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Abstract

RT-gPCR tests based on RNA extraction from nasopharyngeal swab samples are promoted as
the “gold standard” for SARS-CoV-2 detection. However, self-collected saliva samples offer a
non-invasive aternative more suited to high-throughput testing. This study evaluated the
performance of TagPath COVID-19 Fast PCR Combo Kit 2.0 assay for detection of SARS-CoV-
2 in raw salivareative to a lab-developed direct RT-gPCR test (SalivaDirect-based PCR) and a
RT-gPCR test based on RNA extraction from NPS samples. Both samples were collected from
symptomatic and asymptomatic individuals (N=615). Saliva samples were tested for SARS
CoV-2 using the TagPath COVID-19 Fast PCR Combo Kit 2.0 and the SalivaDirect-based PCR,
while RNA extracts from NPS samples were tested by RT-gPCR according to the Irish national
testing system. The TagPath™ COVID-19 Fast PCR detected SARS-CoV-2 in 52 sdiva
samples, of which 51 were aso positive with the SalivaDirect-based PCR. 49 samples displayed
concordant results with the NPS extraction-based method, while three samples were positive on
raw saliva. Among the negative samples, 10 discordant cases were found with the TagPath
COVID-19 Fast PCR (PPA—85.7%; NPA—99.5%), when compared to the RNA extraction-based
NPS method, performing similarly to the SalivaDirect-based PCR (PPA-87.5%; NPA-99.5%).
The direct RT-qPCR testing of saliva samples shows high concordance with NPS extraction-
based method for SARS-CoV-2 detection, providing a cost-effective and highly-scalable system

for high-throughput COVID-19 rapid-testing.
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Introduction

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in Wuhan in
2019 led to a global pandemic of coronavirus disease 2019 (COVID-19). SARS-CoV-2 can lead
to both symptomatic and asymptomatic infections, making detection of infected individuals
challenging if based solely on symptomatic diagnostic testing. To combat viral spread and ensure
public health, countries have implemented different strategies related to diagnostic, screening
and surveillance testing. COVID-19 tests should exhibit high sensitivity and quick turn-around-
times to adapt treatment, reduce the spread of disease, and adjust public health interventions to
the local epidemiology. Establishing COVID-19 testing in high-throughput settings such as
schools or workplaces also requires tests that are easy to use, that require minimal resources and

have a high acceptance rate by theindividualsinvolved in the testing™.

Detection of SARS-CoV-2 in RNA extracted from nasopharyngeal swab (NPS) samples using
guantitative RT-gPCR is considered to be the gold standard for identification of COVID-19
infection, as the virus typically infects the upper respiratory tract. However, reliable collection of
NPS requires trained health care professionals, and NPS samples can be difficult to obtain from
some individuals due to the discomfort associated with the technique. Using saliva as an
aternative sample type to NPS offers several advantages, including non-invasive self-collection,
reduced risk of viral transmission and lower sample costs in terms of trained health care

personnel, personal protective equipment and costs associated with sample collection?.

A number of studies have shown that saliva and NPS RT-PCR-based tests exhibited comparable

analytical performance®°. In addition, several reports indicate that sdiva might be more
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sensitive than nasopharyngeal or nasal swabs for diagnosis of SARS-CoV-2 infection, especially
for asymptomatic cases or with the emergence of new SARS-CoV-2 variants that can have a
different tropism compared to earlier variants” ™2, Indeed, the 2021 guidance on the use of
saliva as sample material for COVID-19 testing highlighted the potentia of saliva for nucleic
acid based (i.e. PCR based) SARS-CoV-2 testing, while cautioning on the use of saliva as a

sample for rapid antigen or antibody tests™.

The aim of this retrospective study was to evaluate the performance of the TagPath™ COVID-19
Fast PCR Combo Kit 2.0 and our SalivaDirect-based (SDB) RT-PCR protocol in raw saliva
gpecimens in comparison to the NPS RNA extraction-based TagPath™ COVID-19 CE-IVD

RT-PCR which is considered to be the gold standard for the detection of SARS-CoV-2.

