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Abstract 

Patients infected with SARS-CoV-2 and influenza display similar symptoms but treatment 

requirements are different. Clinicians need to accurately distinguish SARS-CoV-2 from influenza in 

order to provide appropriate treatment. Here we show that the naked eye can differentiate between 

patients infected with SARS-CoV-2 and influenza A using a nucleic acid enzyme-gold nanoparticle 

molecular test requiring minimal equipment. The MNAzyme and gold nanoparticle (GNP) probes 

were designed to be robust to viral mutations. Conserved regions of the viral genomes were targeted 

and two MNAzymes were created for each virus. We tested the ability of our system to distinguish 

between SARS-CoV-2 and influenza A using 79 patient samples. When detecting SARS-CoV-2 

positive patients the clinical sensitivity was 95% and specificity was 100%. When detecting 

influenza A the clinical sensitivity and specificity was 93% and 100%, respectively. The high 

clinical performance of the MNAzyme-GNP assay shows that it can be used to help clinicians 

choose effective treatments.  

 

 

 

 

 

 

 

There is a need to develop simple molecular diagnostic tests to differentiate COVID-19 from 

influenza. COVID-19 and influenza patients can display similar symptoms including dry cough, 

fever, fatigue, headache and body ache. [1-3] These two diseases are treated differently. Corticosteroids 
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have been shown to benefit severe cases of COVID-19 but influenza patients given corticosteroids 

are at increased risk of death. [4,5] The treatments for these diseases are not interchangeable. Treating 

a patient with the wrong medications can cost them their lives. Moreover, patients who test positive 

for COVID-19 are recommended to self-isolate for 14 days and seek medical help if symptoms 

worsen. [6] Patients that are incorrectly assumed to have influenza will not self-isolate and may go on 

to infect members of their household or community. The ability to accurately distinguish COVID-19 

from influenza will prevent treatment-associated complications and reduce the risk of disease 

transmission leading to improved patient outcomes.  

Molecular diagnostic tests can differentiate between these two viral infections. Real-time 

polymerase chain reaction (qPCR) is the gold standard method for detection. However,  qPCR 

requires specialized readout equipment due to the fluorescent labeling of viral nucleic acid targets. 

This equipment must have a light source, lenses and software that processes and interprets results. 

qPCR tests also require state-of-the art labs operated by skilled technicians and have long turnaround 

times. Other molecular tests for active infections include antigen tests, which detect virus-specific 

proteins. Antigen tests for SARS-CoV-2 have detected the spike, envelope and membrane proteins. 

[7] These tests have poorer limits of detection when compared to qPCR and require special equipment 

to interpret results. Here, we propose the design of a colorimetric nucleic acid enzyme-gold 

nanoparticle molecular test that can accurately differentiate between patients infected with Influenza 

A and COVID-19 using minimal equipment.   

The MNAzyme-gold nanoparticle system uses DNA enzymes and gold nanoparticles (GNPs) 

to identify nucleic acid targets (Figure 1). [8] In the first step a nasopharyngeal swab is obtained from 

the patient. Viral RNA is extracted, reverse transcribed and amplified using isothermal methods. 

Recombinase polymerase amplification (RPA) is an isothermal amplification method used to 

minimize the need for equipment and simplify the testing workflow. The amplified sample is 
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chemically denatured then incubated with the MNAzyme and gold nanoparticle probes. The final 

color of the solution indicates whether a patient is positive or negative for disease.  

The MNAzyme-GNP assay uses MNAzymes to sense target and control colorimetric 

detection. MNAzymes are catalytic nucleic acid enzymes composed of two single stranded DNA 

sequences. The two halves of the MNAzyme are separated and do not have cleaving activity in the 

absence of a genomic target. [9] Genomic target acts as a scaffold for the MNAzyme (Figure S1). The 

target binds both MNAzyme halves to assemble and activate the MNAzyme. GNPs connected by a 

DNA linker are also present in the MNAzyme solution. The assembled MNAzymes cleave the linker 

strand at its uracil. This frees the GNPs and changes the color of the solution from purple to pink 

