
Application Note: Virus Capture and Concentration  

Page | 1  
November 2019 
 

Zika Detection in Urine with Nanotrap® Virus Particles  
Improving RT-PCR detection from frozen, unpreserved first-void clinical samples 

Key Advantages   
> Capture and concentrate Zika virus from urine to boost assay 

sensitivity and eliminate the need for invasive blood 
collection. 

> Overcome the sensitivity challenges in frozen storage 
conditions by minimizing the impact of sample degradation 
through virus enrichment.  

> Circumvent the low input sample volume restrictions of 
commercial extraction methods by capturing more virions 
from larger volumes upstream.  

> Easily integrate into existing workflows using sample 
collection devices, commercial RNA extraction methods and 
RT-PCR assays.  

Introduction 

Increasing geographic distribution of mosquito vectors and 
subsequent transmission by international travel has created a 
need for a technology that is capable of accurately and reliably 
detecting low-concentration viral pathogens, like Zika, in 
biological samples. Non-invasive collection methods, such as 
urine sampling are ideal, but they are limited by low molecular 
assay sensitivity in urine samples. This sensitivity issue is further 
exacerbated when collected samples need to be stored for 
longer periods of time or transported prior to testing.  First-void 
urine improves the sensitivity of molecular assays and offers an 
alternative to serum sampling. However, testing of urine 
samples that are stored for extended periods of time (> 1 year) 
in the absence of a preservative can result in false-negative 
results.  

Nanotrap particles can capture, concentrate, and preserve viral 
pathogens from biological fluids upstream of a range of 
analytical methods, including immunoassays and quantitative 
reverse-transcription polymerase chain reaction (qRT-PCR).1-4   

In this study, Nanotrap particles were evaluated for their ability 
to significantly improve the RT-PCR detection of Zika virus in 
frozen, archived clinical first-void urine samples. This work was 
performed in collaboration with Escuela Superior Politecnica del 
Litoral (ESPOL), Ghent University, Eucagen LLC., and Novosanis.  

Materials and Methods 

Sample Collection and Initial Testing 

Between April and June 2017, 95 first-void urine samples were 
collected using the Colli-Pee® device (Novosanis) from 
symptomatic patients living in Ecuador. There was no 
preservative added to the urine samples. The samples were 
stored at 4°C until they could be tested for Zika virus. Fifty of 
these samples tested positive for Zika virus using a validated 
laboratory developed RT-PCR assay after extraction with a 
QIAamp® Viral RNA Mini Kit (QIAGEN).5 The unpreserved 
samples were then stored at -80°C for 19 months. 

Nanotrap Particle Processing 

After storage at -80°C for 19 months, the 50 urine samples that 
had tested positive for Zika virus in 2017 were thawed and 
tested again with and without Nanotrap particle processing. To 
capture and concentrate Zika viruses from the thawed urine 
samples, 100 µL of Nanotrap Virus Particles were added to 1 mL 
and 4 mL aliquots of the thawed urine samples. The samples 
were incubated at room temperature for 20 minutes with 
agitation followed by centrifugation at 21,800 RCF for 7 minutes 
at room temperature. The supernatant was removed and the 
Nanotrap particle pellets with captured viruses were 
resuspended in 140 µL of 1X PBS prior to RNA extraction.   
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RNA Extraction 

Viral RNA was directly extracted from 140 µL of each of the 50 
samples following the QIAGEN QIAamp® Viral RNA Mini Kit 
protocol. These samples are referred to as unprocessed control 
samples in Table 1.  

To each sample processed with Nanotrap particles, 560 µL of 
QIAGEN AVL Buffer was added, according to the manufacturer’s 
instructions. The samples were incubated for 10 minutes at 
room temperature with shaking to lyse the captured viruses. The 
samples were centrifuged as before to pellet the particles. The 
supernatant was carefully removed and transferred to a clean 
RNase/DNAse free microcentrifuge tube. Five hundred and sixty 
microliters of 100% ethanol was added to the samples and 
briefly vortexed. The QIAGEN extraction kit protocol was 
followed with no deviations from the manufacturer’s 
instructions.  

