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Abstract 16 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was first identified in December 17 

2019 and has quickly become a worldwide pandemic. In response, many diagnostic manufacturers have 18 

developed molecular assays for SARS-CoV-2 under the Food and Drug Administration (FDA) Emergency 19 

Use Authorization (EUA) pathway. This study compared three of these assays: the Hologic Panther Fusion 20 

SARS-CoV-2 assay (Fusion), the Hologic Aptima SARS-CoV-2 assay (Aptima) and the BioFire Diagnostics 21 

COVID-19 test (BioFire), to determine analytical and clinical performance, as well as workflow. All three 22 

assays showed a similar limit of detection (LOD) using inactivated virus, with 100% detection ranging from 23 

500-1,000 genome equivalents/ml, whereas use of a quantified RNA transcript standard showed the same 24 

trend, but had values ranging from 62.5 to 125 copies/ml, confirming variability in absolute quantification 25 

of reference standards.  The clinical correlation found that the Fusion and BioFire assays had a positive 26 

percent agreement (PPA) of 98.7%, followed by the Aptima assay at 94.7% when compared to the 27 

consensus result. All three assays exhibited 100% negative percent agreement (NPA). Analysis of 28 

discordant results revealed that all four samples missed by the Aptima assay had Ct values >37 on the 29 

Fusion assay. 30 

In conclusion, while all three assays showed similar relative LODs, we showed differences in 31 

absolute LODs depending on which standard was employed. In addition, the Fusion and BioFire assays 32 

showed better clinical performance, while the Aptima assay showed a modest decrease in overall PPA. 33 

These findings should be kept in mind when making platform testing decisions.  34 

 35 
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Introduction: 37 

The novel coronavirus was first detected in the United States in Washington State on January 20, 38 

2020 (1), and by March 13, 2020, the World Health Organization (WHO) characterized the severe acute 39 

respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak as a worldwide pandemic (2). Since then SARS-40 

CoV-2 has rapidly spread across the country. At the time of this report, the number of cases in the U.S. 41 

has almost reached 1.4 million, and the number of deaths has exceeded 84,000 according to the Johns 42 

Hopkins University database (3). Certain regions and cities have much higher prevalence than others, 43 

especially the New York metropolitan area that our laboratories serve. New York City alone accounts for 44 

approximately 14% of the cases in the United States (3).   45 

SARS-CoV-2 is the etiologic agent of coronavirus disease 2019 (COVID-19), for which symptoms 46 

can vary from mild (e.g., fever, fatigue, dry cough) to severe illness (e.g., dyspnea, persistent pain or 47 

pressure in the chest, hypoxia, confusion), and can ultimately lead to death, particularly for those ≥65 48 

years of age and those with certain underlying medical conditions such as heart disease, lung disease, or 49 

diabetes (4). Even more challenging, some are infected with the virus but do not display any signs or 50 

symptoms of illness, which likely has contributed to the high rate of transmission (R0 = 2.0-2.5) among 51 

humans (5).  52 

Accurate and sensitive viral detection methods are key to quickly diagnose infections and mitigate 53 

transmission. Nucleic acid amplification tests (NAATs) are highly sensitive and specific methods for the 54 

detection of SARS-CoV-2 RNA in respiratory specimens. The majority of the SARS-CoV-2 NAAT tests 55 

available today are based on real time reverse transcription polymerase chain reaction (RT-PCR) methods, 56 

including the BioFire Diagnostics COVID-19 test (BioFire) and the Hologic Panther Fusion SARS-CoV-2 assay 57 

(Fusion) evaluated in the present study. Clinical comparative data have been obtained for the Fusion assay 58 

(6, 7, 8, 9), but to our knowledge there have been no comparative studies of the BioFire assay. Recently, 59 

Hologic has developed a second NAAT, the Aptima SARS-CoV-2 assay (Aptima), which has been submitted 60 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 15, 2020. ; https://doi.org/10.1101/2020.05.14.097311doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.14.097311


 

