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Supplementary Figure 1. Layout of the Molecular Diagnostics testing facility. Diagram of the COVID-
19 testing laboratory indicating the various work stations and locations of major equipment with color-coded 
markings along the floor indicating paths for specifically assigned laboratory personnel. Neutralization room 
(red station): Clinical samples are received, checked for compliance, neutralized, and aliquots separated 
for freezing in this location. Scribe section (black station): Neutralized samples are checked into the system 
and keys are assembled to follow samples throughout the pipeline. RNA extraction (yellow station): 
Technicians process plate samples in dedicated workstations to avoid contamination. Once the procedure 
is completed and samples eluted, plates are sealed and stored at -80°C for RT-qPCR amplification. PCR 
setup (Green station): Reaction mixture for RT-qPCR amplifications are set up in a PCR-clean workstation 
located opposite from where RNA samples were processed and in a dedicated alcove. The assembled 
PCR master mix is loaded into an automated epMotion liquid handler and dispensed in a 384-well plate 
format. Standard curves and sample amplification (blue station): A separate station is allocated to the 
manual loading of the standard curves for the N and RPP30 genes as well as the positive (inactive virus) 
and negative (no template reaction) controls that are added to each plate. Amplification is carried out using 
18 Bio-Rad CFX384 Touch Real-Time PCR detection systems placed in parallel sides of an island, 
connected to power backup systems, and remotely monitored during the run and for data retrieval.  

 

 

 

 

 

 

 

 

 

 

 
 

Supplementary Figure 2. Real time RT-qPCR efficiencies for SARS-CoV-2 viral genes. For N and E, 
n=5; for S, n=4. For each gene, a model fit was performed, and the quality of the model fit was summarized 
using R2. 
 
 

 



 

 

a. 
PCR Master Mix: 

Master mix components Volume per reaction (µl)/well 
RT-PCR enzyme mix (125x) 0.08 
SYBRTM master mix (2x) 5 
4µM Forward Primer 0.5 
4µM Reverse Primer 0.5 
DNase/RNase free water 1.92 
Total 8 

 
+ 2 µl (1:20 dilution) of RNA template, positive control plasmid, mon-template control water.  
Cyclin parameters: 
 

Cycling Stage Step Temperature Time 

Holding 
1 48°C 30:00 
2 95°C 10:00 

Cycling 
3 95°C 00:15 
4 60°C 01:00 

 5 Go to Step 3, 44 more times 
Melt Curve, 

increment 0.5°C 
6 95°C 00:15 

65°C 00:15 
 
b. 
 

Primer 
name 

Forward sequence 
(5’ to 3’) 

Reverse sequence 
(5’ to 3’) 

Target 
gene 

Gene product 

N* GCTGCAATCGTGCTACAACT TGAACTGTTGCGACTACGTG N gene SARS-CoV-2 
nucleocapsid 
protein 

E* TTCGGAAGAGACAGGTACGTT CACACAATCGATGCGCAGTA E gene SARS-CoV-2 
Small envelope 
protein 

S GCTGGTGCTGCAGCTTATTA AGGGTCAAGTGCACAGTCTA 
 

S gene SARS-CoV-2 
Spike surface 
glycoprotein 

CDC_R
NAseP  
(from 
CDC) 
Hs_RPP
30 (this 
paper) 

AGATTTGGACCTGCGAGCG GAGCGGCTGTCTCCACAAGT RPP30 
gene 

Human 
Ribonuclease P 
(RNase P) protein 

 



Supplementary Table 1. Experimental setup. a. Description of the RT-qPCR experimental conditions. b. 
(*) Primers were published by Won et al. (2020) Exp. Neurobiol. April 30; 29(2):107-119. Doi: 
10.5607/en20009 and were based on information deposited in the NCBI site and i) viral sequence access 
number: GenBank: MT039890.1, ii) S gene access number: ACCESSION MT039890 REGION: 
21563..25384, https://www.ncbi.nlm.nih.gov/nuccore/MT039890.1?from=21563&to=25384, iii) E gene 
access number: ACCESSION MT039890 REGION: 26245..26472, 
https://www.ncbi.nlm.nih.gov/nuccore/MT039890.1?from=26245&to=26472, iv) N gene access number: 
MT039890 REGION: 28274..29533, v) 
https://www.ncbi.nlm.nih.gov/nuccore/MT039890.1?from=28274&to=29533. The sequence of the human 
RNA specific primer sets that serve as internal control were retrieved from the bulletin published by the 
Department of Health & Human Services, Centers for Disease Control and Prevention (CDC), Atlanta, GA 
on 24 Ja. 2020 in the “2019-Novel Coronavirus (2019-nCoV) Real-time rRT-PCR Panel Primers and 
Probes” document from the Division of Viral Diseases (https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-
pcr-panel-primer-probes.html). 

