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Nanotrap® Enhancement Reagent 1 Improves Detection of 
Viral RNA from Wastewater Samples

Key Advantages   
> Improve SARS-CoV-2 RNA detection in wastewater by at 

least 1-2 Ct values using Nanotrap® Enhancement Reagent 
1 (SKU# 10111) with Nanotrap® Magnetic Virus Particles 
(SKU# 44202).  

> Automated method compatible with RNA extraction kits 
from multiple vendors outperforms method using 
alternative magnetic virus binding beads.   

Introduction 

According to the Centers for Disease Control and 
Prevention, SARS-CoV-2 can be shed in the feces of 
individuals with asymptomatic or symptomatic infections, 
making SARS-CoV-2 RNA detection in sewage a COVID-19 
indicator that is independent of healthcare-seeking 
behaviors and access to clinical testing. Due to low viral 
concentrations and presence of PCR inhibitors in sewage 
samples, SARS-CoV-2 viral particles must be concentrated 
prior to nucleic acid isolation. Common approaches for 
viral particle concentration include HA filtration, skim milk 
and PEG precipitation methods. These approaches are 
time consuming and cumbersome.1  

Nanotrap® Magnetic Virus particles have already been 
demonstrated to enable sensitive, rapid, and easy-to-use 
automated and manual methods for wastewater SARS-
CoV-2 testing.1-5   

A new reagent from Ceres Nanosciences, Nanotrap® 
Enhancement Reagent 1 (ER1), improves the binding of 
viruses to Nanotrap® Magnetic Virus Particles in 
wastewater samples, thus improving downstream 
detection of viral RNA. This simple and sensitive method is 

compatible with magnetic bead RNA extraction kits from 
MACHERY-NAGEL and ThermoFisher.  

Materials and Methods 

Wastewater Samples 

Wastewater samples were obtained from different 
locations in the United States. The samples were 
processed using the Nanotrap Magnetic Virus Particle 
wastewater workflow to determine the presence of SARS-
CoV-2. Samples with detectable levels of SARS-CoV-2 RNA 
were stored for method comparison experiments. 
Samples with undetectable levels of SARS-CoV-2 RNA (i.e. 
samples with Ct values >38) were pooled and used to make 
contrived samples by spiking in heat-inactivated SARS-
CoV-2 (ATCC Cat# VR-1986HK).  

SARS-CoV-2 Concentration 

Nanotrap Magnetic Virus Particles were used to capture 
and concentrate SARS-CoV-2 from the same wastewater 
samples with and without ER1. For samples processed 
without ER1, each 10 mL wastewater sample was split 
between 24-deep well plates (5 mL divided between two 
wells). 75 µL of Nanotrap Magnetic Virus Particles were 
added directly to the two wastewater sample wells (total 
150 µL / 10 mL wastewater sample). Samples were loaded 
onto a KingFisher™ Apex System for virus capture and 
concentration. No filtration or centrifugation of the 
wastewater samples was required prior to the addition of 
the Nanotrap particles.  

For samples processed with ER1, each 10 mL wastewater 
sample was split between two 24-deep well plate (5 mL 
divided between two wells). 50 µL of ER1 were added 
directly to the two 5 mL wastewater sample wells (total 
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100 µL /  10 mL wastewater sample). 75 µL of Nanotrap® 
particles were added to each wells immediately after the 
ER1 (total 150 µL / 10 mL wastewater sample). Samples 
were loaded onto a KingFisher Apex system for virus 
capture and concentration. No filtration or centrifugation 
of the wastewater samples was required prior to the 
addition of the Nanotrap particles. 

Invitrogen™ Dynabeads™ Intact Virus Enrichment Beads 
were used in a virus capture method comparison 
(ThermoFisher Cat# 10701D). 10 mL wastewater sample 
was added to 24-deep well plates (5 mL divided between 
two wells). 100 µL of Dynabeads Beads were added 
directly to Plate 1  wastewater sample wells (total 100 µL 
/ 10 mL wastewater sample). Samples were loaded onto a 
KingFisher Apex System for virus capture and 
concentration. All steps were followed as indicated on the  
the product instructions.6      

RNA Extraction  

After virus concentration, RNA extraction was performed 
using either the NucleoMag DNA/RNA Water Kit for water 
and air samples (MACHERY-NAGEL Cat# 744220.1) or the 
MagMax™ Microbiome Ultra Kit (ThermoFisher Cat# 
A42354). Samples were processed on the KingFisher Apex 
system following each extraction kit manufacturer’s 
protocol. 