M ethods
Clinical specimens

Saliva samples from 615 individuals were collected in the Republic of Ireland (Galway) between
February and May 2021 at two locations (Airport Testing Centre and National University of
Iredland Galway). All individuals provided a signed informed consent, and the study was
approved by the NUI Galway Research Ethics Committee (Approval Number: 2020.08.016;
Amend 2102). Of the 615 individuals, 39.7% (N=244) were symptomatic, 35.3% (N=217) were
asymptomatic, while the information on the symptomatic status was not available for the
remaining part of the cohort (Figure 1A). The Asymptomatic or Symptomatic status of each
individual was assigned based on answer given to the question “Reason why you are being tested

by the HSE” in the registration form that was provided to each volunteers. Each individual who
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90 indicated that they had a cough and/or high temperature were classified as symptomatic, while
91 others were classified as asymptomatic (such individuals had been referred for testing as they
92  had been contact traced in accordance with the government guidelines of the time). All saliva
93 samples were tested upon collection using the SalivaDirect-based RT-PCR. Concurrent to saliva
94  collection, NPS were collected and tested for SARS-CoV-2 presence using an RNA extraction-
95  based method according to the national COVID-19 testing system in Ireland run by the Health
96  Service Executive (HSE). Following circa 9 months of storage at -20 °C, raw saliva samples
97  were thawed and re-tested using the lab’s SDB RT-gPCR as well as the TagPath™ COVID-19
98 Fast PCR Combo Kit 2.0. Exclusion criteria included: inconclusive result on the TagPath™
99 COVID-19 Fast PCR Combo Kit 2.0 and altered status prior to and following storage on the
100 SDB RT-PCR test.
101
102 SARS-CoV-2 detection
103 Raw saliva samples were tested upon collection and following storage using the SDB RT-PCR
104  test. In brief, the samples were treated according to the SalivaDirect protocol; 25 uL of each raw
105 sdliva sample was collected on a 2.0 mL Eppendorf tube and treated with Proteinase K at 2.5
106  ug/uL final concentration followed by heat inactivation at 95 °C for 5 minutes. RT-PCR was
107  performed on the Applied Biosystems StepOnePlus™ Real-Time PCR System using the Applied
108 Biosystem TagMan™ Fast Virus 1-Step Master Mix together with the CDC 2019-Novel
109 Coronavirus Real-time RT-PCR diagnostic panel and results analysed using the StepOne™
110 Softwarev2.3. In parallel, saliva samples were tested using the TagPath™ COVID-19 Fast PCR
111 Combo Kit 2.0 according to the manufacturer’s instructions. The TagPath™ COVID-19 Fast

112 PCR Combo Kit 2.0 is a fagt direct PCR, without RNA extraction, which includes 8 targets
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113  across 3 SARS-CoV-2 genes (Orfla, Orflb and N) to ensure accurate detection of SARS-CoV-2
114  asnew mutations continue to arise. RT-qQPCR was performed on the QuantStudio™ 5 Real Time
115 PCR Instrument with QuantStudio™ Design and Analysis software v1.5.1, and results were
116  analyzed using the Pathogen Interpretive Software CE-IVD Edition 1.1.0. NPS samples were
117  tested within the national HSE testing program using an RNA extraction-based RT-PCR with the
118  TagPath™ COVID-19 CE-IVD RT-PCR kit. The study design is shown in Figure 1B.

