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Key Advantages 

>     Enables detec on of mul ple SARS‐CoV‐2 variants 

>     Provides absolute quan fica on of low copy number 

samples with higher precision  

Introduc on 

Wastewater‐based epidemiology is a valuable and effi‐
cient tool to obtain informa on about the trends of 
COVID‐19 in communi es1,2. Data from wastewater‐
based epidemiology has been used to assess virus circu‐
la on in communi es, independent of diagnos c tes ng 
availability, willingness, and awareness (i.e. asympto‐
ma c virus carriers)2.  

Nanotrap® Magne c Virus Par cles enable rapid and 
efficient automated and manual methods for SARS‐CoV‐
2 tes ng sample processing for wastewater‐based epi‐
demiology3. Alterna ve concentra on methods (i.e. ul‐
trafiltra on, polyethylene glycol precipita on, electro‐
nega ve membrane filtra on) are me consuming, labor 
intensive, and costly3,4. On the other hand, Nanotrap® 
par cles allow for minimal hands‐on me and a high‐
throughput wastewater tes ng method, reducing the 

me‐to‐results by 20‐fold compared to other viral isola‐
on methods. This allows for Nanotrap® par cle‐

powered surveillance programs to process 10 to 100‐
fold more samples than those using tradi onal viral iso‐
la on methods, thereby overcoming one of the biggest 
bo lenecks in wastewater surveillance5. 

Since the emergence of new SARS‐CoV‐2 variants,  which 
have been associated with increased transmissibility 
and/or immune escape, there is an urgent need for 
methods that enable specific and mely detec on and 
quan fica on of the occurrence of these variants in the 
community2.  

Materials 

 Nanotrap® Magne c Virus Par cles: Ceres Nanosci‐
ences; SKU# 44202 

 Nanotrap® Enhancement Reagent 1: Ceres Nanosci‐
ences; SKU# 10111 

 SARS‐CoV‐2 Heat Inac vated Variants Controls: 

     B.1.617.2 (Delta): ZeptoMetrix; Cat# 
0810624CFHI 

     Reference 2019‐nCoV: ATCC; Cat# VR‐1986HK 

 PMMoV RNA standard: Promega; Cat# AM2070 

 NucleoMag® DNA/RNA Water Kit: MACHEREY‐
NAGEL; Cat# 744220.1 

 One‐Step RT‐ddPCR Advanced Kit for Probes: Bio‐
Rad; Cat#1864021 

 SARS‐CoV‐2 Variant Primer/Probe Set; IDT 

 QX100™ Droplet Digital™ PCR System; Bio‐Rad 

 ddPCR consumables; Bio‐Rad: 

 Droplet Genera on Oil for Probes 

 DG8™ Cartridges 

 DG8™ Gaskates 

 

Nanotrap® Par cles are Compa ble with RT‐ddPCR 
Assay for SARS‐CoV‐2 Variant Detec on in 
Wastewater 

Droplet Digital Polymerase Chain Reac on (ddPCR™) was 
developed to provide high‐precision, absolute quan fi‐
ca on of nucleic acid target sequences within samples 
through sample par oning6.  This technology also mi ‐
gates the effects of target compe on, making PCR am‐
plifica on less sensi ve to inhibi on6.  

In this applica on note, we show the compa bility of 
Nanotrap® Magne c Virus Par cles with RT‐ddPCR and 
demonstrate the detec on and absolute quan fica on 
of SARS‐CoV‐2 variants (i.e. Omicron, Delta) in 
wastewater samples.  
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Methods 

Sample Prepara on 

Range Finding: Five aliquots of one wastewater sample 
were spiked with heat‐inac vated SARS‐CoV‐2 at 0.1, 1, 
10, 100, and 1000 copies/mL (Cp/mL).  A sample with‐
out virus was used as a nega ve control.  

Agreement Study: Nine SARS‐CoV‐2 posi ve 
wastewater samples collected from different loca ons 
were used without any altera on.  

Variant Detec on: Wastewater samples were collected 
from two different geographic loca ons at two different 

me points.  