4 
 

to the Food and Drug Administration (FDA) for Emergency Use Authorization (EUA); this NAAT is based on 61 

target capture and transcription-mediated amplification (TMA) technologies and is run on the Panther 62 

instrument. Like the BioFire assay, comparative evaluations have yet to be performed for this new 63 

molecular assay.  64 

An increase in testing capability is critically needed to manage the current testing demands, and 65 

to monitor and control the spread of the virus going forward. While the FDA has worked quickly to review 66 

and authorize more molecular diagnostic platforms to make more options available to meet demand, real 67 

world clinical performance and comparative data are still lacking. These data are urgently needed to 68 

better understand the benefits and limitations of each test, and how best to incorporate them into local 69 

and national testing strategies.  70 

Here we present an analytical and clinical evaluation of these three sample-to-answer NAATs for 71 

the qualitative detection of SARS-CoV-2 RNA in symptomatic patients: Fusion, Panther, and BioFire.  72 
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Materials and Methods 73 

Specimen collection and storage. Nasopharyngeal (NP) swabs were obtained from patients with clinical 74 

signs/symptoms of COVID-19. Each collection used a sterile swab made from Dacron, rayon or nylon which 75 

was placed into sterile 3 ml universal transport medium (UTM- various manufacturers) after collection. 76 

Samples were then transported at room temperature and were stored at 2-8⁰C for up to 72 hours and 77 

tested as soon as possible after collection. For the retrospective sample set, after routine patient testing, 78 

aliquots of samples were taken and stored at -80⁰C until testing of the three comparator NAATs could 79 

occur.  80 

 81 

Study design  82 

Samples were selected from specimens received for routine SARS-CoV-2 testing between April and May 83 

of 2020. The selection included symptomatic patients of all genders and ages. A total of 150 84 

nasopharyngeal (NP) samples (75 negative and 75 positive) were used for this study: 101 retrospective 85 

specimens (51 negative, 50 positive) and 49 prospective, fresh specimens (24 negative, 25 positive). 86 

Specimens were selected to represent our laboratory’s positivity rate at the time this study was designed 87 

(50 - 60% at beginning of April 2020) and also included positive specimens spanning the range of positivity, 88 

including those with low viral loads (characterized by high cycle threshold (Ct) values obtained by results 89 

from initial clinical testing). The 101 retrospective specimens were initially tested per routine patient care 90 

and then immediately aliquoted and frozen at -80⁰C, remaining frozen until this study was performed. 91 

Retrospective sample aliquots were thawed and immediately tested on the Fusion, Aptima, and BioFire 92 

systems. Testing for prospective samples was performed within 48 hours of collection. Prospective 93 

samples were run on the Fusion, Aptima and BioFire using the original UTM sample and aliquoted directly 94 

into Hologic Lysis tubes and into BioFire Sample Injection Vial. This work was conducted as a quality 95 

improvement activity in order to complete assay validation for the Aptima and BioFire assays. 96 
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 97 

Hologic Panther Fusion® SARS-CoV-2 assay (Fusion). The Fusion assay (Hologic, Inc., San Diego, CA) was 98 

performed on the Panther Fusion instrument according to the manufacturer's instructions for use. This 99 

assay targets two unique regions of the ORF1ab section of the SARS-CoV-2 viral genome. A 500 µL aliquot 100 

of the primary NP swab specimen is transferred into a Specimen Lysis Tube containing 710 µL lysis buffer 101 

and is then loaded onto the Panther Fusion instrument. From this tube, the instrument removes 360 µl 102 

for extraction. Each specimen is processed with an internal control (IC), which is added via the working 103 

Panther Fusion Capture Reagent-S. Nucleic acid is purified using capture oligonucleotides and a magnetic 104 

field, eluted in 50 µl, and 5 µl of the eluted nucleic acid is added to a Panther Fusion reaction tube. The 105 

Fusion assay amplifies and detects two conserved regions of the ORF1ab section of the SARS-CoV-2 viral 106 

genome. Both amplicons are detected by probes using the same fluorescent reporter, with amplification 107 

of either or both regions contributing to a single fluorescent signal and single Ct value. Reporting of a 108 

positive specimen requires only one of the two targets to be detected (ORF1ab region 1 or ORF1ab region 109 

2).  110 

 111 

Hologic Aptima SARS-CoV-2 assay (Aptima).  The Aptima assay (Hologic, Inc., San Diego, CA) is a NAAT 112 

that uses target capture and transcription-mediated amplification (TMA) technologies for the isolation 113 

and amplification of SARS-CoV-2 RNA. This assay targets two unique regions of the ORF1ab section of the 114 

