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2 

ABSTRACT 23 

The coronavirus disease 2019 (COVID-19) pandemic has accelerated the need for rapid implementation 24 

of diagnostic assays for detection of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in 25 

respiratory specimens. While multiple molecular methods utilize nasopharyngeal specimens, supply 26 

chain constraints and need for easier and safer specimen collection warrant alternative specimen types, 27 

particularly saliva. Although saliva has been found to be a comparable clinical matrix for detection of 28 

SARS-CoV-2, evaluations of diagnostic and analytic performance across platforms for this specimen 29 

type are limited. Here, we compared two methods for SARS-CoV-2 detection in saliva: the Roche 30 

cobas® 6800/8800 SARS-CoV-2 real-time RT-PCR Test and the Agena Biosciences MassARRAY® 31 

SARS-CoV-2 Panel/MassARRAY® System. Overall, both systems had high agreement with one 32 

another, and both demonstrated high diagnostic sensitivity and specificity when compared to matched 33 

patient upper respiratory specimens. We also evaluated the analytical sensitivity of each platform and 34 

determined the limit of detection of the Roche assay was four times lower than that of Agena for saliva 35 

specimens (390.6 v. 1,562.5 copies/mL). Furthermore, across individual target components of each 36 

assay, T2 and N2 targets had the lowest limits of detection for each platform, respectively. Together, we 37 

demonstrate that saliva represents an appropriate specimen for SARS-CoV-2 detection in two 38 

technologies that have high agreement and differ in analytical sensitivities overall and across individual 39 

component targets. The addition of saliva as an acceptable specimen and understanding the sensitivity 40 

for testing on these platforms can further inform public health measures for screening and detection to 41 

combat the COVID-19 pandemic. 42 
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INTRODUCTION 43 

 Accurate and rapid testing is vital to informing the response to the coronavirus disease 2019 44 

(COVID-19) pandemic. Since its inception, nucleic acid amplification testing (NAAT) for SARS-CoV-2 45 

RNA in nasopharyngeal (NP) specimens has been the mainstay in diagnosing COVID-19. Collection of 46 

such specimens requires sampling by trained healthcare professionals who need materials such as swabs 47 

and viral transport medium (VTM) that may not be available in all settings (1–3). Currently, alternative 48 

specimen types including anterior nares (AN) and oropharyngeal (OP) specimens have been evaluated 49 

and approved for testing. 50 

Saliva has recently garnered attention as a potential specimen given its lower discomfort, minimal 51 

invasiveness, and ability to be self-collected. As of February 21, 2021, nineteen in vitro SARS-CoV-2 52 

diagnostic tests utilizing saliva as a clinical matrix have been approved for Emergency Use Authorization 53 

(EUA) by the U.S. Food and Drug Administration (4). Indeed, recent systematic reviews of reported 54 

studies demonstrated that saliva NAAT diagnostic performance is comparable to that of NP specimens, 55 

particularly in the ambulatory setting (5, 6). While studies have compared detection of SARS-CoV-2 56 

across matched NP and saliva specimens, there is large variability in specimen collection, processing 57 

methods, and testing platforms utilized (5–14). Moreover, studies that assess analytical performance of 58 

detection in saliva across platforms are lacking.  59 

Since the identification of SARS-CoV-2, high-throughput sample processing has been logistically 60 

difficult to achieve given a number of hurdles including instrument availability and supply chain 61 

limitations (15–18). Recently, a novel multiplex reverse transcription (RT-PCR)/MALDI-TOF assay from 62 

Agena Bioscience has received EUA (19). The MassARRAY® SARS-CoV-2 Panel and MassARRAY® 63 

System has the potential to increase diagnostic capacity and complement current standard NAAT 64 

technologies. This is particularly promising for use of saliva for large community-based testing efforts. 65 
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 4 

We therefore evaluated this platform (“Agena”) and the more ubiquitous cobas® 6800/8800 SARS-CoV-66 