119

120 Whole genome sequencing of SARS-CoV-2

121  Whole genome sequencing (WGS) of a subset of the SARS-CoV-2 positive saliva samples (N =
122  46) was performed on RNA extracted from saliva samples via a Quick DNA/RNA Vira
123 MagBead kit (Zymo, R2140). RNA samples were sent on dry ice to the Quadram Institute
124  Bioscience, UK for WGS of SARS-CoV-2. Viral RNA was converted in cDNA and then
125 amplified using the ARTIC protocol v3 (LoCost)™ with sequencing libraries prepared using
126  CoronaHiT*®. WGS was performed using the Illumina NextSeq 500 platform with one positive
127  control and one negative control. The raw reads were demultiplexed using bcl2fastq (v2.20). The
128 reads were used to generate a consensus sequence using the ARTIC bioinformatic pipeline

129  (https.//github.com/connor-lab/ncov2019-artic-nf). Briefly, the reads had adapters trimmed with

130  TrimGalore’, and were aligned to the Wuhan Hu-1 reference genome (accession MN908947.3)
131  using BWA-MEM (v0.7.17)*®; the ARTIC amplicons were trimmed and a consensus built using
132 iVAR (v.1.3.0)*°. Genomes that contained more than 10% missing data were excluded from
133  further analysis to ensure high quality phylogenetic analysis. PANGO lineages were assigned

134 using Pangolin (v2.3.2) (https://github.com/cov-lineages/pangolin) and PangoLEARN model

135  dated 2021-02-21%.
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136

137
138 Reaults

139 RT-gPCR on raw saliva shows concordance with RT-gPCR on NPS-extracted RNA for
140 SARS-CoV-2 screening

141 A total of 615 raw saliva samples obtained from symptomatic and asymptomatic individuals
142 were tested following long-term storage at -20 °C using both the TagPath™ COVID-19 Fast
143 PCR Combo Kit 2.0 and the lab’s SDB-PCR test. At the time of saliva sample collection, all
144  individuals also provided NPS samples which were tested using an extraction-based RT-gPCR
145  test in an HSE diagnostic laboratory. For all individuals in the study, the result of the RT-gPCR
146  test from the nasopharyngeal swab sample was available. All raw saliva samples were tested
147  both at the time of collection and again following long-term storage at -20 °C using the SDB RT-
148 gPCR assay without an RNA extraction step. For al samples matching results were obtained at
149 the time of sampling and at the time of repeated testing following long-term storage using the
150 SDB RT-gPCR, indicating that no deterioration of sample had occurred.

151

152  To evaluate the performance of the direct RT-gPCR testing approach of raw saliva for detection
153  of SARS-CoV-2, results obtained by testing with the TagPath™ COVID-19 Fast PCR Combo
154  Kit 2.0 were compared to the results based on the nasopharyngeal swab testing using an
155  extraction-based RT-qPCR method (Table 1). SARS-CoV-2 was detected using the TagPath™
156 COVID-19 Fast PCR Combo Kit 2.0 in 52 raw saliva samples from the cohort panel, of which
157 51 werein full agreement with both the SDB-PCR results at the time of collection and re-testing

158 following storage at -20 °C. Interestingly, two samples tested positive only from raw saliva
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159  (35<Ct<37). In both cases they tested positive consistently for both the TagPath™ COVID-19
160 Fast assay and the SDB-PCR, while the RNA extraction-based testing of the NPS in these cases
161 yielded anegative result.

162 The peformance of the lab’'s SDB RT-gqPCR in raw saliva samples was aso evaluated in
163 comparison to the nasopharyngeal swab testing using an extraction-based RT-gPCR method
164  (Table2) and performed similarly to the TagPath™ COVID-19 Fast assay.

165

166 Raw saliva-based PCR testing is consistent and can be mor e sensitive than NPS

167 SARS-CoV-2 was detected using the TagPath™ COVID-19 Fast PCR Combo Kit 2.0 in 52 raw
168  saliva samples from the cohort panel, from which 51 were in full agreement with both the SDB-
169 PCR at thetime of collection and re-testing following storage at -2001C. Interestingly, 2 samples
170  were positive on raw saliva (35<Ct<37) using both the TagPath™ COVID-19 Fast assay and the
171  SDB-PCR, while the RNA extraction-based testing of the NPS in these cases showed a negative