SARS-CoV-2 viral genome and is performed on the Panther instrument. All testing was performed 115 

according to the manufacturer’s instructions and is briefly described. A 500 µL aliquot of the primary NP 116 

swab specimen is transferred into a Specimen Lysis Tube containing 710 µL lysis buffer and this tube is 117 

then loaded on to the Panther instrument. From the Specimen Lysis Tube, 360 µl is taken for each reaction. 118 

Each specimen is processed with an IC, which is added via the working Target Capture Reagent. Nucleic 119 

acid is purified using capture oligonucleotides and a magnetic field, and the purified nucleic acid used as 120 
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template for the TMA reaction. After amplification, chemiluminescent probes hybridize to amplicons and 121 

emit light measured by a luminometer in relative light units (RLUs). The IC signal and SARS-CoV-2-specific 122 

signal are differentiated by kinetic profiles of the labeled probes (rapid vs slow). Assay results are 123 

determined by a cut-off based on the total RLU and the kinetic curve type.  124 

 125 

BioFire COVID-19 Test (BioFire). The BioFire COVID-19 Test (Salt Lake City, UT) was performed on the 126 

BioFire FilmArray 12 Bay Torch System as per the manufacturer’s instructions. This assay targets two 127 

unique regions of the ORF1ab section and one unique region of the ORF8 section of the SARS-CoV-2 viral 128 

genome. The test pouch (1 per sample to be tested) is prepared by injecting Hydration Solution into the 129 

pouch hydration port. Approximately 300 µl of sample is added with a provided transfer pipette to the 130 

Sample Injection Vial, followed by the addition of a single-use Sample Buffer Tube to the Sample Injection 131 

Vial and inverted to mix. The sample mix is injected into the pouch sample port. Within the pouch, the 132 

sample is lysed by agitation (bead beating), and all nucleic acid is extracted and purified using magnetic 133 

bead technology. Nested multiplex PCR is performed and endpoint melting curve data is used to detect 134 

and generate a result for each target assay on the BioFire COVID-19 Test.  135 

 136 

Analytical Sensitivity. Limit of detection (LOD) was performed using quantified inactivated (gamma-137 

irradiated) SARS-CoV-2 material from Isolate USA-WA1/2020  (NR-52287, BEI Resources, Manassas, VA) 138 

and SARS-CoV-2 synthetic RNA quantified control containing five gene targets (E, N, ORF1ab, RdRP and S 139 

Genes of SARS-CoV-2) from Exact Diagnostics (SKU COV019, Fort Worth, TX). The BEI material was 140 

provided at 4.1 x 10^9 genome equivalents (GE)/ml (2.8 x 10^5 TCID50/ml pre-inactivation of virus) 141 

concentration, from which the following serial dilutions were prepared (in GE/ml): 1,000, 500, 250, 125, 142 

62.5, 31.3. Dilutions were prepared using Ambion® RNA Storage Solution (Catalog No. AM7001, 143 

ThermoFisher Scientific) to limit the potential of degradation of the RNA, and aliquoted (with replicates 144 
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ranging from 5-10, as shown in Table 1) for testing across the different platforms. The same process was 145 

followed for the Exact Diagnostics control, which had starting concentration of 200,000 copies/ml and 146 

was diluted to make the same concentration of serial dilutions as those performed for the BEI material. 147 

LOD was defined as the lowest dilution at which all replicates were positive (100% detection rate).   148 

 149 

Workflow Evaluation. Workflow was evaluated using a calibrated timer to measure the time needed for 150 

each step being evaluated, including hands-on time (HoT), assay run time and total turnaround time (TAT). 151 

HoT, assay run time, and TAT were calculated using the throughput of samples per run.   152 

 153 

Statistical methods. The consensus result was based on the majority results of the 3 NAATs (Fusion, 154 