Virus Concentra on and Extrac on 

Nanotrap® Magne c Virus Par cles and Nanotrap® En‐
hancement Reagent 1 (ER1) were used to capture and 
concentrate SARS‐CoV‐2 from wastewater samples us‐
ing an automated protocol7. Viral RNA was extracted 
using the MACHEREY‐NAGEL NucleoMag® DNA/RNA 
Water Kit7. A wastewater sample was split between two 
Kingfisher™ 24 Well Deep Well Plates (4.875 mL into 
each of two wells). Fi y microliters of ER1 and seventy‐
five microliters of Nanotrap® par cles were added di‐
rectly to each well. Five hundred microliters of Nucleo‐
Mag® Buffer 1 (MWA1 Lysis Buffer) were added to a 
third Kingfisher™ 24 Well Deep Well Plate. The 24‐deep 
well sample plates were loaded onto a KingFisher™ 
Apex System for virus capture and concentra on. No 
filtra on or centrifuga on of the wastewater samples 
was required7.  

RT‐qPCR 

Viral detec on was achieved using the Promega 
GoTaq® Enviro Wastewater SARS‐CoV‐2 System (N1/
PMMoV). The kit reagents and RT‐qPCR controls were 
prepared according to the manufacturer’s instruc ons8.  

 

 

Table 1: List of primer and probes used in this study. 

 GoTaq® Enviro Wastewater SARS‐CoV‐2 Systems: 
Promega; Cat# AM2110  

 SARS‐CoV‐2 posi ve/nega ve wastewater samples  

 KingFisher™ Apex System and Materials; Thermo‐
Fisher 

 Bio‐Rad CFX™ 96  

RT‐ddPCR 

Variant detec on was conducted using singleplex or 
duplex RT‐ddPCR assays. Primers/probes were added to 
the One‐Step RT‐ddPCR Advanced Kit for Probes (Bio‐
Rad) and used for viral load assessment. Oligonucleo‐

des are listed in Table 1 and were purchased from IDT.  

Variant Name Primer/Probe Catalog 
Number 

Sequence 

Reference N 
gene 

Forward Primer 322305686 CATTAC‐
GTTTGGTGG
ACCCT 

Reverse Primer 322305687 CCTT‐
GCCATGTTG
AGTGAGA 

Probe (FAM) 322305675 FAM‐
CGCGATCAA
‐ZEN‐
AACAAC‐
GTCGG‐IBFQ 

Delta Forward Primer 322305682 ATTCGAA‐
GACCCAGTC
CCTA 

Reverse Primer 322305683 AGGTCCA‐
TAAGAAAAG
GCTGA 

Probe (HEX) 322305673 HEX‐
TGGATGGAA
‐ZEN‐
AGTGGAG‐
TTTATTCTAG
‐IBFQ 

Omicron Forward Primer 322305684 ATTCGAA‐
GACCCAGTC
CCTA 

Reverse Primer 322305685 ACTCTGAAC
TCACTTTCCA
TCC 

Probe (HEX) 322305674 HEX‐
TTGTAATGA‐
ZEN‐
TCCATTTTT‐
GGACCACAA
‐IBFQ 
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Results 

The reac on mix was prepared and RT‐ddPCR performed 
according to the manufacturer’s instruc ons6,9.  

The amplifica on step was performed using the follow‐
ing condi ons: 50°C for 60 min for reverse transcrip on, 
95°C for 10 min for enzyme ac va on, 40 cycles of 94°C 
for 30 s, and 61°C for 60 s, and finally, 98°C for 10 min 
for enzyme deac va on. 

Droplets were read on the QX100™ System (Bio‐Rad). 
Data were analyzed using the QuantaSo ™ 1.7.4 So ‐
ware (Bio‐Rad). Each ddPCR run was assessed to ensure 
(i) the total number of accepted droplets was >10,000, 
and (ii) the average fluorescence amplitudes of posi ve 
or nega ve droplets were in the approximate range of 
those in the other wells on the plate. 

For all experiments, we manually set the fluorescence 
amplitude threshold to dis nguish between the posi ve 
and the nega ve droplets. The midpoint between the  
average fluorescence amplitude of the posi ve and neg‐
a ve droplet cluster in the posi ve control was consid‐
ered as the signal threshold. The same threshold was 
applied to all the wells of one PCR plate. 