172  reault.
173

174  Whole genome sequencing data was obtained for 46 of the SARS-CoV-2 positive samples. As
175  expected based on the variants circulating in the Republic of Ireland during the period of sample
176  collection (between February 8" and May 6™ 2021), the vast majority of the positive samples
177 consisted of the B.1.1.7 lineage (N=45), with one sample identified as the B.1.562 lineage. When
178 the SARS-CoV-2 clade was determined, 91.1% of the positive samples belonged to the 20l
179 (Alpha, V1) clade, while 8.9% of the samples consisted of the 20A clade. WGS data was
180 available for one of the two samples that showed positivity using both saliva-based testing
181 methods while negative on RNA from NPS, and identified the presence of the Alpha VOC in the

182 sample.
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Saliva-based testing offers good performance for different SARS-CoV-2 detection,
including at low viral burden

Of the 52 samples in which SARS-CoV-2 presence was detected using the TagPath™ COVID-
19 Fast PCR Combo Kit 2.0, 42.3% (N=22) of the samples showed a Ct<25, 44.2% (N=23)
samples were between 25<Ct<30 and 13.4% (N=7) of the samples were of low viral load — with
Ct>30 (Figure 2A). Similar sample distribution across the 3 Ct ranges could be observed using
the lab’s SDB RT-gPCR (Figure 2A). The comparison of median Ct values in SARS-CoV-2
positive individuals revealed no significant difference between the symptomatic and the
asymptomatic patient cohort using both of the RT-gPCR assays used directly on raw saliva

samples (Figure 2B-C).
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196 Discussion

197 From the outset of the SARS-CoV-2 pandemic, both nucleic acid and antigen-based tests were
198 developed and deployed, with a major focus on nasopharyngeal swabs as the biological sample
199 of choice to be tested. However, saliva samples are the direct agents of transmission of SARS-
200 CoV-2, through droplets and aerosols, thereby alowing for direct testing for presence of the
201 Dbiological agent within its transmission vehicle. While RT-PCR-based testing of RNA extracted
202  from NPS samples has been considered as the “gold-standard” for SARS-CoV-2 detection, saliva
203 has emerged during the pandemic as a valuable sampling method to improve SARS-CoV-2
204  detection and workflows™. Besides the obvious advantage of self-collection associated with
205 lower costs and reduced risks for vira transmission,® *° raw saliva samples can be processed
206  directly through RT-gPCR assays which reduces time and removes costs associated with RNA
207  extraction. In addition, saliva (through droplets and aerosols) constitutes a transmission route for
208 SARS-CoV-2infection and can contain high viral loads of infectious virus as reported by recent
209 studies” ™ > % Thus, direct testing for SARS-CoV-2 in saliva can help monitor viral loads
210 acrossvariant surges and assess risk of transmission.

211

212  Depending on variants, individual factors (genotype, age, health etc) and immunological status
213  (vaccination, prior exposure), SARS-CoV-2 infections can range from asymptomatic to severe
214  symptoms. In the current study we demonstrate that direct RT-gPCR from raw saliva samples
215 using either our in-house developed SDB-PCR assay or a commercialy available CE-IVD
216 marked TagPath Fast kit enables accurate detection of SARS-CoV-2 in both symptomatic and
217  asymptomatic individuals with PPA of >83% and NPA of >99% when compared to the “gold-

218 standard” RNA extraction-based RT-gPCR from nasopharyngeal swabs (Figure 2). Despite the

10
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219 long-term storage (~ 9 months) of raw saliva samples included in the study, the accuracy
220  between saliva and NPS testing was high. This demongtrates that raw saliva samples can be
221 easly stored for long periods without the need for expensive additives or preservatives.