Aptima, BioFire) and was defined as follows: consensus positive = positive result in ≥2 of 3 NAATs; 155 

consensus negative = negative result in ≥2 of 3 NAATs. The final result of each NAAT was based on each 156 

manufacturer’s results interpretation algorithm. Percent positive agreement (PPA), percent negative 157 

agreement (NPA), positivity rate, Kappa, and two-sided (upper/lower) 95% confidence interval (CI) were 158 

calculated using Microsoft® Office Excel 365 MSO software (Microsoft, Redmond, WA). As a measure of 159 

overall agreement, Cohen's kappa values (κ) were calculated, with values categorized as follows: >0.90 = 160 

almost-perfect, 0.90 to 0.80 = strong, 0.79 to 0.60 = moderate, 0.59 to 0.40 = weak, 0.39 to 0.21 = minimal, 161 

0.20 to 0 = none (10, 11).   162 
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Results 163 

 164 

Analytical Sensitivity.  165 

 Both quantified inactivated SARS-CoV-2 virus (BEI Resources) and Exact Diagnostics SARS-CoV-2 166 

synthetic RNA quantified control were used to prepare serial dilution panels (1,000 to 31.3 [GE or 167 

copies]/ml, in 2-fold dilutions) to determine the LOD of each assay. The LOD was defined as the lowest 168 

dilution in which all replicates were detected (100% positivity rate), using the results interpretation 169 

algorithm per the instructions for use for each assay. Using these criteria, the LOD using inactivated SARS-170 

CoV-2 virus was 1,000 GE/ml for the Fusion assay, 500 GE/ml for the Aptima assay, and 500 GE/ml for the 171 

BioFire test (Table 1). In addition, the LOD as determined using the Exact Diagnostics synthetic RNA 172 

transcript was 62.5 copies/ml for both the Fusion and Aptima and 125 copies/ml for the BioFire.  173 

 174 

Clinical performance. 175 

 After testing of the 150 clinical specimens on all 3 platforms, consensus results were determined 176 

for each sample (consensus positive = positive result in ≥2 of 3 NAATs; consensus negative = negative 177 

result in ≥2 of 3 NAATs) and results from each NAAT were compared to the consensus result. The Fusion 178 

and BioFire tests exhibited the highest positive percent agreement (PPA) of 98.7%, while the Aptima assay 179 

had a PPA of 94.7% (Table 2). NPAs were 100% for all three NAATs, with no false positive results for any 180 

platform. Cohen’s kappa values were 0.987, 0.947, and 0.987 for the Fusion, Aptima and BioFire tests, 181 

respectively, all of which indicate an “almost perfect” level of agreement with the consensus result.  182 

Initial equivocal or invalid results occurred for 3 samples out of the sample set: 2 equivocal results 183 

for the BioFire test and 1 invalid result for the Fusion assay. The initial BioFire results for the 2 samples 184 

were one of three targets detected (one of the ORF1ab targets); repeat testing gave the same result for 185 

both samples, for an overall interpretation of “detected” as per the manufacturer. The initial Fusion 186 
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invalid result repeated as invalid and this sample was removed from the overall agreement analysis for 187 

the Fusion assay; as this sample was negative by both Aptima and BioFire giving a consensus negative 188 

result, this sample was kept in the overall agreement analyses for Aptima and BioFire.  189 

There were no discordant results among the prospective, fresh sample set; all of the discordant 190 

samples occurred among the retrospective sample set. Of the three NAATs evaluated, the Aptima assay 191 

had the most discordant results with the consensus (n=4), followed by the Fusion and BioFire tests each 192 

with one discordant result. Discordant sample results are shown in Table 3. The four discordant samples 193 

for Aptima had Fusion Ct values ≥37.3, indicating lower viral titers in these samples. The discordant BioFire 194 

sample had a Fusion Ct value of 35.7. For the 5 Fusion/Aptima discordant samples, the BioFire COVID-19 195 

Test detected only 2 of 3 targets in each sample (GSD-3, GSD-6, GSD-23) or detected 1 of 3 targets in each 196 

sample twice for an overall result of detected (GSD-4, GSD-48) (Table 3).  197 

 198 

Workflow.  199 

Workflow parameters along with basic assay characteristics are presented in Table 4. Maximum 200 

sample throughput in 8 hour and 24 hour time periods were considerably higher on the Fusion and Aptima 201 

platforms (Panther Fusion: 335/8 hours and 1150/24 hours; Panther Aptima: 275/8 hour and 1020/24 202 

hours), while throughput for BioFire was 72/ 8 hour and 216/ 24 hours.  Hands on time (HoT) per specimen 203 

for the both Fusion and Aptima assays are 1 minute, where the BioFire HoT is 3 minutes per specimen. 204 

