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Introduction

During the current COVID-19 pandemic, precise and state-of-the-art testing for the presence of SARS-CoV-2
in research studies is of the utmost importance. While obtaining respiratory samples by nasopharyngeal swabs
represented the first method of choice for diagnosis and research, saliva collection for detection of SARS-CoV-2
infection is gaining increasingly more importance. Advantages of saliva samples include non-invasiveness,
possibility for convenient at-home collection and unnecessity of medically trained personnel for sample collection
(Azzi et al., 2021, Butler-Laporte et al., 2021; Byrne et al., 2020; Pasomsub et al., 2020).

The PAXgene Saliva Collector* is part of a preanalytical workflow comprising human saliva collection, stabilization,
transport and storage for nucleic acid extraction and subsequent analyses. The collection device contains 1 ml
stabilizing solution which preserves DNA levels in 2 ml human saliva samples by protecting DNA from degradation
and inhibiting bacterial growth over storage time. Saliva can be easily collected via a funnel into a plastic tube and
mixed with the stabilizing solution upon unscrewing and removal of the funnel.

In the research study presented here, the PAXgene Saliva Collector was tested for its capability to stabilize and
reduce infectiousness of active SARS-CoV-2 as part of the Trans National Access project NESARSdia, which was
granted by the Advancing European Research Infrastructure on Highly Pathogenic Agents (ERINHA-Advance;
Grant Agreement Number: 824061) and funded by the European Commission.
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Materials and methods

Samples

Human saliva was obtained by collection in conical tubes from adult, voluntary donors at Medical University Graz,
Austria. All donors gave their written informed consent for sample donation. The study was approved by the
Ethics Committee of the Medical University Graz under study number 32-666 ex 19/20.

Experimental Setup for Virus Stabilization

In a biosafety level 3 (BSL3) laboratory, viral SARS-CoV-2 copies of Human 2019-nCoV Isolate (Infectious cell
culture supernatant of human 2019-nCoV: Human 2019-nCoV ex China Strain: BavPat1/2020 Isolate: Germany
ex China; 026V-03883, Institute of Virology, Charité Berlin, Germany) were spiked in human saliva to three
different concentrations and mixed by vortexing. A dose control sample was taken directly from spiked-in saliva
in order to validate levels of viral RNA. 2 ml saliva samples containing spiked-in virus were directly pipetted into
PAXgene Saliva Collectors (PreAnalytiX®, cat. no. 769040) and mixed with the stabilizing solution in the collectors
by vortexing resulting in three Collection tubes containing 3 ml of samples with either 1,000, 10,000 or 100,000
viral copies in total. Viral RNA was isolated in triplicates immediately at timepoint O and after 24 h and 96 h
storage at 20°C in the dark.

Experimental Setup for Virus Infectivity Test

Vero cells at passage 30 were seeded into 48-well plates in concentration of 3x10% cells per well one day prior to
infection. On the day of infection, 1.55x107 SARS-CoV-2 copies were spiked in 200 pl PAXgene Saliva stabilizing
solution, vortexed and incubated for 10 min at room temperature. As the PAXgene Saliva stabilizing solution is
toxic for cells, it was diluted 1:2000 in MEM medium (Gibco, USA, cat. no. 11095-080) without FCS. MEM culture
medium was aspirated from adherent cells and 200 pl diluted PAXgene Saliva stabilizing solution containing
6.7x10* SARS-CoV-2 copies was added to the cells for 1 h at 37°C. For control conditions, same number of
SARS-CoV-2 was spiked in control medium, diluted and added to the cells. After infection, the PAXgene Saliva
stabilizing solution was replaced with standard Vero cell culture medium. Cells were further cultivated for 24 h for
immunohistochemical staining and for 72 h for endpoint analyses concerning infection potential of SARS-CoV-2.
Besides, morphological analyses of Vero cells after 72 h, supernatant was analyzed by RT-PCR for quantification
of SARS-CoV-2 derived RNA.