Real Time RT-PCR Analysis 

SARS-CoV-2 detection of extracted viral RNA was 
completed using Promega N1 RT-PCR assay probes or the 
IDT N1 RT-PCR assay probes. The kit reagents and RT-PCR 
controls were prepared according to the manufacturer’s 
instructions. For each reaction, 15 µL of the prepared 
reaction mix was added to an optical 96-well reaction plate 
and mixed with 5 µL of RNA template. The plate was sealed 
with an optical adhesive film, loaded into a BIO-RAD 
CFX™96, and run using the amplification settings specified 
by the manufacturer. 

Results 

Extraction Kit Compatibility and Method 
Comparison 

The protocol using Nanotrap Magnetic Virus Particles and 
Nanotrap ER1 was verified with magnetic bead-based 
extraction kits from MACHERY-NAGEL and ThermoFisher 
using contrived samples. With both extraction kits, using 
ER1 with Nanotrap Magnetic Virus Particles improved the 
Ct values by at least 1-2 Cts [Figure 1 and Figure 2].  

 
Figure 1. Using Nanotrap Enhancement Reagent 1 with Nanotrap 
Particles improves detection of SARS-CoV-2 in contrived wastewater 
samples when used with the NucleoMag DNA/RNA Water Kit. A 
KingFisher Apex System was used for virus capture and concentration, 
as well as for RNA extraction. Viral RNA was detected with the Promega 
N1 primer. 
 

 

 
Figure 2. Using Nanotrap Enhancement Reagent 1 with Nanotrap 
Particles improves detection of SARS-CoV-2 in contrived 
wastewater samples when used with the MagMax Microbiome 
Ultra Kit. A KingFisher Apex System was used for virus capture and 
concentration, as well as for RNA extraction. Viral RNA was detected 
with the Promega N1 primer. 
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Next the performance of the Nanotrap particle protocol 
with the NucleoMag DNA/RNA Water Kit or the MagMax 
Microbiome Ultra Kit was compared to a protocol utilizing 
Dynabeads Intact Virus Enrichment Beads and the 
MagMax Microbiome Ultra Kit. This comparison was 
completed using negative wastewater samples spiked with 
SARS-CoV-2 at 100 viral copies/mL and 5000 viral 
copies/mL. These results demonstrate that the Nanotrap 
particle and enhancement reagent method enables 
excellent detection of SARS-CoV-2 with both RNA 
extraction kits [Figure 3]. 

Detection of SARS-CoV-2 and PMMoV in Real 
Wastewater Samples 

Nanotrap Magnetic Virus Particles and ER1 were used with 
the NucleoMag DNA/RNA Water Kit to detect SARS-CoV-2 
in positive wastewater samples sourced from three 
different locations in the United States. Using ER1 
improved the detection of SARS-CoV-2 and PMMoV by at 
least 2 Ct values for all three samples [Figure 4 and Figure 
5].  

 

 

 

 

Conclusions 

Nanotrap Enhancement Reagent 1 improves detection of 
SARS-CoV-2 and PMMoV RNA from 10 mL wastewater by 
at least 1-2 Ct values when used with Nanotrap Magnetic 
Virus Particles. When used with RNA extraction kits from 
MACHERY-NAGEL or ThermoFisher, the Nanotrap Particle 
and Enhancement Reagent 1 protocol outperforms an 
alternative magnetic bead protocol using Dynabead Bead 
and ThermoFisher RNA Extraction Kit method.  

  

 
Figure 5. Using Nanotrap Enhancement Reagent 1 with Nanotrap 
Particles improves detection of PMMoV in raw wastewater samples 
when used with the NucleoMag DNA/RNA Water Kit. A KingFisher 
Apex System was used for virus capture and concentration, as well as 
for RNA extraction. Viral RNA was detected with the Promega N1 
primer. 
 

 
Figure 4. Using Nanotrap Enhancement Reagent 1 with Nanotrap 
Particles improves detection of SARS-CoV-2 in raw wastewater 
samples when used with the NucleoMag DNA/RNA Water Kit. A 
KingFisher Apex System was used for virus capture and 
concentration, as well as for RNA extraction. Viral RNA was detected 
with the Promega N1 primer. 
 
 
 

 
Figure 3. Nanotrap Particle Method Compared to Dynabeads Bead 
Method. Nanotrap Particle Method (150 µL Nanotrap Magnetic Virus 
Particles + 100 µL ER1 + 10 mL wastewater sample) with RNA 
extraction kits from ThermoFisher and MACHERY-NAGEL was 
compared to a Dynabeads Intact Virus Enrichment Beads Method 
(100 µL beads + 10 mL wastewater sample) with the RNA extraction 
kit from ThermoFisher.  A KingFisher Apex System was used for virus 
capture and concentration, as well as for RNA extraction. Viral RNA 
was detected with the IDT N1 primer. 
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FOR RESEARCH USE ONLY 
Nanotrap® particles and kits are not intended or validated for use in the diagnosis of disease or other conditions. 
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