2 real-time RT-PCR Test (“Roche”) to detect SARS-CoV-2 in saliva specimens. Furthermore, we also 67 

compared the analytic performance of each platform and each of its component targets. 68 
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MATERIALS AND METHODS 69 

We undertook a direct comparison of saliva as a clinical specimen for detection of SARS-CoV-2 70 

viral nucleic acids across two platforms in the Clinical Microbiology Laboratory (CML) for the Mount 71 

Sinai Health System (MSHS) which is certified under Clinical Laboratory Improvement Amendments of 72 

1988 (CLIA), 42 U.S.C. §263a and meets requirements to perform high-complexity tests.  73 

Saliva specimen collection and processing 74 

 Saliva specimens were collected from sixty patients who underwent molecular testing for SARS-75 

CoV-2 in NP or AN specimens collected within the previous 48 hours. Saliva specimens were collected 76 

in sterile containers (Corning, 352070) and volumes ranged from 0.5 to 1.5 mL. Upon receipt in MSHS 77 

CML, 1 mL of viral transport media (VTM) (Hardy Diagnostics, R99) was added to each saliva specimen. 78 

These saliva-VTM specimens were vortexed for 30 seconds and 1 mL of each was incubated at 55°C for 79 

15 minutes. Processed specimens subsequently underwent side-by-side SARS-CoV-2 nucleic acid 80 

detection across two different platforms.  81 

SARS-CoV-2 testing 82 

 For testing with the cobas® 6800/8800 SARS-CoV-2 real-time RT-PCR Test (Roche, 83 

09175431190), aliquots of processed saliva specimens were run as previously described for NP specimens 84 

(20). Briefly, the assay utilizes two targets to detect SARS-CoV-2 RNA: the SARS-CoV-2-specific 85 

Orf1ab gene (T1) and the pan-Sarbecovirus envelope E gene (T2). A result was deemed positive for 86 

SARS-CoV-2 if both T1 and T2 were detected, or if T1 was detected alone. A result was deemed 87 

presumptive positive if T2 was detected alone. A result was deemed negative if neither T1 nor T2 was 88 

detected. Target results were valid across all specimens run.  89 

 For testing with the MassARRAY® SARS-CoV-2 Panel and MassARRAY® System (Agena, 90 

CPM384), RNA was extracted from 300 μL of processed specimens using the chemagicTM Viral 91 
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DNA/RNA 300 Kit H96 (PerkinElmer, CMG-1033-S) on the automated chemagicTM 360 instrument 92 

(PerkinElmer, 2024-0020), as per the manufacturer’s protocol. To serve as an internal control (IC), MS2 93 

phage RNA was included in all extraction steps. Extracted RNA underwent reverse transcription PCR 94 

(RT-PCR) with iPLEX® Pro chemistry to amplify the different Agena target regions per the 95 

manufacturer’s protocol. After the inactivation of unincorporated dNTPs by treatment with shrimp 96 

alkaline phosphatase (SAP), a sequence-specific primer extension step was performed, in which a mass-97 

modified terminator nucleotide was added to the probe, using the supplied extension primers and iPLEX® 98 

Pro reagents.  99 

The extension products (analyte) were desalted, transferred to a SpectroCHIP® Array (a silicon 100 

chip with pre-spotted matrix crystal) and then loaded into the MassARRAY® Analyzer (a MALDI-TOF 101 

mass spectrometer). For the sample analysis, the analyte/matrix co-crystals were irradiated by a laser, 102 

inducing desorption and ionization. The positively charged molecules accelerated into a flight tube 103 

towards a detector. Separation occurred by time-of-flight, which is proportional to the mass of the 104 

individual molecules. After data processing, a spectral fingerprint was generated for each analyte that 105 

characterizes the mass/charge ratio of the molecules (x-axis) as well as their relative intensity (y-axis). 106 