222

223 A number of studies have investigated the use of saliva as a sample method for SARS-CoV-2
224 detection in comparison to nasopharyngeal swab testing. Although most studies compared RNA
225  extraction-based protocols, the findings of such studies were consistent with our results which
226  used direct RT-gPCR on raw saliva. For saliva samples vs NPS, Pasomsub et al. reported a
227  diagnostic sensitivity of 84.3% and specificity of 98.9%°, while Yokota et al. reported a
228  sensitivity of 92% and specificity of 99.96% for saliva sample versus NPS*. Other studies
229 investigating direct PCR saliva based testing obtained comparable results with Moreno-Contreras
230 et al. reporting sensitivity of 86.2%% and Vogels et al. a positive agreement of 94.1% and a
231 negative agreement of 90.9% for direct PCR from saliva compared to extraction-based NPS
232 testing®. Procop et al, reported 100% positive agreement (38/38 positive specimens) and 99.4%
233 negative agreement (177/178 negative specimens) by using saliva as specimens from
234  symptomatic patients suspected of having COVID-19%. Saliva specimens from Covid-19
235 confirmed patients even provide greater detection sendtivity and consistency due to an
236  approximately 5X higher viral load compared to nasopharyngeal swabs™. Indeed, saliva can
237  offer higher sengitivity and lower variability of saliva testing when compared to the NPS
238  specimens® ™. Our results also demonstrated that two saliva samples gave a positive result using
239  both of the saliva-based direct PCR methods, one of which was confirmed by WGS, while these

240 same samples tested negative on the extraction-based RT-PCR testing of matched

11
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241  nasopharyngeal swabs. This finding suggests that saliva samples may result in greater accuracy
242  from PCR-based testing than nasopharyngeal swabs.

243  In addition to structural differences between variants at the nucleic or polypeptide levels, the
244 viral load and clearance across tissues and disease stages can potentially differ between variants
245  which in turn could have an impact on what biological specimens are most suitable for detecting
246  different variants. Indeed, the omicron SARS-CoV-2 variant poses a significant challenge for
247  nasal swab based testing as there are indications that saliva based samples may be more effective
248  for diagnostic detection of the omicron SARS-CoV-2 variant relative to NSPs** %%, Marais et al.
249  have showed that saliva was a preferred sample for the detection of Omicron variant™, which is
250 shown to have an altered tropism for the upper respiratory tract compared to the previous SARS-
251  CoV-2 variants®.

252

253 Theuse of adirect-PCR workflows offers an advantage in terms of time-to-result, which in case
254  of both the TagPath Fast kit and the lab-based SDB assay is under 2 hours. Rapid PCR-based
255 SARS-CoV-2 detection is particularly important in high-frequency testing settings which is often
256  associated with asymptomatic routine testing at workplaces or schools. Our data demonstrate no
257  differencein viral loads between the asymptomatic and symptomatic individuals (Figure 2B-C),
258 in line with previous studies’®. Several studies have also evaluated the use of RT loop-mediated
259  isothermal amplification (RT-LAMP) in saliva samples for fast detection of SARS-CoV-2. For
260 ingtance, one study tested different RT-LAMP testing methods using saliva or NPS as sample,
261 and found similar results when using purified/precipitated RNA from each sample type but with

262  dgignificantly reduced senstivity when the sample is used directly (a reduction from 93% to

12
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263  65%)%. Similar results for direct RT-LAMP were obtained by other groups, indicating
264  significantly lower sensitivity of such approach compared to direct RT-PCR*,

265

266 A desirable feature of any diagnostic kit is the ability to detect different variants, particularly for
267 the case of RNA viruses such as SARS-CoV-2 that are prone to mutation and recombination.
268  While genome sequencing is ideal for characterisation of individual samples, large-scale testing
269 based on genome sequencing has not to date been scaled for everyday practice. All diagnostic
270 testsfor SARS-CoV-2 face the challenge of a constantly mutating viral population with periodic
271  emergence of viral variants that display fitness advantages that promote their transmission®. For
272 nucleic acid based tests, such challenges to detect new variants arise for homology-based
273  molecular tests (e.g. PCR, LAMP) where the mutations (indels) arise in regions that are detected
274 by sequence homology of the diagnostic test (e.g. the primers)®. The emergence of contagious
275 SARS-CoV-2 variants that have undergone significant mutational changes, and display fitness
276  advantages for enhanced transmission in human populations (vaccinated or unvaccinated), can
277  cause surges in COVID-19 cases, as recently exemplified by the Omicron variant. Therefore,
278 thereisahigh demand for accurate, mutation-resilient, high-throughput testing solutions for both
279  symptomatic and asymptomatic individuals. The development of multiplex assays with severa
280 targets across the more conserved regions of the SARS-CoV-2 genome, as for example, the 8
281 targets in the TagPath Fast 2.0 assay (targeting Orfla, Orflb and N gene) is crucial to enable
282  accurate detection of the virus and avoid false negative testing caused by viral mutations,
283  especialy during high surges of cases.