PMMoV Forward Primer 322305690 GAG‐
TGGTTTGAC
CTTAACGTTT
GA 

Reverse Primer 322305691 TTGTCGGTT‐
GCAATGCAA
GT 

Probe (HEX) 322305677 HEX‐
CCTACCGAA‐
ZEN‐
GCAAATG‐
IBFQ 

Range Finding 

The lower end of the working range of the Nanotrap® 
par cle/RT‐ddPCR method was inves gated by making 
contrived wastewater samples with 5 concentra ons of 
SARS‐CoV‐2. In addi on, there was a sample without 
SARS‐CoV‐2 used as a nega ve control. To verify RT‐
ddPCR results, the samples were also run on RT‐PCR and 
the results between the RT‐PCR and RT‐ddPCR were  

sta s cally correlated. Results are shown in Table 2. 
Each concentra on was run in triplicate. 

Table 2: Range finding results. 

We observed posi ve SARS‐CoV‐2 signals in three out of 
five contrived samples. Across both assays, 10 Cp/mL 
was the lowest viral load detectable (based on 3 out of 3 
replicates). No signal was observed in the nega ve con‐
trols for both methods. This suggests good correla on of 
the Nanotrap® par cle method across the two down‐
stream assay pla orms.   
 

Agreement Study 

To evaluate the agreement between our RT‐ddPCR 
method and the standard RT‐qPCR method, Bland‐
Altman analysis was used (Figure 1 and Figure 2). A total 
of 9 posi ve wastewater samples were tested for the 
presence of SARS‐CoV‐2 N gene and PMMoV (used as a 
fecal control). Samples were tested in technical dupli‐
cate in both the RT‐ddPCR and RT‐qPCR. One posi ve 
signal out of two technical duplicates was required to be 
considered as a posi ve sample.   

Figure 1: Bland‐Altman plot between RT‐qPCR and RT‐ddPCR in 
SARS‐CoV‐2 (N gene) detec on. Bland‐Altman plot represen ng the 
agreement between RT‐qPCR and RT‐ddPCR. Do ed lines represent 
the upper limit of 95% agreement, the bias, and the lower limit of 
95% agreement. 
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Figure 2: Bland‐Altman plot between RT‐qPCR and RT‐ddPCR in 
PMMoV detec on.  

Per the Bland‐Altman test, in which the difference be‐
tween the RT‐PCR and RT‐ddPCR result was plo ed over 
the average of the two measurements, there was strong 
agreement between results generated by the two as‐
says. 

SARS‐CoV‐2 Variant Detec on   

To assess the variant detec on capability of the Na‐
notrap® par cle/RT‐ddPCR protocol, wastewater sam‐
ples were collected from two different geographic loca‐

ons at two different me points. These loca ons and 
me points were selected as they were expected to cov‐

er a switch from Delta variant to Omicron variant. Each 
sample was tested in biological triplicate in two duplex 
RT‐ddPCR reac ons: N gene + S gene (Delta) and N gene 
+ S gene (Omicron). Channel 1 was assigned to FAM sig‐
nals for the SARS‐CoV‐2 N gene probe while Channel 2 
(HEX) was assigned to either the S gene for Delta or Omi‐
cron variants. Table 3 summarizes the results: 

Table 3:  Average SARS‐CoV‐2 variant concentra ons in 
wastewater samples from two different geographic loca ons 
at two different me points. 

Through Nanotrap® par cle capture and concentra on, 
we were able to detect both Delta and Omicron variants 
in wastewater.  Interes ngly, there was a discrepancy 
between the total amount of SARS‐CoV‐2 (as detected 
by the N gene) versus the amount of Delta and Omicron 
variants (as detected by the S gene). This indicates that 
addi onal variants were present in the wastewater sam‐
ples we tested, sugges ng that addi onal primer/probe 
sets would be needed to iden fy these variants. Despite 
this, we were able to see the transi on from Delta to 
Omicron as the dominant circula ng variant in each lo‐
ca on over a course of 2‐4 weeks, highligh ng that our 
method can be used for variant surveillance. 

Conclusions 

Nanotrap® Magne c Virus Par cles can be used to cap‐
ture and concentrate SARS‐CoV‐2 prior to RT‐ddPCR, 
allowing for detec on of mul ple viral variants in 
wastewater. This enables Nanotrap® par cles to be used 
as a strong tool in wastewater epidemiology. 
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