(Figure 1A top). In the absence of target the solution appears purple as the MNAzyme is unassembled 

and the two GNPs are kept in close proximity via a DNA linker (Figure 1A bottom). The simple 

colorimetric readout of the MNAzyme-GNP assay can be seen with the naked eye, no specialized 

equipment is necessary, making it easy to identify whether a patient has COVID-19, influenza or 

neither. The key developments and study novelty lay with the design of the probes, which enabled 

the differentiation of Influenza A and SARS-CoV-2, and optimization of the assay conditions to 

enable detection of clinical samples.  
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 Figure 1. A) Mechanism for detection using the MNAzyme-GNP system. B) Operational workflow for 

using the MNAzyme-GNP system. Following isothermal reverse transcription and amplification, the target 

cDNA is incubated with the MNAzyme, linker DNA and gold nanoparticle (GNP) probes. In the presence of 

target the MNAzyme is activated to cleave the linker. Positive samples appear pink. In the absence of target 

the MNAzyme is inactive and the solution appears purple. The color can be determined by eye.  

 

We analyzed the genomes of influenza A H3N2 and SARS-CoV-2 to create a MNAzyme-

GNP test for Influenza A and COVID-19. RNA viruses have high mutation rates that can lead to 

changes in the viral genome thereby preventing detection and reducing the clinical sensitivity of 

diagnostic tests. [10-12] The inability to detect viral sources of infection would prevent patients from 

receiving appropriate treatment. To overcome this pervasive challenge, we employed two strategies 

to obtain high clinical sensitivity. The viral sequences used in this analysis were obtained from NCBI 
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Nucleotide and the Global Initiative for Sharing All Influenza Data (GISAID). Genomes were aligned 

with the help of Geneious (Geneious 11.1.8). First, we designed MNAzymes for two separate regions 

of the SARS-CoV-2 genome, the E gene and the ORF1b. These regions are conserved within SARS-

CoV-2 but not in common cold coronaviruses or other respiratory viruses. While a number of regions 

have been used to detect SARS-CoV-2 we chose regions that could be amplified by primers with high 

analytical sensitivity, few positional mismatches, and/or were previously validated using clinical 

specimens. [13-15] Furthermore, large scale analyses of more than 275,000 SARS-CoV-2 sequences in 

GISAID (updated January 29, 2021) have shown that primers for the E and ORF1ab have the fewest 

mutations from all genome regions. [15] This scale of analysis is rare and has enabled our design of 

high sensitivity SARS-CoV-2 probes. Second, we designed a degenerate MNAzyme to detect 

influenza H3N2, a strain of influenza A that accounted for the majority of influenza infections in 

2020. [16] We identified a highly conserved region of the matrix gene that is present in human 

influenza A but not other human respiratory viruses. Choosing a unique target region prevents false 

positive test results and increase the certainty of diagnosis. When a consensus nucleotide could not 

be identified, a degenerate nucleotide was incorporated at that position. Numerous probes for each 

viral target were designed and screened for analytical sensitivity. All sequences for detecting viral 

targets can be found in Table S1.  The strategies leveraged for MNAzyme design enabled the 

development of a MNAzyme-GNP assay that can bind and detect target in the presence of viral 

mutations.  

We characterized the cross-reactivity and limit of detection of the MNAzyme-GNP assay 

using synthetic DNA without amplification. The workflow is described in Figure 1B. DNA or elution 

buffer (negative control) were denatured using chemical denaturation. Chemical denaturation was 

completed within five minutes at room temperature. It required only blocking strands complementary 

to the target and NaOH making it amenable to use in low resource settings. The denatured DNA was 

mixed with target-specific MNAzyme, MNAzyme buffer, linker strand, MgCl2 and water. The 

solution was incubated at 50C for one hour before GNP probes were added. The final MNAzyme-
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GNP solution was incubated at 50C for 20 minutes to allow GNP aggregation. To best visualize the 

resulting color, 3µL of solution was spotted on a thin layer chromatography (TLC) plate. Cross-

reactivity tests between the influenza A and SARS-CoV-2 MNAzyme-GNP probes were completed 

using gene specific targets. No cross-reactivity was seen between probes and targets for different 

genes (Figure S2). In limit of detection studies, reactions with 1-1010 copies of DNA appeared purple 

indicating a negative result. The limit of detection using the naked eye was 1011 DNA copies. These 

results were validated using UV-Vis spectrophotometry. A shift in the absorbance peak to 523nm 

indicated a positive result (presence of the target sequence in solution). The limit of detection of the 

MNAzyme-GNP assay alone was 1011 copies of DNA using both UV-Vis spectrophotometry and 

colorimetric readout (Figure 2A, C). This limit of detection would not be sufficient to identify 

patients infected with SARS-CoV-2. [17] 

