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1. Background
SARS-CoV-2 emerged in the 2019-2020 respiratory season
and has turned into a global pandemic. Common respiratory
viruses, e.g., respiratory syncytial virus (RSV), influenza A (IAV)
and B (IBV) viruses mimic SARS-CoV-2 in clinical presentations
but have different clinical courses, therapies and outcomes,
highlighting the urgent need for a differential and definitive
diagnosis of viral infections and co-infections, especially during
respiratory seasons.
Some commercially available single-well multiplex assays,
e.g., TaqPath COVID/Flu/RSV testing, allow for large scale
screening in the context of the pandemic, but lack the ability to
distinguish IAV and IBV. To meet the need for a high-throughput
single-well multiplex assay that distinguishes between IAV and
IBV, ChromaCode developed the HDPCR Respiratory Virus 6
(RV6) qPCR assay. It uses probe-limited chemistry and unique
calibrators to allow for accurate multiplexing and end-point
fluorescence
detection/differentiation
of
SARS-CoV2/IAV/IBV/RSV (Fig. 1). We aimed to evaluate the analytical and
clinical performance of the RV6 assay.

2. Methods and Results
2.1. Limit of detection (LOD) study of RV6 HD-PCR assay.

2.3. High-concentration spiked-in IAV, IBV or RSV has little impact
on detection of low-abundance SARS-CoV-2 with RV6 assay.
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Fig. 2.1 LOD study of RV6 HD-PCR assay. Pooled nasopharyngeal (NP) specimen positive for IAV, IBV, RSV or SARS-CoV-2
were confirmed to have similar CT values (~15.0) by Panther Fusion FluA/B/RSV assay or ThermoFisher TaqPath COVID-19
assay. Individual pooled NP specimen were subjected to serial 1:10 dilutions till 1:109 dilutions. Undiluted and diluted samples
were tested with RV6 assay (triplicates per dilution). Amplification plots for IAV (A), IBV (B), RSV (C) and SARS-CoV-2 (D) were
shown after ChromaCode Cloud Software based data analysis. Red dotted lines represent cycle threshold lines. Sigmoidal
amplification curves above the cycle threshold lines were considered positive detection results. LOD was defined as the
lowest dilutions with a detection rate 100%.

2.2. Analytical specificity
No cross-reactivity of RV6 HD-PCR assay was found with the following common respiratory or irrelevant
pathogens while sample processing controls were detected as expected.

Fig. 1 The principle of High Definition (HD)-PCR and the work flow of RV6 assay. (A) An HD-PCR assay
employs probe-limited chemistry and ChromaCode calibrators to simultaneously detecting three targets in
a single channel using a binary encoding scheme. By using a series of fluorescence cutoffs, different
levels of fluorescent intensity on a specific channel represent different targets and target combinations.
(B) RV6 HD-PCR assay consists of extraction, RT-PCR, detection, and data analysis with ChromaCode
Cloud Software. (Middle) Four color channels are used: FAM for IAV (M gene and HA gene for H1 and H3
subtypes); CY5 for IBV (NP gene) and sample integrity control (SIC); ROX for RSV (L gene for RSV-A and F
gene for RSV-B); and VIC for SARS-CoV-2 (E and RDRP genes) and sample processing control (SPC).
(Right) End-point fluorescence detection allows for differentiation of single or multiple targets. On VIC or
CY5 channel, SPC or SIC has low end-point fluorescence around or below the cutoff lines, whereas SARSCoV-2 or IBV has high end-point fluorescence above the cutoff lines.

1. Aspergillus fumigatus
2. Fusarium
3. Aspergillus versicolor
4. Aspergillus niger
5. Cryptococcus neoformans
6. Candida dublinesis
7. Candida parapsilosis
8. Candida glabrata
9. Candida krusei
10. Candida tropicalis
11. Sachromyces cerevisiae

12. Haemophilus influenzae
13. Streptococcus group B
14. Streptococcus group A
15. S. pneumoniae
16. P. aeruginosa
17. Bordetella pertussis
18. Bordetella parapertussis
19. Staphylococcus aureus

20. Parainfluenza 1
21. Parainfluenza 2
22. Parainfluenza 3
23. Parainfluenza 4
24. Rhinovirus
25. hMPV
26. HIV

Fig. 2.3 High-concentration spiked-in IAV, IBV or RSV has little impact on detection of low-abundance
SARS-CoV-2 with RV6 assay. Pooled SARS-CoV-2-positive NP specimen were diluted to a concentration
of 2-fold (2xLOD) or 4-fold (4xLOD) higher than LOD (1:107 dilution). The diluted SARS-CoV-2-positive
samples (2xLOD or 4xLOD) were spiked with or without high concentration of IAV, IBV or RSV-positive NP
specimen. PCR-confirmed negative NP specimen and the spiked samples containing dual viruses (SARSCoV-2 and another spiked-in viruses) were tested with RV6 assay (triplicates per dilution). Amplification
plots on four indicated color channels were shown for the diluted SARS-CoV-2-positive samples (2xLOD
or 4xLOD) without (A) or with high-concentration spiked-in IAV (B), IBV (C) and RSV (D). Red dotted lines
represent cutoff lines for sample processing control (SPC) on VIC channel or sample integrity control
(SIC) on CY5 channel. On VIC or CY5 channel, sigmoidal amplification curves below the corresponding
cutoff lines were considered positive SPC or SIC whereas those above the cutoff lines were believed to be
positive for SARS-CoV-2 or IBV. Cycle threshold lines are not shown.

2.4. Evaluation of clinical test performance of the RV6 assay.
Clinical test performance of the RV6 assay was evaluated by testing 77 nasopharyngeal
(NP) specimens previously tested by the TaqPath assay. Discrepant samples were
tested by orthogonal Panther Fusion FluA/B/RSV assay. Among 77 clinical samples, the
RV6 assay detected 2 more single positives for IBV or RSV than the TaqPath assay.
These samples also tested negative by the Panther assay. All 29 TaqPath “Flu” positive
samples were differentiated by the RV6 assay as either IAV (15) or IBV (13), except 1 as
IAV+IBV (TaqPath assay tested as IAV). Negative, positive and overall percent
agreements were 86.7% (13/15), 98.4% (61/62) and 96.1% (74/77), respectively.

3. Conclusions
The RV6 assay demonstrated high analytical sensitivity and specificity in simultaneous
detection/differentiation of IAV, IBV, RSV and SARS-CoV-2 in human clinical specimens
and warrants further clinical validation.
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