Data acquired by the MassARRAY® Analyzer was processed with the MassARRAY® Typer software and 107 

then the SARS-CoV-2 Report software. The assay was designed to detect five viral targets: three in the 108 

nucleocapsid (N) gene (N1, N2, N3) and two in the Orf1ab gene (ORF1, Orf1ab). If the MS2 IC was 109 

detected, results were interpreted as positive if at least two targets were detected or negative if less than 110 

two targets were detected. If MS2 IC was not detected and no targets were detected, the result was 111 

interpreted as invalid and required rerunning of the specimen.  112 
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Limit of detection of SARS-CoV-2 nucleic acid in saliva  113 

 The limit of detection (LoD) was determined across both platforms using known concentrations 114 

of a SARS-CoV-2 standard spiked into saliva clinical matrix.  115 

Briefly, an in-house SARS-CoV-2 standard was generated by pooling 59 NP specimens that 116 

previously tested positive at MSHS CML (average T1 cycle threshold (Ct) = 17.53, average T2 Ct = 117 

17.59). To quantitate the standard, three dilutions of the pooled sample were made (e.g., 1:50,000 (D1), 118 

1:100,000 (D2), 1:200,000 (D3)) and run alongside serial dilutions of a commercially available standard 119 

(ZeptoMetrix, NATSARS(COV2)-ERC) on the Roche platform which has EUA from the FDA for SARS-120 

CoV-2 detection in NP specimens. All reactions were run in triplicate and SARS-CoV-2-negative NP 121 

matrix served as the diluent. Concentrations of each standard dilution was determined by extrapolation 122 

from standard curves generated across T1 and T2 targets (Fig. S1) for each dilution. The stock 123 

concentration was, in turn, calculated as the average of the extrapolated stock concentrations determined 124 

at each dilution. Aliquots (50 μL) of this stock measurand were stored at -80°C to prevent multiple freeze-125 

thaw cycles. 126 

 To simulate collection of saliva for testing, saliva from healthy donors was combined in equal 127 

parts with VTM and spiked with the SARS-CoV-2 measurand. Serial dilutions of the spiked saliva-VTM 128 

specimens were generated in 50-mL conical vials (Corning 352070) over a range of 3,125.0 – 97.7 129 

copies/mL (cp/mL) and 12,500 – 195.3 cp/mL for testing on the Roche and Agena platforms, respectively. 130 

For each platform, ten replicates of each dilution were generated as well as ten replicates of saliva-VTM 131 

spiked with the SARS-CoV-2-negative NP diluent to serve as negative controls. Spiked saliva-VTM 132 

specimens were processed and run as described above. SARS-CoV-2 was not detected in any of the 133 

negative controls and all results were valid across both platforms.  134 
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 8 

 For each platform, the LoD of each overall assay and each target were determined. The 135 

experimental LoD represents the lowest concentration with 95% detection. The probit LoD (and 95% 136 

fiduciary confidence intervals) was determined by 95% detection based on a probit regression model. 137 

Statistical analyses 138 

 For comparison of outcomes across both platforms, percent agreement and Cohen’s kappa (κ) 139 

statistic were calculated using the attribute agreement analysis on Minitab Statistical Software 140 

(19.2020.2.0). Normality was assessed by D’Agostino and Pearson test for continuous variables (e.g., Ct 141 

values) (GraphPad Prism 9.0.2). Student’s t-test (two-tailed) was performed if data was normally 142 

distributed; otherwise, the Mann-Whitney test (two-tailed) was utilized (GraphPad Prism 9.0.2). Simple 143 

linear regression analyses were performed across Roche Ct values and serial dilutions. Probit regression 144 

modeling assuming Weibull distribution was performed if at least two probit points were available (e.g., 145 

not 100% or 0% detection) (Minitab Statistical Software, 19.2020.2.0). Where depicted, confidence 146 

intervals (CI) reflect the 95% level. 147 
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RESULTS 148 

 Sixty patients who underwent testing for SARS-CoV-2 by NAAT (NP or AN) at MSHS CML 149 

were provided with sterile containers for submission of saliva specimens within 48 hours of diagnosis. 150 