  



 

 
N gene S gene E gene RPP30 gene Status Result Action 

NEG NEG NEG NEG Invalid N/A Repeat test. If the 
repeat results 
remain invalid, a 
new sample would 
need to be 
collected. 

NEG NEG NEG POS Valid SARS-CoV-2 
no detected 

Report results. 

Only one SARS-CoV-2 target gene is POS POS Valid SARS-CoV-2 
inconclusive 

Repeat test. If the 
repeat result 
remains 
inconclusive, 
additional 
confirmation testing 
should be 
conducted if 
clinically indicated. 

Two or more SARS-CoV-2 target gene are POS POS Valid SARS-CoV-2 
positive 

Report results. 

 

Supplementary Table 2. Interpretation of results. Summary of possible result outcomes and their 
reporting. NEG: Negative (no amplification), POS: Positive (amplification below the threshold). 

  



 

 

Supplementary Table 3. Validation of the LOD using 300 copies of viral particles per reaction. The 
cut-off value for the SARS-CoV-2 N gene was 37.29, 95% CI: [36.91, 37.67]. Each biological sample (n=20) 
was analyzed in duplicate for the expression of each gene and the “mean” value is listed. 

 

 

  



 

 

 

Supplementary Table 4. Validation of the LOD using 20 copies of viral particles per reaction. The 
cut-off value for the SARS-CoV-2 N gene was 37.7747, 95% CI: [37.04, 38.51]. Each biological sample 
(n=20) was analyzed in duplicate for the expression of each gene and the “mean” value is listed. 

 

 

 

  



 

 

 

Supplementary Table 5. Validation of the LOD using 1.3 copies of viral particles per reaction. The 
cut-off value for the SARS-CoV-2 N gene was 37.29, 95% CI: [36.91, 37.67]. Each biological sample (n=20) 
was analyzed in duplicate for the expression of each gene and the “mean” value is listed. 

 

 

 

  



 

Positive samples 
 

Spiked 
Samples  

N primer  
mean Ct  

S primer  
mean Ct  

E primer  
mean Ct  

Interpretation  

1  34.38  32.6  33.13  Positive  
2  33.585  32.48  33.075  Positive  
3  32.88  32.33  32.745  Positive  
4  32.9  32.705  32.655  Positive  
5  32.86  32.675  32.21  Positive  
6  32.535  32.43  32.83  Positive  
7  32.905  32.675  32.56  Positive  
8  32.93  32.28  32.66  Positive  
9  33.845  32.64  32.935  Positive  
10  33.225  33.08  32.87  Positive  
11  33.025  32.82  32.64  Positive  
12  32.535  32.43  32.325  Positive  
13  32.735  33.13  32.63  Positive  
14  33.025  32.51  32.945  Positive  
15  32.905  32.625  32.875  Positive  
16  33.04  32.29  32.52  Positive  
17  34.08  32.94  32.67  Positive  
18  33.23  33.05  32.51  Positive  
19  33.02  33.09  32.705  Positive  
20  32.74  32.97  32.685  Positive  
21  32.67  32.795  32.91  Positive  
22  32.92  32.63  33.05  Positive  
23  33.055  32.57  33.07  Positive  
24  33.195  32.44  32.185  Positive  
25  34.16  32.86  32.56  Positive  
26  34.315  33.255  33.115  Positive  
27  33.86  33.035  33.085  Positive  
Mean CT  33.21  32.72  32.75  
S.D.  0.54  0.28  0.27  

 
Swab 
Samples  

N primer  
mean Ct  

S primer  
mean Ct  

E primer  
mean Ct  

Interpretation  

28  20.96  21.72  21.42  Positive  
29  22.695  23.52  23.37  Positive  
30  34.665  32.5  32.845  Positive  
31  24.82  24.85  24.925  Positive  
32  24.25  25.37  24.405  Positive  
33  23.79  24.445  24.85  Positive  
Mean CT  25.20  25.40  25.30  
S.D.  4.84  3.71  3.92  

 
(cont.) 
 