 

Figure 2. Analytical sensitivity for detecting RNA viruses with and without amplification. Varying 

amounts of DNA were amplified via RPA and detected with MNAzyme-GNP assay. Spot images represent 

colorimetric readout for (A) influenza A or (B) SARS-CoV-2 DNA on a TLC plate after adjusting for 
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brightness and contrast on ImageJ. All SARS-CoV-2 samples were amplified using RPA. DNA copies refer 

to the amount of DNA per reaction. The bottom bar graphs represent the wavelength of the absorbance peak 

of the MNAzyme-GNP solution when detecting influenza A DNA (C) without RPA or (D) with RPA. Error 

bars represent standard error of the mean from experimental triplicates. All statistics were calculated on 

excel using a two-tailed unpaired T-test assuming two-sample equal variance (*p<0.05, **p<0.01, and 

***p<0.001). RPA; recombinase polymerase amplification. 

We improved the limit of detection by adding an isothermal amplification step. Synthetic viral 

targets were amplified using recombinase polymerase amplification (RPA). RPA is a form of 

isothermal amplification that requires no specialized equipment. This rapid amplification requires 

only one mixing step and one incubation at 37-42⁰ C. Briefly, forward primer and reverse primers, 

RPA rehydration buffer and magnesium acetate were mixed with water to a total volume of 48 µL. 

The solution was added to the RPA pellet with 2 µL of water or serially diluted DNA. The solution 

was incubated for 30 minutes at 37-39⁰ C. The amplified product was purified for use in the 

MNAzyme-GNP assay. By adding the isothermal amplification step the limit of detection improved 

from 1011 copies of DNA/reaction to 103 copies of DNA/reaction (Figure 2A, D). A limit of detection 

of 103 copies of DNA/reaction was also seen when detecting SARS-CoV-2 after RPA (Figure 2B). 

This improvement could be seen by the naked eye and using the UV-vis spectrophotometer. The 

increase in sensitivity would allow the MNAzyme-GNP assay to detect SARS-CoV-2 in infected 

patients. [17]   

We next evaluated the clinical performance of the MNAzyme-GNP system in a broad patient 

population. We chose a patient population with a spectrum of respiratory viral infections including 

SARS-CoV-2, other human coronaviruses, influenza virus, enterovirus, human metapneumovirus, 

parainfluenza virus and respiratory syncytial virus. Many patients infected with these viruses present 

with similar upper respiratory tract symptoms. To differentiate between these infections, clinicians 

order diagnostic tests. Patients may also be infected with varying amounts of virus. A patient’s viral 

load changes from early to late infection and varies between individuals. [17] We accounted for this 

natural variability by testing our system in patients with a wide range of viral loads (Table S2 & S3). 

For example, the viral load of SARS-CoV-2 positive patients varied approx. 2,000,000 orders of 
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magnitude when amplified using the gold standard qRT-PCR. In total 79 patient swabs were used 

when evaluating the MNAzyme-GNP system.  

The clinical specificity and sensitivity of the MNAzyme-GNP system was evaluated for 

SARS-CoV-2 and influenza A. Viral RNA was extracted from nasopharyngeal and mid-turbinate 

swabs. The ground truth diagnosis was determined for COVID-19 and Influenza A. Patients positive 

for COVID-19 were identified using qRT-PCR for the 5’UTR and E gene (Table S2). Influenza A 

was identified using the Luminex xTAG Respiratory Viral Panel Fast test (Table S3). The extracted 

RNA was reverse transcribed, isothermally amplified and detected using the MNAzyme-GNP assay. 

The SARS-CoV-2 assay had a 90% sensitivity (95% CI, 54-99) and 100% positive predictive value 

(95% CI, 63-100) when detecting SARS-CoV-2 from nasopharyngeal swabs. The clinical specificity 

was 100% (95% CI, 80-100) and negative predictive value 95% (95% CI, 74-100) (Figure 3B, Table 

S4). Although cross-reactivity with other coronaviruses could have compromised the specificity of 

the MNAzyme-GNP assay, we were able to accurately identify patients infected with SARS-CoV-2. 