Saliva specimens were immediately processed and run side-by-side on the Roche and Agena platforms. 151 

When compared to paired NP or AN specimens, both platforms had equivalent sensitivities (97.14%, CI: 152 

85.08-99.93%) and specificities (100%, CI: 86.28-100%) for saliva specimens.  153 

The Roche platform detected SARS-CoV-2 RNA in 34/60 saliva specimens (Table 1). Of the 154 

remaining 26, two specimens resulted as presumptive positive and were considered not detected for this 155 

study. The Agena platform detected SARS-CoV-2 RNA in 34/60 specimens. Of note, one of the two 156 

presumptive positive specimens by Roche was detected by Agena. In addition, the one specimen detected 157 

by Roche but not by Agena had the highest T1 Ct (31.62) and second highest T2 Ct (33.68) of all 158 

specimens tested. Overall, there was an almost perfect level of agreement across the two platforms 159 

(96.67% agreement, CI: 88.47-99.59; Cohen’s κ = 0.9321, p = 2.6x10-13).  160 

 To preliminarily assess the sensitivity of each platform, we evaluated the performance of 161 

component targets across the saliva clinical specimens (Fig. 1). Roche Ct values for each target ranged 162 

from 18.80-31.62 for target T1 (Orf1ab gene) and 19.06-37.46 for target T2 (E gene). When compared to 163 

the number of targets detected on the Agena platform, all five Agena targets were detected in specimens 164 

that had the lowest mean (±SD) Ct values on Roche T1 (24.64±3.019) and T2 (25.26±3.189) targets. The 165 

number of Agena targets detected in clinical saliva specimens progressively decreased with increasing Ct 166 

values across both Roche targets.  167 

 We next systematically measured the limit of detection (LoD) of each platform and the component 168 

targets. We generated a SARS-CoV-2 standard from high-titer positive NP specimens collected from 169 

MSHS patients diagnosed at CML. The titer of the in-house standard was determined by extrapolating 170 
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concentrations of three dilutions run alongside serial dilutions of a commercial SARS-CoV-2 standard on 171 

the Roche platform (Fig. S1). This had the benefit of accounting for any variation in extraction efficiency.  172 

 The in-house standard was spiked into saliva matrix collected from healthy donors and ten 173 

replicates of serial dilutions were run side-by-side on each platform. On the Agena platform, the 174 

experimental LoD was determined to be 1,562.5 cp/mL (Table 2) which is slightly lower than the LoD 175 

reported by manufacturers for NP clinical matrix (2,500 cp/mL) (19). Across the five different Agena 176 

targets, the most sensitive target was the N2 target (1,562.5 cp/mL) followed by the N1 target (3,125 177 

cp/mL) (Table 2, Fig. 2A). The least sensitive was the Orf1ab target whose LoD could not be determined 178 

from the range of concentrations tested. This reflected a gradient in performance across the individual 179 

components on the Agena platform.  180 

On the Roche platform, the experimental LoD was lower than that of Agena at 390.6 cp/mL. The 181 

Ct values for these saliva specimens demonstrated a linear correlation with the corresponding 182 

concentrations across both T1 (R2=0.9760, p=0.0016) and T2 (R2=0.9534, p=0.008) (Fig. 2B). Overall, 183 

T2 Ct values were higher than T1 Ct values for specimens at the same concentration (p<0.01) which is 184 

consistent with previous reports for NP specimens (21, 22). While the experimental LoD for T1 and T2 185 

targets were determined equivalent, probit analyses suggest the LoD of T2 is, in fact, lower (228.6 cp/mL). 186 

However, the fiduciary confidence interval for this value is broad (151.4-3.7x1010) given that the 187 

concentration at which no specimens were detected was not determined in our study.  188 
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DISCUSSION 189 