Negative samples 
 

Swab 
Samples  

N primer  
mean Ct  

S primer  
mean Ct  

E primer  
mean Ct  

Interpretation  

1  undetermined  undetermined  undetermined  Negative  



2  43.08  43.3  38.77  Negative  
3  42.12  43.37  44.78  Negative  
4  undetermined  undetermined  40.165  Negative  
5  undetermined  undetermined  undetermined  Negative  
6  undetermined  41.57  40.76  Negative  
7  undetermined  36.785  undetermined  Negative  
8  undetermined  37.395  undetermined  Negative  
9  39.36  41.41  undetermined  Negative  
10  undetermined  40.015  44.69  Negative  
11  undetermined  undetermined  undetermined  Negative  
12  undetermined  undetermined  undetermined  Negative  
13  undetermined  undetermined  undetermined  Negative  
14  undetermined  undetermined  undetermined  Negative  
15  undetermined  undetermined  41.93  Negative  
16  undetermined  38.61  43.54  Negative  
17  undetermined  undetermined  undetermined  Negative  
18  undetermined  undetermined  undetermined  Negative  
19  undetermined  undetermined  undetermined  Negative  
20  undetermined  undetermined  undetermined  Negative  
21  undetermined  undetermined  undetermined  Negative  
22  undetermined  undetermined  undetermined  Negative  
23  undetermined  undetermined  undetermined  Negative 
24  undetermined  undetermined  undetermined  Negative  
25  undetermined  undetermined  undetermined  Negative  
26  undetermined  undetermined  undetermined  Negative  
27  undetermined  undetermined  undetermined  Negative  
28  37.56  undetermined  undetermined  Negative  
29  38.85  undetermined  undetermined  Negative  
30  undetermined  38.65  undetermined  Negative  
31  undetermined  40.79  undetermined  Negative  
32  undetermined  undetermined  undetermined  Negative  
33  undetermined  undetermined  undetermined  Negative  

 
 
Supplementary Table 6. Analyses of contrived samples. Previously reported negative samples were 
contrived with either inactive SARS-CoV-2 or BCoVs virus (33 samples each) at concentrations of more 
than two-times the LOD as determined in Table I. Following, RNA was purified from all samples and 
amplified using primers to detect N, E, and S genes. Cut-off: Ct: 36.25, 95%CI [35.60, 36.90]. Each 
biological sample (n=33 positive and n=33 negative) was analyzed in duplicate for the expression of each 
gene and the “mean” value is listed. 

 

 

 

  



 

 

 
 

(cont.) 

 

 



 
 

Supplementary Table 7. Analyses of participant samples. Samples from participants were separated in 
two aliquots. One aliquot was analyzed using our test and its duplicate was submitted for confirmation to 
the Virginia Division of Consolidated Lab Services (DCLS) in Virginia. For each sample, CtN, CtE, CtS, and 
CtRPP30 indicate Ct values when obtained using our test. CDC N1 and N2 indicate Ct values obtained by 
DCLS. Under “Agreement”, “Yes” indicates consensus between our test and the DCLS result. Each 
biological sample (n=81) was analyzed in duplicate for the expression of each gene and the “mean” value 
is listed. 

 

 

 

  



 

a. 

 Pooled Result 
- + 

Individual 
Result 

- 20 0 
+ 0 21 

 
b. 

 
 

Gene Slope Lower 95% CI Upper 95% CI 

N 0.94 0.86 1.11 

E 0.96 0.83 1.10 

S 0.98 0.84 1.17 

 

Supplementary Table 8. Impact of pooling on individually tested samples. a. Two-by-two report of 
positive percent agreement (PPA) and negative percent agreement (NPA). b. Passing-Bablok regression 
analysis for the N, E, and S genes.  

  



 

 
 

Supplementary Table 9. Summary of demographic and clinical data from three health districts in 
Virginia. MRHD: Mt. Rogers Health District, NRVHD: New River Valley Health District, FHD: Fairfax Health 
District. Data was obtained from * https://datausa.io/ , ** U.S. Department of Health and Human Services 
(https://healthdata.gov/dataset/covid-19-reported-patient-impact-and-hospital-capacity-facility) and 
https://www.vdh.virginia.gov/ , *** population in health district divided by the number of ICU beds. 

 

 


