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            Abstract
Norovirus is a widespread public health threat and has a very low infectious dose. This protocol presents the extremely sensitive mobile detection of norovirus from water samples using a custom-built smartphone-based fluorescence microscope and a paper microfluidic chip. Antibody-conjugated fluorescent particles are immunoagglutinated and spread over the paper microfluidic chip by capillary action for individual counting using a smartphone-based fluorescence microscope. Smartphone images are analyzed using intensity- and size-based thresholding for the elimination of background noise and autofluorescence as well as for the isolation of immunoagglutinated particles. The resulting pixel counts of particles are correlated with the norovirus concentration of the tested sample. This protocol provides detailed guidelines for the construction and optimization of the smartphone- and paper-based assay. In addition, a 3D-printed enclosure is presented to incorporate all components in a dark environment. On-chip concentration and the assay of higher concentrations are presented to further broaden the assay range. This method is the first to be presented as a highly sensitive mobile platform for norovirus detection using low-cost materials. With all materials and reagents prepared, a single standard assay takes under 20 min. Although the method described is used for detection of norovirus, the same protocol could be adapted for detection of other pathogens by using different antibodies.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Hardware and assay procedure.[image: ]


Fig. 2: Outline of the protocol.[image: ]


Fig. 3: Rendered SolidWorks images.[image: ]


Fig. 4: On-chip concentration procedure.[image: ]


Fig. 5: Adaptive thresholding.[image: ]


Fig. 6: Processing smartphone images.[image: ]


Fig. 7: Expected results with different types of environmental water samples.[image: ]


Fig. 8: Expected results without and with on-chip concentration.[image: ]


Fig. 9: Expected results with adaptive thresholding.[image: ]
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                Data availability

              
              The data that support the findings of this study either were previously published in ref. 3 (Figs. 6 and 7, with source data provided in Supplementary Data 3) or are available upon reasonable request from the corresponding author (Figs. 8 and 9, with source data is provided in Supplementary Data 4 and 5). The video clip demonstrating the enclosure assembly is available in Supplementary Video 1. The video clip demonstrating the assay procedure is available in Supplementary Video 2.

            

Code availability

              
              The SolidWorks designs of paper microfluidic chip and microscope enclosure are available in Supplementary Data 1. MATLAB Mobile, MATLAB, and ImageJ macro codes are available in Supplementary Data 2, along with raw sample images. These codes are also deposited and publicly available at https://github.com/jeongyeolyoon/yoon-lab. The code in this protocol has been peer-reviewed.
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