Sample preparation for the Fusion and Aptima assays consist of aliquoting 500 µL of sample into a lysis 205 

tube. Sample preparation for the BioFire consists of five steps including pouch hydration, sample and 206 

buffer mixing, addition of sample/buffer to the pouch, and loading onto the instrument. These additional 207 

step for BioFire account for the increased HoT per specimen as seen in Table 4.  208 
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Discussion  209 

The present study compared the analytical sensitivity (LOD), clinical performance, and workflow 210 

of three SARS-CoV-2 NAATs in 150 NP swab specimens. Our two independent LOD analyses revealed that 211 

while all 3 assays had an LOD that was within 1 dilution factor of each other within a given control material, 212 

absolute LODs with quantified inactivated virus (500- 1,000 GE/ml)  were several-fold higher than the 213 

value obtained when using quantified synthetic RNA (62.5- 125 copies/ml). This difference in absolute 214 

LOD values reflects the inherent difficulty in comparing standards that have been prepared and 215 

quantitated differently and have very high stock concentrations requiring significant dilutions for LOD 216 

panel testing (i.e., any quantification error and/or pipetting error of the stock will be magnified in a 217 

dilution series).  Of interest, the LOD calculations for BioFire using the synthetic RNA standard only showed 218 

amplification in two of three gene targets, since ORF1ab is included in the Exact diagnostics control, but 219 

ORF 8 is not included.  Considering this discrepancy, the decreased LOD relative to the Fusion and Aptima 220 

when using the quantified synthetic RNA is likely due to the lack of ORF 8 target material. Our clinical 221 

correlation showed that the Fusion and Biofire had similar PPA (98.7%), while the Aptima showed a slight 222 

decrease at 94.7% PPA due to 4 false negative results among samples in the frozen retrospective set. 223 

Cohen’s kappa values showed almost perfect agreement (range: 0.947 – 0.987) between each assay and 224 

the consensus result. NPAs were 100% for all NAATs, suggesting each of these assays has high specificity.  225 

All discordant results were false negatives as compared to the consensus result, with Fusion and 226 

BioFire each demonstrating one missed positive and Aptima demonstrating four missed positives. A closer 227 

analysis of discordant results showed that the sample missed by the Fusion (GSD-23) only had two gene 228 

targets detected by BioFire (2a/2e) and the sample missed by the BioFire (GSD-7) had a Ct value of 35.7 229 

on the Fusion. All four samples missed by the Aptima (GSD-3, 4, 6, and 48) had Ct values ranging from 230 

37.3- 40.5, suggesting that the Aptima assay is slightly less sensitive than the Fusion and Biofire assays. Of 231 

note, two of the specimens missed by the Aptima (GSD-4 and 48) were also each equivocal twice by BioFire 232 
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and resulted as positive as per the EUA IFU, suggesting that these were also weak positives on the BioFire 233 

assay.  234 

Workflow comparisons between the Fusion and the Aptima were quite similar, both being optimal 235 

in high-volume testing situations (> 1,000 tests/24 hours), whereas the BioFire assay had an advantage of 236 

fast sample to answer time, allowing for faster detection and diagnosis that is useful in urgent situations. 237 

Other comparator studies of the Fusion assay have recently been reported, including: a study 238 

comparing Fusion to the modified CDC assay, GenMark ePlex, DiaSorin Simplexa (6); a study comparing 239 

Cepheid, ID NOW, and GenMark using Fusion as the reference standard (7); a study comparing Fusion, 240 

Cepheid, DiaSorin, cobas, and a laboratory-developed test (LDT) (8); and a study comparing Fusion to an 241 

in-house LDT targeting the envelope gene (9). In general, these reports show that the Fusion SARS-CoV-2 242 

assay is comparable, if not superior, to other molecular platforms available for SARS-CoV-2 testing. In 243 

particular, these evaluations showed that Fusion, DiaSorin and Cepheid tended to have better analytical 244 

sensitivity and fewer false negatives in clinical testing than other assays. The low rate of false negatives is 245 

a critical performance aspect, as missed positive results allow for further spread of the disease and 246 

potential patient mismanagement. These comparison studies, while not clinical trials as would be typical 247 

of new FDA-cleared IVD assays, have provided a window into the relative real world clinical performance 248 

characteristics of these assays, which has been a significant knowledge gap since these SARS-CoV-2 EUA 249 

molecular assays first became available.  Among these knowledge gaps are relative performance data for 250 

the Aptima and BioFire tests. To our knowledge, this is the first report comparing both the Aptima and 251 