When detecting influenza A we achieved positive and negative predictive values of 100% (95% CI, 

84-100) and 91% (95% CI, 69-98) respectively. The clinical sensitivity for influenza A was 93% 

(95% CI, 75-99%) and specificity was 100% (95% CI, 80-100) (Figure 3A, Table S5). The 

MNAzyme-GNP system could detect SARS-CoV-2 and influenza with high accuracy using minimal 

laboratory equipment.  
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Figure 3. Detection of Influenza A and SARS-CoV-2 from Clinical Swabs. RNA was extracted from 

clinical swabs, reverse transcribed, isothermally amplified and detected with the MNAzyme-GNP assay. 

Spot images depict the colorimetric diagnosis of (A) influenza A from patient mid-turbinate swabs and (B) 

SARS-CoV-2 from patient nasopharyngeal swabs. OC43 and 229E are non-target beta-coronaviruses that 
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infect humans. The E gene and ORF1ab are two regions of the SARS-CoV-2 genome. Spot images represent 

colorimetric readout on a TLC plate after adjusting for brightness and contrast on Image J. Pink indicates a 

positive test. 

Our MNAzyme-GNP system uses a simple colorimetric readout that can be interpreted by 

eye. In this work we leveraged isothermal reverse transcription and isothermal amplification to obtain 

clinically relevant limits of detection with minimal equipment. Other methods for detecting SARS-

CoV-2 have been highlighted in several review articles. [2,18,19] Some of these detection methods have 

colorimetric readouts but few have been evaluated using their intended sample type. Yrad et al. used 

only synthetic targets to evaluate a nucleic acid sequence-based amplification (NASBA) and 

colorimetric lateral flow biosensor to detect dengue. [20] Similarly, Moitra et al. developed a GNP 

aggregation assay for detecting SARS-CoV-2 from culture. [21] Patient samples were not used and 

specificity testing was only done with MERS-CoV, a related but uncommon coronavirus. Loop-

mediated isothermal amplification has been combined with pH sensitive dyes to detect SARS-CoV-

2. [22] In the presence of target the solution changes from pink to yellow. Other colorimetric sensors 

detect Cu2+ using nanocellulose or Hg2+ using GNPs and DNAzymes have not yet been used to detect 

SARS-CoV-2 but were similarly not evaluated using environmental samples. [23,24] These colorimetric 

tests have been successful when detecting pure or spiked samples, but the challenge arises when 

clinical samples are used.  

Clinical validation represents a challenge for new diagnostic technologies. Patient samples 

have additional matrix complexity, a range of possible target concentrations and mutations in the 

target sequence. Natural patient variability, which is absent from synthetic samples, can lead to 

misdiagnosis. Using a broad range of patient samples and samples from related viruses improves test 

design. These samples will provide a more accurate indication of diagnostic performance compared 

to spiked samples. Many technologies (while published) are not yet engineered for patient use. They 

require a redesign before they can be used for diagnosing patients. Redesign is guided by the practical 

application and the performance requirements of that application. The MNAzyme-GNP assay was 

engineered for readout simplicity and redesigned for high clinical accuracy using patient samples. 
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The redesign step in the diagnostic development process is rarely considered by academic researchers 

but it is needed to advance published diagnostic concepts and to help solve the medical challenges 

facing society.  

Our study reports the development of a MNAzyme-GNP system capable of detecting two 

commonly circulating respiratory viruses with minimum equipment. The results of the MNAzyme-

GNP system can be seen with just the naked eye. We envision that the workflow may be further 

automated to simplify the entire assay process so that test results are available to clinicians within a 

single patient visit.We can further expand our overall approach to detect numerous respiratory 

viruses. Upper respiratory infections have been the leading cause of disease from 1990 to 2017 with 

more than 17 billion cases in 2017. [25] A respiratory virus panel can be used to identify the cause of 

infection even when patients with different viruses present with similar symptoms. The ability to 

accurately differentiate flu from COVID-19 allows clinicians to choose effective treatments that 

minimize human transmission, suffering and death.   

 

 

 

 

Methods 

Gold Nanoparticle Synthesis and Conjugation  

The colorimetric readout of the MNAzyme-GNP assay is attributed to the GNPs. We synthesized 

15nm GNPs using the Turkevich method. [26] Briefly, 98mL of distilled water and 1mL of 25nM 

HAuCL4 were brought to boil in a prewashed flask on a stir plate (set to 300⁰ C). Once boiling, 

1mL of 33mg/mL sodium citrate tribasic solution was quickly added. The solution was heated and 

stirred for 10 minutes before cooling on ice. Dynamic light scattering was used to measure particle 
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size and monodispersity (PDI < 0.1 accepted).  Tween-20 was added to a final concentration of 