 Saliva represents an attractive alternative specimen type for SARS-CoV-2 testing given its limited 190 

invasiveness, ability to be self-collected, and reduced need for limited supplies A number of groups have 191 

demonstrated that saliva is an acceptable and sensitive specimen type when compared to other upper 192 

respiratory (e.g., NP, AN, OP) specimens (5, 8, 9, 12–14). However, analytical performance of this 193 

specimen type has yet to be evaluated across the multitude of platforms utilized. In this study, we 194 

demonstrate the utility of saliva as a diagnostic specimen across the Roche and Agena platforms. Saliva 195 

specimens collected within two days are equivocally sensitive and specific across both methods when 196 

compared to matched NP or AN specimens. 197 

 It is important to note that these two platforms tested are distinguished from each other by their 198 

technologic basis and their molecular targets. The Roche platform is like most of the current SARS-CoV-199 

2 molecular diagnostic assays in that it utilizes real-time RT-PCR for detection. However, the Agena 200 

platform utilizes mass spectrometry to detect targeted amplicons produced by RT-PCR. While distinct in 201 

platform technology, our findings demonstrate comparable diagnostic capabilities of both platforms for 202 

detection of SARS-CoV-2 nucleic acids in clinical saliva specimens (Table 1).  203 

The platforms we evaluated also differed by SARS-CoV-2 viral targets probed. In contrast to the 204 

Roche platform, which is based on two target amplicons (SARS-CoV-2 Orf1ab (T1) and pan-Sarbecovirus 205 

E genes (T2)), the Agena platform probes for five targets across two viral genes (3 targets in the 206 

nucleocapsid gene (N1, N2, N3), 2 targets in the Orf1ab gene (ORF1, Orf1ab)). This redundancy in viral 207 

targets is required to ensure robust sensitivity. When we assessed analytic performance of each target 208 

across the clinical saliva specimens, we observed variation in target performance with decreasing viral 209 

titers (e.g., Ct values), particularly within the Agena platform (Fig. 1). Specifically, the number of Agena 210 
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targets detected progressively dropped with decreasing concentration. This suggested inherent analytic 211 

differences in the component targets that warrant further investigating. 212 

In order to effectively utilize saliva as a clinical specimen for SARS-CoV-2 testing, it is essential 213 

to characterize the analytical sensitivity for each diagnostic platform. Most studies have yet to evaluate 214 

the LoD across platforms in a standardized method for saliva specimens (reviewed in (6)). Moreover, 215 

analytic sensitivity of component targets are often reported as those described by manufacturers or are not 216 

systematically evaluated, reported, nor compared across platforms (6, 7, 23–25). Our study demonstrates 217 

a greater sensitivity in the Roche platform for saliva specimens overall (Fig. 2). We also demonstrate that 218 

across both platforms, there are some targets which are more sensitive than others such as N2 in Agena 219 

and T2 in Roche (Fig. 2, Table 2). These metrics are vital as they can inform how diagnostic labs address 220 

new circulating viral variants that have mutations that may interfere with multiple detection methods.  221 

Our study does have limitations in that our saliva collection methods did not occur at one time 222 

point but rather at any point in the day within two days of initial NP/AN collection. While the utility of 223 

standardized collection methods (e.g., early morning collection) remain to be further clarified, this is not 224 

a variable we controlled in this study. In addition, we utilized a pooled positive NP specimen to serve as 225 

our analyte to assess sensitivity. As a result, the sensitivities measured are based on a potentially 226 

heterogenous mixture of viral variants. We addressed this by pooling specimens isolated from two 227 

consecutive days to ensure a sampling of the predominant circulating clade virus at the given time period.   228 

Overall, we demonstrate comparable analytical performance across two unique diagnostic 229 

platforms for detection of SARS-CoV-2 nucleic acids in saliva specimens. Given the continued spread 230 

and rise of new SARS-CoV-2 variants, there is a critical need to understand the analytic capabilities of 231 

these technologies. This is especially relevant in large-scale screening efforts where saliva has the 232 

potential to be further exploited for its utility as a clinical specimen. This greater understanding of assay 233 
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and target sensitivity is essential to informing both effective detection efforts and broader public health 234 

measures to ultimately quell the COVID-19 pandemic.   235 
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TABLES 330 

