coverage >80%

0 29,900 

Two molecular methods are used in our lab to 
detect viruses.

SARS-CoV-2 
genome (RNA)

5’ 3’

0 29,900 
Real-time PCR 
gene detection <1% genome

Genome sequencing 

Level of SARS-CoV-2 in wastewater

% SARS-CoV-2 variants in wastewater

Nucleic acid 
extraction



Different virus concentration methods may have 
various effects on the molecular detection.
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Sewershed
Permit Flow Rate 

(MGD)
Population

City of Tonawanda 2.5-5 14,873

Lackawanna 4.5 17,859

Southtowns 16 94,616

Kenmore Tonawanda 25 70,470

Amherst 48 140,324

Bird Island 180 437,357

Wastewater samples were collected from local 
sewersheds.

*MGD: million gallons per day



Wastewater
3 L

6 local sewersheds
500 mL per location

Pooled

Wastewater samples were pooled, aliquoted, and 
processed with different virus concentration 
methods.

Pepper mild mottle virus (RNA) CrAssphage (DNA) SARS-CoV-2 (RNA)

Bovine 
coronavirus 

(quality control)
Tangential-flow ultrafiltration (UF)

Solids

Polyethylene glycol (PEG) precipitation

Ultracentrifugation (UG)

Electronegative membrane filtration (EMF)



UF: Tangential-flow ultrafiltration
S: Solids
PEG: Polyethylene glycol precipitation
EMF: Electronegative membrane filtration
UG: Ultracentrifugation

Ultrafiltration, membrane filtration, and 
ultracentrifugation had high recoveries of viral 
genes from wastewater.

Pepper mild mottle virus (RNA) CrAssphage (DNA) SARS-CoV-2 (RNA)

UF         PEG        UG         EMF         S       

Do these virus concentration methods work 
equally well for genome sequencing?



Three virus concentration methods were 
selected to compare their performance on 
genome sequencing.

Concentration 
method

Virus selectivity

Tangential-flow 
filtration (UF)

Viruses in the liquid (solids removed 
by 10,000 g centrifugation)

Nonselective

Electronegative 
membrane 
filtration (EMF)

Viruses co-concentrated with other 
microbes

Nonselective

Nanotrap
magnetic beads

Enveloped viruses are likely more 
selective than nonenveloped viruses.

Selective

Joyce Wang
10 mL

Nucleic acid 
extraction

Mix with 
Nanotrap
Microbiome A 
Particles



Electronegative membrane 
filtration (EMF)
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Ultrafiltration (UF)

Nanotrap magnetic beads

2021 2022

Three virus concentration methods were 
selected to compare their performance on 
genome sequencing.



Tangential-flow ultrafiltration (UF) and Nanotrap
yielded higher coverage of SARS-CoV-2 
genome.

EMF                         UF                      Nanotrap
n = 82                      n = 222                   n = 59

UF: Tangential-flow ultrafiltration
EMF: Electronegative membrane filtration
Nanotrap: Nanotrap magnetic beads



The relative abundances of SARS-CoV-2 
variants are comparable between clinical and 
wastewater data.

Clinical data
Erie County 

Wastewater data
Erie County 



Conclusions

• Among the nonselective virus concentration 
methods, tangential-flow ultrafiltration, 
electronegative membrane filtration, and 
ultracentrifugation have high recoveries of viral 
genes from wastewater.

• Tangential-flow ultrafiltration and Nanotrap
magnetic beads recover viral genomes from 
wastewater for reliable performance of SARS-CoV-
2 genome sequencing. 

• Wastewater genome sequencing of SARS-CoV-2 
is an effective approach to track various SARS-
CoV-2 variants circulating in the community, but 
bioinformatic tools and sequencing method need 
to be updated.



Future work

• Develop workflow to monitor other viruses of concern, such as respiratory 
viruses (respiratory syncytial virus, influenza virus) and enteric viruses 
(hepatitis A virus, norovirus).

• Integrate wastewater data with other databases (transportation, 
vaccination rates, social media, community engagement) to develop an 
early warning system for future pandemics.
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