0.01% (v/v). Particles were conjugated with thiolated DNA (Table S1) by mixing 100μL of 100nM 

GNPs, 100μL DNA (2.5μM GNP probe 1 and 10μM GNP probe 2), 40μL 0.1% (v/v) Tween-20 

and 60μL water. [27] The solution was incubated at room temperate for 5 minutes before adding 

100μL of 100mM trisodium citrate buffer (pH 3). This mixture incubated another 30 minutes at 

room temperature allowing DNA to bind the particle surface. The GNP surface was then backfilled 

with polyethylene glycol (PEG). DNA-conjugated GNPs were mixed with 50μL 2mM 1000 Da 

methoxy- and thiol-terminated PEG and incubated for 30 minutes at 60⁰ C. DNA-conjugated GNPs 

were then washed by 3x by centrifugation at 16,000g for 45 min. After the final wash GNPs were 

resuspended in 0.01% (v/v) Tween-20 solution and concentration adjusted to 11 nM.  

RNA Extraction  

RNA samples for influenza A were extracted from mid-turbinate swabs and samples for SARS-

CoV-2 were extracted from nasopharyngeal swabs. Patient samples were collected at Sunnybrook 

Health Sciences Centre. Samples (200 µL) were extracted with EZ1 XL or EZ1 virus mini kit 

version 2 (Qiagen), eluted in 60 µL of RNAse-free water and stored at -80⁰ C until later use. 

Reverse Transcription and Recombinase Polymerase Amplification  

Reverse transcription recombinase polymerase amplification (RT-RPA) was performed using 

TwistAmp Basic RT kit (TwistDX) for influenza A samples. A premix solution containing 2.6 µL 

of forward primer (10pmol/µL), 3.0 µL of reverse primer (10pmol/µL), 29.5 µL of rehydration 

buffer, 1.4 µL of nuclease-free water, 1 µL of RNAse Inhibitor (BioShop Canada Inc., 40 units/µL), 

and 2.5 µL of magnesium acetate (280 mM), and 10 µL of extracted RNA was prepared to make a 

total volume of 50 µL. For negative controls, 10 µL of nuclease-free water was added instead of 

extracted RNA. This solution was then transferred to a tube containing the lyophilized enzyme 

pellet, mixed and incubated at 40⁰ C for 30 minutes. Reverse transcription then RPA was 

completed for SARS-CoV-2 samples. Reverse transcription was done using the SensiFAST cDNA 

synthesis kit (Bioline Ltd). Briefly, 5 μL RNA was mixed with 4 μL 5x TransAmp Buffer, 1 μL 

A
cc

ep
te

d 
A

rt
ic

le



 This article is protected by copyright. All rights reserved 

reverse transcriptase and 10 μL DNase/RNase free water and then incubated as per manufacturer 

instructions. RPA reactions used a similar premix solution instead using 2.4 µL of each primer 

(20pmol/µL), 29.5 µL of rehydration buffer, 8.2 μL cDNA and 5 μL magnesium acetate. This 

solution was then transferred to a tube containing the lyophilized enzyme pellet, mixed and 

incubated at 39⁰ C for 40 minutes. 

RT-RPA products were purified using either the EZ-10 spin column DNA gel extraction kit (Bio 

Basic Inc.) or GeneJET PCR purification kit (Thermo Fisher Scientific), eluted into 50 µL, 

visualized by agarose gel electrophoresis, (135 V, 3% agarose gel, 30 minutes) and stored at 4⁰ C 

until later use. For gel electrophoresis low molecular weight ladder (New England Biolands) was 

used. 

Denaturation and blocking for Recombinase Polymerase Amplification Products  

Analytical sensitivity of the MNAzyme-GNP assay was measured using 1 µL of purified RPA 

product, 2 µL of blocking strands mix (final concentration of 50 pmol/µL for each strand) and 2 µL 

of TE buffer were mixed. The solution was incubated at 95⁰ C for 10 minutes and then 40⁰ C for 

10 minutes. Clinical sensitivity and specificity was measured using 5 µL of purified RT-RPA 

product and 2 µL blocking strands mix (final concentration of 50 pmol/µL for each strand) were 

mixed. The final solution was incubated at 95⁰ C for 10 minutes, and at 40⁰ C for 10 minutes. 