284

285 Conclusions

13
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286  The current COVID-19 pandemic has highlighted the need for diagnostic testing, screening and
287  survelllance methods that are high-throughput and cost-effective. While point-of-care antigen
288  testing has been deployed at scale globally, the redlity is that the detection limit of antigen tests
289 remains poorer than PCR-based methods. However, increasing the throughput of PCR-based
290 testing for more accurate detection of SARS-CoV-2 has been constrained by the use of NPS
291  which are costly and cumbersome to collect. In this study, we demonstrated that highly accurate
292 PCR-based testing can be conducted directly on saliva samples, using a Saliva-Direct based test
293 and a novel CE-IVD marked TagPath™ COVID-19 Fast PCR Combo Kit 2.0. Saliva-based
294  testing for SARS-CoV-2 provides a highly scalable and accurate approach for rapid detection of
295 SARS-CoV-2 especialy during surges of COVID-19 cases, for large-scale mass-testing which
296 includes screening and surveillance programs.
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Extraction based RT-PCR from

nasopharyngeal swab samples

Positive Negative Total
Positive 49 3 52
TagPath™ COVID-19 Fast
Negative 10 534 544
PCR Combo Kit 2.0
Total 59 537 596
Positive Percent Agreement (PPA) 83.05% [71.54% to 90.52%]

Negative Percent Agreement (NPA) 99.44% [98.37% to 99.81%]

Table 1. Positive and negative percent agreement of the raw saliva-based testing using the TagPath™
COVID-19 Fast PCR Combo Kit 2.0 and the nasopharyngeal swab-based testing using an RNA-extraction RT-
PCR diagnostic assay. Each individual provided one saliva and one nasopharyngeal swab sample on the same day.
The nasopharyngeal swabs were processed on the same or following day, while the saliva testing was performed on

samples following storage at -20 °C for several months.

20


https://doi.org/10.1101/2022.05.15.22275086

436

437

438
439
440
441
442

443

medRxiv preprint doi: https://doi.org/10.1101/2022.05.15.22275086; this version posted May 16, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Extraction based RT-PCR from

nasopharyngeal swab samples

Positive Negative Total
Positive 50 2 52
SDB RT-PCR assay Negative 9 535 544
Total 59 537 596
Positive Percent Agreement (PPA) 84.75% [73.48% to 91.76%]
Negative Percent Agreement (NPA) 99.63% [98.65% to 99.90%)]

Table 2. Positive and negative percent agreement of the raw saliva-based testing using the SDB RT-PCR
assay and the nasopharyngeal swab-based testing using an RNA-extraction RT-PCR diagnostic assay. Each
individual provided one saliva and one nasopharyngeal swab sample on the same day. The nasopharyngeal swabs
were processed on the same or following day, while the saliva testing was performed on samples following storage at

-20 °C for several months.
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Figure 1. Study design.
A) Cohort description based on the symptomatic status. B) A total of 615 individuals provided
saliva and nasopharyngeal swab samples on the same day. Samples were processed according to

the algorithm shown.

Figure 2. Saliva based SARS-CoV-2 testing Ct values.

A) Distribution of samples across high, medium and low viral loads grouped by Ct value
detected with TagPath Fast 2.0 kit or SDB RT-PCR. B-C) Comparison of the median Ct values
between the symptomatic and asymptomatic individuals positive for SARS-CoV-2 using ether
the TagPath COVID-19 Fast 2.0 kit (B) or the SDB RT-PCR test (C). The box plots show the
median (bold horizontal line), interquartile range (box), and total range (whiskers) of detected Ct

values.
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