Isolation and Detection of SARS-CoV-2 derived RNA

Sample aliquots of 140 pl PAXgene Saliva stabilized saliva were processed with QlAamp® viral RNA Mini Kit
(QIAGEN®, cat. no. 52904) according to manufacturer’s instructions. Obtained SARS-CoV-2 RNA was quantified
by RT-PCR using QuantiTect® Probe RT-PCR Kit (QIAGEN, cat. no. 204443), CDC primer N1 (Eurofins, Luxembourg)
and Rotor-Gene® Q instrument (QIAGEN, cat. no. 9001580). Calculation of viral copies was performed by including
a positive control in every run that was characterized using RNA Standard VR-1986D™ Genomic RNA from 2019
Novel Coronavirus (ATCC, USA).
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Immunohistochemistry Staining

Cells were fixed using neutral buffered formalin (10% solution in water with a formaldehyde mass fraction of
3.7%, SAV Liquid Protection, Germany, cat. no. 11723425), permeabilized using Triton-X-100™ (Sigma-Aldrich,
USA, cat. no. T9284) and stained with primary antibody Anti-Coronavirus Nucleocapsid Antibody (Sino Biological,
China, cat. no. 40143-R019) for 1 h. Secondary antibody Dako REAL™ EnVision™, HRP Rabbit/Mouse (Dako,
Denmark, cat. no. K5007) was incubated for 1 h. Secondary antibody was detected using the substrate AEC+ High
Sensitivity Substrate Chromogen Ready to use (Dako, Denmark, cat. no. K3469).

Results and discussion

First, stabilization of SARS-CoV-2 derived RNA in the PAXgene Saliva Collector was examined (Figure 1A).
Obtained results show that viral RNA can be successfully isolated and quantified using QlAamp Viral RNA Mini
Kit and QuantiTect Probe RT-PCR Kit on Rotor-Gene Q after saliva storage in PAXgene Saliva Collector. RNA levels
remained constant for at least 96 h at 20°C in comparison to dose control, independent of virus numbers that
were spiked in (Figure 1B).
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Figure 1: A) Schematic depicting the experimental setup for SARS-CoV-2 derived RNA stabilization. B) Quantification of RNA derived
from SARS-CoV-2 0, 24 and 96 h after spike-in in PAXgene Saliva stabilizing solution. Experiments were performed in four biological
replicates with three technical replicates each; data is represented as mean + SD.

Next, impact of the PAXgene Saliva stabilizing solution on infectivity of SARS-CoV-2 was examined in a cell culture
model (Figure 2). Vero cells were treated with diluted stabilizing solution with SARS-CoV-2 spike-in (Figure
2A Condition 1), stabilizing solution without SARS-CoV-2 spike-in (Figure 2A - Condition II), with medium
containing SARS-CoV-2 (Figure 2A — Condition lll) and with pure medium (Figure 2A - Condition IV). An
immunohistochemical staining showed that 24 h past infection, SARS-CoV-2 nucleocapsid was not detectable
in Vero cells infected with SARS-CoV-2 and treated with PAXgene Saliva Stabilizing Solution. In contrast, the
nucleocapsid was abundantly present in Vero cells that were infected with SARS-CoV-2 in medium (Figure 2B).
Further, 72 h past infection, morphological analyses revealed that Vero cells infected with SARS-CoV-2 and treated
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with PAXgene Saliva Stabilizing Solution (Condition I) remained viable, comparable to control conditions Il and
IV where cells were treated with stabilizing solution or medium only. In contrast, cells incubated with medium
containing SARS-CoV-2 (Condition Ill) were detached and apoptotic, thereby showing clear signs of virus infection
(Figure 2C). Quantification of viral RNA in supernatant yielded significantly higher C; values in Condition | where
cells infected with SARS-CoV-2 were treated with PAXgene Saliva Stabilizing Solution, in contrast to cells infected
with untreated SARS-CoV-2. This was equivalent to a 7 log,, reduction in viral copies in PAXgene Saliva treated
samples (Figure 2D). For comparison, the efficacy of disinfectants is commonly measured by the fold reduction in
infectivity of a pathogen (Lin et al., 2020). The US Food and Drug Administration (FDA) defines a 6 log, , reduction
as a high-level disinfectant which corresponds to an extinction of 99.9999% of Mycobacteria (Rutala et al., 2008).
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Figure 2: PAXgene Saliva Collector reduces infectivity of SARS-CoV-2