MNAzyme-GNP Readout 

Analytical sensitivity was measured using 4 µL of blocked RPA amplicons mixed with 1 μL of 10x 

MNAzyme buffer (0.1 M Tris-HCl, 0.5 M KCl, pH 8.3), 1 μL of 300 mM MgCl2, 1 μL of virus-

specific MNAzyme (4 μM) 1 μL of 1 μM of Linker and 2 μL of water. For negative control, we 

used 5 µL of elution buffer and blocking strands mix. The mixture was incubated at 50⁰ C for 1 

hour. After incubation, 10 μL of GNPs probe mixture was then added to the samples and negative 

control and incubated at 50⁰ C for 20 minutes to allow aggregation of GNPs. Three µL of sample 

was then deposited on the surface of a TLC plate. The remaining of the sample was then measured 
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using UV-vis spectrophotometer to record the peak absorbance wavelength. This workflow is 

depicted in Figure 1B. Clinical sensitivity and specificity measurements used 6 µL of blocked RPA 

amplicons. 

Statistical analysis 

Data were statistically analyzed using GraphPad Prism 6 and Microsoft Excel 2013. The student t-

test (2 tails) was used for hypothesis testing between data pairs. 

 

Supporting Information 

Supporting Information is available from the Wiley Online Library or from the author. 
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Molecular diagnostic tests are needed to differentiate patients infected with COVID-19 and 

influenza to guide treatment decisions.  We developed a colorimetric test using nucleic acid 

enzymes and gold nanoparticles to identify these respiratory pathogens. Our test had 93-95% 

sensitivity and 100% specificity in patients. The results enable rapid translation of this materials-

based diagnostic approach for use in human patients.  

Hannah N. Kozlowski, Mohamed A. Abdou Mohamed, Jisung Kim, Natalie G. Bell, Kyryl 

Zagorovsky, Samira Mubareka, Warren. C. W. Chan* 

Color test to differentiate patients infected with Flu from COVID-19 
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Supporting Information 

A colorimetric test to differentiate patients infected with influenza from COVID-19 

Hannah N. Kozlowski, Mohamed A. Abdou Mohamed, Jisung Kim, Natalie G. Bell, Kyryl Zagorovsky, 

Samira Mubareka, Warren. C. W. Chan* 
 

 

Figure S1. MNAzyme schematic showing SARS-CoV E gene MNAzyme complex. The bottom shows that 

the target sequence (orange) enables MNAzyme (blue) assembly. The two halves of the MNAzyme are 

labeled R and L for right and left. The active domain (navy blue) of the MNAzyme can cleave the linker 

strand (green) at the uracil (red). The top shows the two DNA-conjugated (black) GNP probes that bind the 

linker strand.   
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Figure S2. Cross reactivity for MNAzyme-gold nanoparticle probes. Tests were conducted using synthetic DNA for 

influenza A or SARS-CoV-2. Spot images represent colorimetric readout on a TLC plate after adjusting for 

brightness and contrast on Image J. Pink indicates a positive test. “EBS” is a negative control solution containing 

DNA elution buffer and blocking strands.   
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Table S1. List of DNA sequences for viral pathogens. 

 

 Influenza A (5’ to 3’) SARS-CoV-2 E gene (5’ to 3’) SARS-CoV-2 ORF1b (5’ to 3’) 