RT-PCR Analysis   

The RNA extracted from samples processed with Nanotrap 
particles and from the unprocessed control samples were 
analyzed using the RealStar® Zika virus RT-PCR test (Altona 
Diagnostics) according to the manufacturer’s protocol.  

Results 

Positive Detection Rate  

When viral RNA extraction and RT-PCR analysis was performed 
with freshly collected specimens, all 50 samples tested positive 
for Zika. Following the initial study, these samples were frozen 
without a urine preservative. Subsequent RNA extraction and 
RT-PCR analysis without Nanotrap particle processing resulted in 
a 28% positive Zika detection rate (Table 1).  

Using Nanotrap Virus Particles to capture and concentrate Zika 
virus from 1 mL of urine with Nanotrap particles prior to RNA 
extraction and RT-PCR analysis nearly doubled the positive 
detection rate (54%). Using 4 mL of urine for enrichment further 
increased the positive hit rate to 60%. Amplification curves of 
representative samples are shown in Figure 1.    

 
Unprocessed 

Control 
Samples 

Sample Processed with 
Nanotrap Particles 

Sample 140 µL 1 mL 4ML 
1 - + + 
2 + + + 
3 - + - 
4 - + + 
5 - - + 
6 - + + 
7 - + + 
8 - - + 
9 - - - 

10 - - - 
11 - + + 
12 - + - 
13 + + - 
14 - - - 
15 - + + 
16 - - + 
17 - - - 
18 - + + 
19 - - - 
20 - - - 
21 - - - 
22 - - + 
23 - - + 
24 + + + 
25 - - - 
26 - - + 
27 - - - 
28 + + + 
29 - - - 
30 - - - 
31 + + + 
32 + + - 
33 - - - 
34 + + - 
35 + + + 
36 - + - 
37 - - - 
38 + - + 
39 - - + 
40 - + + 
41 - + + 
42 - + + 
43 - - - 
44 - + + 
45 + + + 
46 + - + 
47 + + + 
48 + + + 
49 - + + 
50 + + + 

TOTAL + 14 27 30 
 

Table 1: Overlap and distribution of the positive hits identified 
across both volumes of Nanotrap particle processed samples 
and unprocessed control samples.  
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Conclusions  

Here we demonstrate that capturing and concentrating Zika 
virus from first-void urine with Nanotrap particles significantly 
improves the detection of Zika virus by RT-PCR in those samples. 
These results have important implications for routine clinical 
diagnostics as the combination of first-void urine and Nanotrap 
particles can be used to enrich pathogens such as Zika virus. 
Immediate mixing of first-void urine with a preservative and 
incorporation of Nanotrap particles in the urine collection device 
could even further improve downstream assay performance. 
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Figure 1: Amplification curves of representative samples. 
 A. Sample 24 was positive in 4 mL of urine processed with 
Nanotrap particles but negative in the 1mL volume Nanotrap 
enrichment and unprocessed conditions. B. Sample 44 was 
positive after processing with Nanotrap particles in both 1 mL and 
4 mL volumes and negative in the unprocessed condition. C. 
Sample 26 was positive across all conditions.   D. Sample 25 was 
negative across all conditions.  

https://www.ceresnano.com/post/poster-nanotrap-particles-for-febrile-illness-causing-pathogens
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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. 

Ceres Nanosciences makes no warranties of any kind whatsoever express or implied, with respect to this protocol, 
including but not limited to warranties of fitness for a particular purpose or merchantability or that the protocol is 
non-infringing. All warranties are expressly disclaimed. Your uses of the method is solely at your own risk, without 
recourse to Ceres Nanosciences. 

©2019 Ceres Nanosciences, Inc. All rights reserved. 
Ceres Nanoscience, the stylized logo, and the Ceres Nanosciences product and service marks mentioned herein 
are trademarks or registered trademarks of Ceres Nanosciences, Inc. in the United States. Specifications subject to 
change without notice. All other names, logos and other trademarks are the property of their respective owners.  
Current as of May 11, 2020.  
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