 331 

Table 1. Detection of SARS-CoV-2 nucleic acids in saliva across Roche and Agena commercial 332 

systems 333 

 334 

 335 

  Roche  

  Positive Negative Total 

A
g
en

a
 

Positive 33 1* 34 

Negative 1 25 26 

 Total 34 26 60 

*Presumptive positive by Roche 

 336 
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 20 

Table 2. LoD of SARS-CoV-2 nucleic acids in spiked saliva on the Agena MassARRAY® platform 337 

 338 

 No. detected / No. tested at viral concentrations (cp/mL):  Probit 

 12500 6250 3125 1562.5 781.3 390.6 195.3 0.0 
Exp  

LoDa 
LoDb 95% CIc 

Overall 10/10 10/10 10/10 10/10 1/10 0/10 0/10 0/10 1562.5 NA NA 

N1 10/10 10/10 10/10 9/10 2/10 0/10 0/10 0/10 3125.0 1745.5 (1336, 4069) 

N2 10/10 10/10 10/10 10/10 1/10 0/10 0/10 0/10 1562.5 NA NA 

N3 10/10 10/10 4/10 1/10 0/10 0/10 0/10 0/10 6250.0 5257.8 (3989, 12801) 

ORF1 10/10 10/10 8/10 8/10 0/10 0/10 0/10 0/10 6250.0 3544.7 (2502, 8161) 

Orf1ab 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 >12500 NA NA 
aExperimental (Exp) LoD determined by concentration at which detection is ≥95% 339 
bLoD determined by probit analysis. “NA” reflects inability to perform probit analyses due to lack of sufficient probit points 340 
c95% fiduciary confidence interval 341 
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FIGURES 342 

 343 

Fig. 1. Quantitative comparison of SARS-CoV-2 targets detected in clinical saliva specimens. 344 

Scatter plots depict the number of SARS-CoV-2 targets on the Agena platform detected and the 345 

corresponding Roche cycle threshold (Ct) for each clinical saliva specimen. (A) Ct values for Roche 346 

target T1 (Orf1ab) and (B) Roche target T2 (E gene) are depicted for individual clinical saliva 347 

specimens. Medians are depicted in each column. Statistically significant differences are depicted (e.g., 348 

*, p<0.05; **, p<0.01; ***, p<0.001, ****, p<0.0001) based on student’s t-test or Mann-Whitney non-349 

parametric test depending on whether data was normally distributed (see Methods). 350 
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Fig. 2. Evaluation of Roche and Agena SARS-CoV-2 target sensitivity. (A) Bar graph depicts 351 

percent of spiked saliva specimens detected overall by the Agena MassARRAY® platform at five 352 

different concentration (log). Overlaid are the individual sensitivities of the five Agena targets at each 353 

concentration. (B) Scatter plot of Ct values of Roche T1 (pink) and T2 (blue) targets across 354 

concentrations (log) of spiked saliva specimens at six different concentrations. Mean, standard error of 355 

the mean, and line of best fit with 95% confidence intervals are depicted for each target. Above each 356 

concentration is the percent of replicates detected by T1 or T2 targets.  357 
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SUPPLEMENTAL FIGURES 358 

 359 

Fig. S1. Quantitation of in-house SARS-CoV-2 standard. Linear regression of commercial standard 360 

in negative NP matrix run alongside three dilutions of pooled positive SARS-CoV-2 NP clinical 361 

specimens. (A) Mean (±SEM) Roche target T1 Ct values and (B) target T2 Ct values of seven serial 362 

dilutions of commercial standard plotted with lines of best fit. Correlation coefficients and p-values are 363 

annotated for each standard curve. Concentrations for three dilutions (D1, D2, D3) of in-house standard 364 

were extrapolated from T1 and T2 lines of best fit (dotted green lines) to determine the concentration of 365 

the in-house standard.  366 

 367 
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