Forward 

primer 

ATGAGYCTTYTAACCGAGGT

CGAAACG 

CGTTAATAGTTAATAGCGTAC

TTCTTTTTC 

AGGTTTCAAACTTTACTTGCT

TTACATAGA 

Reverse 

primer 

TGGACAAANCGTCTACGCTG

CAG 

ATATTGCAGCAGTACGCACA

CAATCGAAGC 

TCCTAGGTTGAAGATAACCC

ACATAATAAG 

Target 

ATGAGTCTTCTAACCGAGGTC

GAAACGTACGTTCTCTCTATC

ATCCCGTCAGGCCCCCTCAA

AGCCGAGATCGCGCAGAAAC

TTGAAGATGTCTTTGCAGGA

AAGAACACCGATCTCGAGGC

TCTCATGGAGTGGCTAAAGA

CAAGACCAATCCTGTCACCTC

TGACTAAAGGGATTTTGGGA

TTTGTATTCACGCTCACCGTG

CCCAGTGAGCGAGGACTGCA

GCGTAGACGCTTTGTCCA 

CGTTAATAGTTAATAGCGTAC

TTCTTTTTCTTGCTTTCGTGGT

ATTCTTGCTAGTTACACTAGC

CATCCTTACTGCGCTTCGATT

GTGTGCGTACTGCTGCAATAT 

AGGTTTCAAACTTTACTTGCT

TTACATAGAAGTTATTTGACT

CCTGGTGATTCTTCTTCAGGT

TGGACAGCTGGTGCTGCAGC

TTATTATGTGGGTTATCTTCA

ACCTAGGA 

MNAzyme 

left arm 

CAAGATCGCTAGGCTAGCT 

GAGAGCCTCRAGATCKGTGT

T 

CAAGATCGCTAGGCTAGCTG

CAAGAATACCACGAAAGCAA 

CAAGATCGCTAGGCTAGCTG

AAGAAGAATCACCAGGAGTC 

MNAzyme 

right arm 

CTTGTCTTTAGCCAYTCCATA

CAACGAATAGTGTCACA 

AAGGATGGCTAGTGTAACTA

ACAACGAATAGTGTCACA 

CAGCACCAGCTGTCCAACCT

ACAACGAATAGTGTCACA 

Linker DNA 

CGTCGCACTCACTCGTTGTGA

CACTATGUAGCGATCTTGTTG

ACTGTAAGCCACC 

CGTCGCACTCACTCGTTGTGA

CACTATGUAGCGATCTTGTTG

ACTGTAAGCCACC 

CGTCGCACTCACTCGTTGTGA

CACTATRGUAGCGATCTTGTT

GACTGTAAGCCACC 

GNPs probe 1 

SS--

AAAAAAAAAACGAGTGAGTG

CGACG 

SS--

AAAAAAAAAACGAGTGAGTG

CGACG 

SS--

AAAAAAAAAACGAGTGAGTG

CGACG 

GNPs probe 2 
GGTGGCTTACAGTCAAAAAA

AAAAA—SS 

GGTGGCTTACAGTCAAAAAA

AAAAA—SS  

GGTGGCTTACAGTCAAAAAA

AAAAA—SS  

BS #1 

CTTTCCTGCAAAGACATCTTC

AAGTTTCTGCGCGATCTCGGC

TTTGAGGG 

GAAAAAGAAGTACGCTATTA

ACTATTAACG AAATAACTTCTATGTAAAGC

AAGTAAAGTTTGAAACCT 

BS #2 

GGCCTGACGGGATGATAGAG

AGAACGTACGTTTCGACCTC

GGTTAGAAGACTCAT 

ATATTGCAGCAGTACGCACA

CAATCGAAGCGCAGT TCCTAGGTTGAAGATAACCC

ACATAATAAGCTG 

BS #3 

TGGACAAAGCGTCTACGCTG

CAGTCCTCGCTCACTGGGCAC

GGTGAG 

N/A N/A 
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BS #4 

CGTGAATACAAATCCCAAAA

TCCCTTTAGTCAGAGGTGACA

GGATTGGT 

N/A N/A 
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Table S2. List of samples for SARS-CoV-2 testing.  

 

Sample 

# 
Virus 5’UTR (CT value) E gene (CT value) 

Negative Samples 

1 OC43 N/A N/A 

2 OC43 N/A N/A 

3 OC43 N/A N/A 

4 OC43 N/A N/A 

5 OC43 N/A N/A 

6 229E N/A N/A 

7 229E N/A N/A 

8 229E N/A N/A 

9 229E N/A N/A 

10 229E N/A N/A 

11 OC43 N/A N/A 

12 OC43 N/A N/A 

13 OC43 N/A N/A 

14 OC43 N/A N/A 

15 OC43 N/A N/A 

16 229E N/A N/A 

17 229E N/A N/A 

18 229E N/A N/A 

19 229E N/A N/A 

20 229E N/A N/A 

Positive Samples 

21 SARS-CoV-2 32.98 30.04 

22 SARS-CoV-2 27.16 23.54 

23 SARS-CoV-2 18.12 15.21 

24 SARS-CoV-2 24.71 20.92 

25 SARS-CoV-2 18.94 15.32 

26 SARS-CoV-2 12.33 9.7 

27 SARS-CoV-2 22.89 19.25 

28 SARS-CoV-2 20.49 17.49 

29 SARS-CoV-2 24.33 20.81 

30 SARS-CoV-2 19.68 16.22 

N/A – Not Applicable 
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Table S3. List of samples for influenza A testing.  