BioFire assay to any other NAAT for SARS-CoV-2 detection.   252 

It is worth noting that the LOD for the Fusion SARS-CoV-2 assay as determined in this study was 253 

1,000 GE/ml when using inactivated virus, while the LOD determined in a previous study by our laboratory 254 

was 83 ±36 copies/ml (6) and an additional LOD study performed as part of this study once again using 255 

the same synthetic quantified RNA standard also previously published showed a comparable LOD of 62.5 256 
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copies/ml. This is an important additional new set of data that exhibits the difficulty of comparing absolute 257 

LOD values when using different standards, specifically inactivated virus vs. synthetic RNA standards.   258 

This study does have limitations, being a single site study with a limited number of NP swab 259 

specimens (n = 150) included in the clinical evaluation. However, this specimen set was selected to be 260 

representative of our patient population (including samples from patients of all ages and both genders) 261 

and positivity rate (50-60% in the beginning of April 2020), and included samples with a range of viral 262 

loads (low, moderate, high). Some initial equivocal or invalid results (n=3) by BioFire and Fusion required 263 

retesting, but only 1 remained unresolved on retest and was removed from the agreement analysis for 264 

the Fusion assay.  265 

In conclusion, our data show that the Fusion, Aptima and BioFire SARS-CoV-2 NAATs exhibit 266 

similar LODs, even when tested using two different quantified standards. In addition, the Fusion and 267 

BioFire assays have comparable clinical performance for detection of SARS-CoV-2 in NP swabs, with a PPA 268 

of 98.7%, while the Aptima assay showed a slight reduction at 94.7% PPA. All 3 assays demonstrated 100% 269 

NPA, suggesting high specificity. These performance characteristics, as well as testing volume and 270 

workflow requirements, should be considered when making testing platform decisions.   271 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 15, 2020. ; https://doi.org/10.1101/2020.05.14.097311doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.14.097311


 

14 
 

Acknowledgements and Disclosures 272 

Gregory Berry has previously given education seminars for Hologic, Inc. and BioFire Diagnostics and has 273 

received Honorariums.   274 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 15, 2020. ; https://doi.org/10.1101/2020.05.14.097311doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.14.097311


 

15 
 

References 275 

1. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, Spitters C, Ericson K, Wilkerson 276 

S, Tural A, Diaz G, Cohn A, Fox L, Patel A, Gerber SI, Kim L, Tong S, Lu X, Lindstrom S, Pallansch 277 

MA, Weldon WC, Biggs HM, Uyeki TM, Pillai SK, Washington State 2019-nCoV Case Investigation 278 

Team. 2020. First Case of 2019 Novel Coronavirus in the United States. N Engl J Med. 279 

382(10):929–936. https://doi.org/10.1056/NEJMoa2001191 280 

2. Centers for Disease Control and Prevention. Coronavirus Disease 2019-(COVID-19) Situation 281 

Summary. Updated April 19, 2020. Centers for Disease Control and Prevention Web site 282 

https://www.cdc.gov/coronavirus/2019-ncov/summary.html.  Accessed May 13, 2020.  283 

3. Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineering at Johns 284 

Hopkins University. 285 

https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd402994234286 

67b48e9ecf6 (accessed May 13, 2020). 287 

4. Centers for Disease Control and Prevention. Coronavirus Disease 2019-(COVID-19) People Who 288 

Are at Higher Risk for Severe Illness. Updated April 15, 2020. Centers for Disease Control and 289 

