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This paper proposes that adding a commonly used viral inactivation reagent to all SARS-CoV-2 swab
sample collection kits can dramatically increase testing throughput, reduce biohazard risk to
couriers and testers, and improve the quality of the result outcome.

The Test Method

SARS-CoV-2 virus is a single-stranded RNA virus. RT-PCR detection requires reverse transcription (RT)
of the RNA to DNA and then polymerase chain reaction (PCR) amplification of the DNA. It does not
require the virus to be active. In fact it involves inactivation of it as part of the assay process.

Key points:
e 30% of samples shipped to - and worked on by — the labs are positive for SARS-CoV-2
e If the viral RNA degrades — the RT-PCR tests do not work.
e ltis hard to stop RNA from degrading because the environment is full of RNA-degrading
{RNase) enzymes that will also be influenced by ambient temperature.

e There are two ways to prevent this RNase-mediated degradation of SARS-CoV-2 RNA:

(i) By keeping the virus intact {but therefore also infectious) in a Live Virus Transfer
Medium (VTM) until it reaches the testing centre where it is unpacked in a class 2
cabinet, then lysed by an inactivation buffer. A standard recipe in clinical use is as
follows: E.g. saline, phosphate buffered saline, tissue culture medium. This maintains
viral integrity/infectivity for at least 72 hours

(ii) By immediately placing the swab into an inactivation buffer which, within seconds, lyses
the virus {via a detergent component) and inactivates any RNase enzymes in the swab
sample (via a protein denaturing, guanidinium thiocyanate component). A standard
recipe in clinical use is a Viral PCR Sample Solution (VPSS); 8M guanidinium thiocyanate,
2% Triton-X100, 35 mM sodium EDTA, 0.1 M Tris-HCl buffer pH 6.4. Variants on this are
used by Roche for home test kits, and other suppliers for clinical test kits. The active
ingredient remains guanidine {as thiocyanate or hydrochloride salt).

Advantages and disadvantages of the two approaches:

VTM (for the live virus transfer method)
Advantages:
a) The medium is benign for home and clinical users
b) Itissimple and relatively easy to source.
Disadvantages:

a) VTM samples after swab testing must be handled as infectious material and should be
marked as BIOHAZARD all the way from the sample being taken, through multiple logistics
routes. This may restrict use of postal and other services

b) Samples and their packaging must be opened by operatives in PPE in class 2 containment
cabinets, who immediately open the tubes and then inactivate the virus. This requires the
use of hundreds of Class 2 hoods across the 3 labs and an army of skilled manual handlers.
Samples cannot simply be unpacked on the bench and loaded onto an automation system
for testing, dramatically reducing potential national capacity.
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c) Live virus transfer will also be dependent on temperature. A detailed study will be required
to assess RNA stability (measured by RT-PCR) over a range of temperature/time dimensions,
particularly during the warmer summer months. Depending on the results, mechanisms of
tracking the temperature/time of sample exposures during transit may be needed to
validate test results.

Inactivation Medium
Advantages:

a) Once asample tube is closed, the contents of the sample can be considered sterile. They will
not be a biohazard for the purposes of transport.

b) Samples and their surrounding packaging can be opened on the bench (the outside of the
tube may also wiped down with e.g. 70% ethanol or a convenient disinfectant.) and loaded
directly onto automated systems, maximising laboratory safety for the lab volunteers, and
their throughput

c) The inactivation of RNase enzymes by guanidinium thiocyanate is increased at higher
temperatures. Thus, transport of stabilised RNA should be relatively temperature and time
independent, although this should be checked by study.

d) Such collection tubes are used across the NHS in England and Scotland, and for home-testing
for chlamydia and HPV

Disadvantages: Commonly used inactivation reagents {e.g. VPSS) contain a high concentration of
guanidinium.

a) The tubes must be marked as CHEMICAL HAZARD because of the guanidinium content
(Specifically R: 22-36/38 : Harmful if swallowed. Irritating to eyes and skin.). Some risks could
be largely mitigated if the solution was a gel, Although the utility of a gel in the lab is yet to
be determined.

b) The home-test route must (will) be accompanied by explanatory materials explicitly reducing
the risk of dipping of swabs in the medium before use, drinking of it and; advice on dealing
with spillage on skin or other surfaces

c) Inactivating medium may be harder to source than standard (viral maintenance) medium

Conclusion/opinion: If Inactivating medium can be sourced, it is more likely to be compatible with
‘uncontrolled sample transport’ and ; because samples will be virus-inactivated on arrival, it will be

significantly easier to achieve high numbers of sample tests per day at the testing sites and ; its use
may further protect the RNA that is the only material the labs need to remain intact.

Insert Warning used by Roche on their Cobas® kit, widely sent out for home collection.

Cobas® PCR Media
< 40% (w/w) Guanidine hydrochloride Tris-HCl buffer ; Xn 25-50% (w/w) Guanidine HCI

Harmful ; 1x 4.3 mL

R: 22-36/38 Harmful if swallowed. Irritating to eyes and skin.

S:13-26-36-46 Keep away from food, drink and animal feeding stuffs. In case of contact with eyes, rinse
immediately with plenty of water and seek medical advice. Wear suitable protective clothing. If
swallowed, seek medical advice immediately and show this container or label.
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