A) Schematic depicting workflow for testing infectiousness of SARS-CoV-2 virus after incubation in PAXgene Saliva Collector for

10 min. B) Immunohistochemical staining 24 h after infection of Vero cells with SARS-CoV-2 in PAXgene Saliva stabilizing solution and
SARS-CoV-2 in control medium. Scale bar represents 50 um. C€) Micrographs showing Vero cells 72 h past infection in four conditions
introduced in A. Scale bar represents 250 ym. D) Quantification of SARS-CoV-2 derived RNA in the supernatant 72 h after infection using
RT-PCR. Experiments were performed in three biological replicates with three technical replicates each; data is represented as mean + SD.
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Summary

Results obtained in this research study could show that SARS-CoV-2 derived RNA is efficiently stabilized for at least
96 h when infectious saliva is collected in the PAXgene Saliva Collector. A time period of up to four days covers
the need for sample collection, transport to laboratory and subsequent sample analysis. Moreover, the PAXgene
Saliva stabilizing solution prevented infection of Vero cells and reproduction of SARS-CoV-2. Viral RNA copies from
potentially infectious virus particles were reduced by 7 log, , in comparison to positive control thereby limiting the
risk of infection for laboratory personnel.

In conclusion, the PAXgene Saliva Collector is well-suited for use in SARS-CoV-2 research fields.
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Products used

PAXgene Saliva Collectors (25)* For 25 individual samples: PAXgene Saliva Collector ina 769040
single blister box for 2 ml human saliva collection

Related products _

QlAamp Viral RNA Mini Kit (50) For 50 RNA preps: 50 QlAamp Mini Spin Columns, 52904
carrier RNA, Collection Tubes (2 ml), RNase-free buffers

QlAamp Viral RNA Mini Kit (250)  For 250 RNA preps: 250 QlAamp Mini Spin Columns, 52906
Carrier RNA, Collection Tubes (2 ml), RNase-free buffers

QuantiTect Probe RT-PCR Kit (200) For 200 x 50 pl reactions: 3 x 1.7 ml 2x QuantiTect 204443
Probe RT-PCR Master Mix, 100 ul QuantiTect RT Mix,
2 x 2 ml RNase-Free Water

QuantiTect Probe RT-PCR Kit For 1000 x 50 pl reactions: 25 ml 2x QuantiTect Probe 204445
(1000) RT-PCR Master Mix, 0.5 ml QuantiTect RT Mix,

20 ml RNase-Free Water
Rotor-Gene Q instrument Real-time PCR cycler and High Resolution Melt analyzer 9001580

with 5 channels (green, yellow, orange, red, crimson)
plus HRM channel, laptop computer, software,
accessories: includes 1 year warranty on parts and
labor, installation and training not included

*For research use only. Not for use in diagnostic procedures.

For up-to-date licensing information and product-specific disclaimers, see the respective
PreAnalytiX® or QIAGEN® kit handbook or user manual. PreAnalytiX and QIAGEN kit

handbooks and user manuals are available at www.qiagen.com or can be requested from
QIAGEN Technical Services or your local distributor.

Trademarks:  PAXgene®, PreAnalytiX® (PreAnalytiX GmbH)
QIAGEN®, QIAamp®, QuantiTect®, Rotor-Gene® (QIAGEN Group)
VR-1986D™ (ATTC); REAL™, EnVision™ (Dako/Agillent)
Trition-X-100 (Sigma-Aldrich).

PreAnalytiX GmbH, 8634 Hombrechtikon, CH.

© 2021 PreAnalytiX GmbH. Unless otherwise noted, PreAnalytiX, the PreAnalytiX Logo and all other trademarks are property of PreAnalytiX GmbH,
Hombrechtikon, CH.
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