Prevention Web site https://www.cdc.gov/coronavirus/2019-ncov/need-extra-290 

precautions/people-at-higher-risk.html. Accessed May 13, 2020.  291 

5. Report of the WHO-China Joint Mission on Coronavirus Disease. 292 

https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-293 

final-report.pdf. (Accessed May 13, 2020). 294 

6. Zhen W, Manji R, Smith E, Berry GJ. Comparison of Four Molecular In Vitro Diagnostic Assays for 295 

the Detection of SARS-CoV-2 in Nasopharyngeal Specimens. JCM online 27 Apr 2020; DOI: 296 

10.1128/JCM.00743-20.  297 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 15, 2020. ; https://doi.org/10.1101/2020.05.14.097311doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.14.097311


 

16 
 

7. Zhen W, Smith E, Manji R, Schron D, Berry GJ. Clinical Evaluation of Three Sample-To-Answer 298 

Platforms for the Detection of SARS-CoV-2. JCM online 24 Apr 2020; DOI: 10.1128/JCM.00783-299 

20.  300 

8. Lieberman JA, Pepper G, Naccache SN, Huang M, Jerome KR, Greninger AL. Comparison of 301 

Commercially Available and Laboratory Developed Assays for in vitro Detection of SARS-CoV-2 in 302 

Clinical Laboratories. JCM online 29 Apr 2020; DOI: 10.1128/JCM.00821-20.  303 

9. Hogan CA, Sahoo MK, Huang C, Garamani N, Stevens B, Zehnder J, Pinksy B. Comparison of the 304 

Panther Fusion and a laboratory-developed test targeting the envelope gene for detection of 305 

SARS-CoV-2 [published online ahead of print, 2020 Apr 24]. J Clin Virol. 2020;127:104383. 306 

doi:10.1016/j.jcv.2020.104383.   307 

10. Landis JR, Koch GG. 1977. The measurement of observer agreement for categorical data. 308 

Biometrics. 33(1):159–174. 309 

11. McHugh ML. Interrater reliability: the kappa statistic. 2012. Biochem Med (Zagreb). 22(3):276–310 

282.   311 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 15, 2020. ; https://doi.org/10.1101/2020.05.14.097311doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.14.097311


 

17 
 

Table 1. Summary of Limit of Detection results. 312 

  Positivity Rate (%) a  Final LOD 

     

BEI Resources 
Quantified 

inactivated virus 

 dilution (GE/ml)   

 1,000 500 250 125 62.5 31.3   

Fusion 
SARS-CoV-2 

5/5  
(100%) 

9/10  
(90%) 

9/10  
(90%) 

7/10  
(70%) 

5/10  
(50%) 

0/10  
(0%) 

 1,000 GE/ml 

         

Aptima 
SARS-CoV-2 

5/5  
(100%) 

10/10 
(100%) 

5/10  
(50%) 

5/10  
(50%) 

1/10  
(10%) 

0/10  
(0%) 

 500 GE/ml 

         

BioFire b 
COVID-19 

5/5  
(100%) 

10/10 
(100%) 

9/10  
(90%) 

7/10  
(70%) 

5/10  
(50%) 

0/10  
(0%) 

 500 GE/ml 

          

Exact Diagnostics 
Quantified 

synthetic RNA 

 dilution (copies/ml)   

 1,000 500 250 125 62.5 31.3   

Fusion 
SARS-CoV-2 

5/5  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

8/10  
(80%) 

 62.5 copies/ml 

         

Aptima 
SARS-CoV-2 

5/5  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

8/10  
(80%) 

 62.5 copies/ml 

         

BioFirec 
COVID-19 

5/5  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

10/10  
(100%) 

8/10  
(80%) 

4/5  
(80%) 

 125 copies/ml 

GE, genomic equivalents; LOD, limit of detection 313 

a. The LOD by positivity rate for each NAAT is highlighted in bold.  314 

b. Numbers of replicates at each dilution that gave initial equivocal results and required repeat testing: 0 315 

(1,000 GE/ml), 1 (500 GE/ml), 1 (250 GE/ml), 5 (125 GE/ml), 2 (62.5 GE/ml), 0 (31.3 GE/ml).  316 

c. Numbers of replicates at each dilution that gave initial equivocal results and required repeat testing: 0 317 

(1,000 copies/ml, 500 copies /ml and 250 copies /ml), 2 (125 copies /ml), 6 (62.5 copies /ml), 4 (31.3 318 

copies/ml).  319 
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Table 2. Clinical performance comparison of three SARS-CoV-2 NAATs in NP swab specimens (n = 150). 320 