 

Sample 

# 
Virus 

Influenza A RNA 

(copies/L) 

RVP Fast MFI 

Matrix H3 

Negative Samples 

1 ENR N/A N/A N/A 

2 ENR N/A N/A N/A 

3 ENR N/A N/A N/A 

4 HPMV N/A N/A N/A 

5 ENR N/A N/A N/A 

6 ENR N/A N/A N/A 

7 ENR N/A N/A N/A 

8 HPMV N/A N/A N/A 

9 ENR N/A N/A N/A 

10 PIV4 N/A N/A N/A 

11 RSV N/A N/A N/A 

12 ENR N/A N/A N/A 

13 ENR N/A N/A N/A 

14 RSV N/A N/A N/A 

15 NEG N/A N/A N/A 

16 NEG N/A N/A N/A 

17 NEG N/A N/A N/A 

18 RSV N/A N/A N/A 

19 RSV N/A N/A N/A 

20 ENR N/A N/A N/A 

Positive Samples 

22 H3N2 3.35E+04 2.87E+03 3.54E+03 

23 H3N2 3.28E+05 2.49E+03 6.60E+02 

24 H3N2 7.83E+04 2.45E+03 1.80E+03 

25 H3N2 1.32E+05 2.87E+03 2.90E+03 

26 H3N2 5.04E+05 3.07E+03 3.92E+03 

27 H3N2 3.99E+03 2.61E+03 3.47E+02 

28 H3N2 2.11E+05 2.67E+03 2.70E+03 

29 H3N2 9.24E+05 1.75E+03 2.22E+03 

30 H3N2 4.80E+06 2.06E+03 1.99E+03 

31 H3N2 3.51E+06 2.40E+03 2.58E+03 

32 H3N2 1.21E+05 2.31E+03 8.58E+02 

33 H3N2 6.99E+04 2.44E+03 3.83E+02 

34 H3N2 3.31E+05 2.32E+03 1.57E+03 

35 H3N2 3.14E+06 2.45E+03 2.79E+03 

36 H3N2 4.69E+05 2.52E+03 1.70E+03 

37 H3N2 7.37E+05 2.20E+03 2.31E+03 

38 H3N2 1.75E+06 2.17E+03 1.19E+03 

39 H3N2 9.04E+05 6.03E+03 3.39E+03 

40 H3N2 U/A 2.06E+03 1.99E+03 

41 H3N2  U/A 2.52E+03 1.70E+03 

42 H3N2 U/A 2.20E+03 2.31E+03 

43 H3N2 U/A 2.45E+03 2.79E+03 

44 H3N2 U/A 2.17E+03 1.19E+03 

45 H3N2 2.49E+05 2.98E+03 1.36E+03 

46 H3N2 1.91E+05 2.93E+03 3.56E+03 

47 H3N2 2.60E+04 2.68E+03 1.24E+03 

48 H3N2 1.73E+06 2.04E+03 2.15E+03 

49 H3N2 7.66E+05 2.27E+03 1.79E+03 

ENR – enterovirus, HPMV – human metapneumovirus, PIV 4 – parainfluenza virus 4, RSV – respiratory syncytial 

virus, N/A – Not Applicable, U/A – Unavailable 
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Table S4. Clinical performance of the MNAzyme-GNP assay for SARS-CoV-2 compared to gold 

standard.   

 

 

M
N

A
zy

m
e-

G
N

P
 

qRT-PCR for SARS-CoV-2 (Gold Standard) 

 Positive Negative Total Predictive 

value 

Positive 9 

(True 

positive) 

0 

(False 

positive) 

9 PPV = 100% 

Negative 1 

(False 

negative) 

20 

(True 

negative) 

21 NPV = 95% 

Total 10 20 30  

 Sensitivity = 

90% 

Specificity = 

100% 
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Table S5. Clinical performance of the MNAzyme-GNP assay for influenza A compared to gold 

standard.   
 

M
N

A
zy

m
e-

G
N

P
 

Luminex xTAG Respiratory Viral Panel Fast – Influenza A (Gold Standard) 

 Positive Negative Total Predictive 

value 

Positive 26 

(True positive) 

0 

(False 

positive) 

26 PPV = 100% 

Negative 2 

(False 

negative) 

20 

(True 

negative) 

22 NPV = 91% 

Total 28 20 48  

 Sensitivity = 

93% 

Specificity = 

100% 

  

 

A
cc

ep
te

d 
A

rt
ic

le