 321 

a. ±, upper/lower 95% 322 

b. CI, confidence interval 323 

c. One sample gave an invalid result and was excluded from the Fusion agreement analysis.   324 

Consensus  
Result 

 
(± 95% CI) ab 

Molecular Assay Positive Negative  Kappa (κ) 

 

PPA 

 

NPA 

Fusion SARS-CoV-2c   

 
0.987 

(0.96 – 1.00) 
98.7% 

(0.928 – 0.998) 
100% 

(0.951 – 1) Positive 74 0 

Negative 1 74 

Aptima SARS-CoV-2    

 
0.947 

(0.895 – 0.998) 
 

94.7% 
(0.871 – 0.979) 

 
100% 

(0.951 – 1) Positive 71 0 

Negative 4 75 

BioFire COVID-19    

 
0.987 

(0.961 – 1.00) 
 

98.7% 
(0.928 – 0.998) 

 
100% 

(0.951 – 1) Positive 74 0 

Negative 1 75 
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Table 3.  Details of discordant samples. 325 

    Individual SARS-CoV-2 NAAT resultsa 

SAMPLE 
ID 

Consensus 
Result 

Fusion SARS-CoV-2 
(Ct value) 

Aptima SARS-CoV-2 BioFire COVID-19 

GSD-3 positive positive (38.1) NEGATIVE detected (2d/2e) 

GSD-4 positive positive (38.1) NEGATIVE 
equivocal (2a) twice, 

overall detected 

GSD-6 positive positive (40.5) NEGATIVE detected (2a/2e) 

GSD-7 positive positive (35.7) positive NOT DETECTED 

GSD-23 positive NEGATIVE (N/A) positive detected (2a/2e) 

GSD-48 positive positive (37.3) NEGATIVE 
equivocal (2a) twice, 

overall detected 

a Discordant sample results are highlighted in bold  326 
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Table 4. Basic assay characteristics and workflow parameters of three EUA SARS-CoV-2 NAATs  327 

 

Hologic Panther Fusion 
SARS-CoV-2 Assay 

Hologic Aptima 
SARS-CoV-2 Assay 

BioFire 
COVID-19 Test 

Detection platform/System Panther Fusion Panther or Panther Fusion 
BioFire FilmArray Torch 
System—12 bay tower 

Sample typea NP, OPS, LRT, NS 
NP, OPS,  

NS, nasal wash/aspirate 
NP 

Sample volume required (µL) 500 µl (250 µl for LRT) 500 µl 300 µl 

Target region of SARS-CoV-2 two regions of ORF1ab two regions of ORF1ab 
two regions of ORF1ab 

and ORF8 

Analytical sensitivity per claim 0.01 TCID50/ml 0.01 TCID50/ml 
0.022 TCID50/ml 

(330 genomic copies /ml) 

Observed analytical sensitivity - 
Inactivated Virus 

1000 genomic copies/ ml 500 genomic copies/ ml 500 genomic copies/ ml 

Observed analytical sensitivity - 
RNA Transcript 

62.5 copies/ ml 62.5 copies/ ml 125 copies/ ml 

High throughput processing Yes Yes No 

Throughput-  Samples per run  
120  

with continuous loading 

120  
with continuous loading 

12 

Hands on Time/ sample 1 minute 1 minute 3 minutes 

Hands on Time/Run 2 hours / 120 samples 2 hours / 120 samples 36 minutes / 12 samples 

Assay Processing Time/ Run 
4 hours 35 minutes /  

120 samples 
5 hours 30 minutes /  

120 samples 
45 minutes / 12 samples 

Time to first result 2 hours 25 minutes 3 hours 30 minutes 45 min  

Overall Turn Around Time/ 
Run 

6 hours 35 minutes /  
120 samples 

7 hours 30 minutes /  
120 samples 

1 hour 21 minutes /  
12 samples 

Maximum Sample throughput  
in 8/24 hrs 

335 / 1150 275 / 1020 72 / 216 

 328 

a. NP, nasopharyngeal swab; NS, nasal swab; OPS, oropharyngeal swab; LRT, lower respiratory 329 

tract. 330 
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