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ABSTRACT

With SARS-CoV-2 pandemic, a great amount of samples have been
received on the different laboratories for diagnosis, sometimes in
amounts difficult to handle in time, with the associated stability and
quality risks.

So this study analyses the possibility to use Guthrie cards of cellulose
for the storage of nasopharyngeal samples from patients with a
respiratory virus infection.

With this aim, a total of 70 samples obtained on the classic UTM
tube for sample collection from different patients were replicated
on Guthrie cards; then, genome extraction and amplification for
different viruses was performed and compare to stablish detection
when samples are recovered from the cards.

Results show detection percentages of 66% for SARS-CoV-2, 75%
for Picornavirus, 100% for Respiratory Syncytial Virus and 50% for
Adenovirus after one week of storage.
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Introduction

Since the spread of SARS-CoV-2 on 2019 to
the end of the Public Health Emergency declaration
realised by the WHO on May 2023'-2, the number
of confirmed cases reported reach 95,139.14
million around the world3. This, obviously, has meant
a huge number of samples received by the different
hospitals.
The classical way to collect these samples is the use
of swabs in universal transport medium (UTM) tubes,
with no difference in the accuracy of viral detection
between nasopharyngeal and oropharyngeal
samples?.
But the storage of this kind of samples can be a
problem during emergency situations like during
pandemic, when the great amount of them can
saturate the diagnostic capacity of the laboratory,
delaying the analysis of the samples, something that
can affect the viral load on them by multiple
factorss.
So, the enlargement of storage and sample
collection methods could be an interesting way to
relieve pressure on points-of-care and other sample
collection places.
Based on an old method for sample collection,
Guthrie cards, developed for their use to
phenylketonuria detection by Guthrie testé, but also
used for diagnosis of a small number of virus
circulating in the blood?-19, this study explores their
use for nasopharyngeal sample storage.

Material and Methods

e Samples: a set of 70 nasopharyngeal samples
were collected in the Hospital Universitario
Central de Asturias, on UTM collection tubes. Of
the volume collected (1.5mlL), one part (200pL)
was extracted by the routine method on the lab,
the MagNa Pure 96 system (Roche; Ginebra)
and other part (100UL) was added to a clean
Guthrie card and was left till total dry.

o  Guthrie cars storage: after their total dry, this
kind of samples were stored for 1 week at room
temperature in a drower type card holder,
using silica gel to avoid humidity.

o Guthrie card samples preparation: a circle of 1cm
diometer of each dry Guthrie cards
(ARCHIMEDIife; Vienna, Austria) sample was cut
and incubated on 200dL of Minimal Essential
Medium (MEM) (Dominique Dutscher, Brumath,
France) with 50UL of proteinase K (pK) for 1
hour at 56°C, to extract the viral particles from
the cellulose matrix of the filter. After
incubation, the total volume was extracted by
the “Bikop” method, developed by our team,
and exposed on previous articles!! 12,
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o Genome detection: all extracted samples from

UTM tubes and Guthrie cards, were tested with
a RT-qPCR, directed against different
respiratory virus genomes, using 5Ul of the
sample, previously extracted by any of the
tested methods. This volume was added to 6l
of TagMan Fast 1-Step Master Mix (Life
technologies, Carlsbad, CA) with 4l of the
adequate mixture of primers (Thermo Fisher
Scientific, Walthman, MA) and tagman MGB
probes (Applied Biosystems, Foster City, CA)
(Table 1).
Amplification and subsequent analysis were
carried out using the Applied Biosystems 7500
Real-time PCR System (Applied Biosystems).
The cycling protocol was, in all cases, as follows:
(50°C, 20 min; 95°C, 5 min; 45 cycles of 95°C,
10 sec; 55°C, 15 sec and 60°C, 30 sec).

Results

On the different samples analysed a variety
of respiratory virus was searched, being detected
the followed: SARS-CoV-2, Picornavirus,
Respiratory Syncytial Virus (RSV) and Adenovirus
(ADV). Detection results for all these viruses,
including mean, range and IC 95% are shown on
Table 2, exposed by cycle threshold and viral
copies (log)/mL. Same data but for the SARS-CoV-
2 positive samples are shown on Table 3.

On the Guthrie cards, the following samples
for the 4 different viruses detected were: 33 (66%)
for SARS-CoV-2, 6 (75%) for Picornavirus, 4
(100%) for RSV and 1 (50%) for ADV.

When SARS-CoV-2 samples were analysed
closely, the following samples were detected by
cycle threshold ranges: 12 (60%) for Ct under 23,
12 (66.67%) for Ct between 23 and 29 and 9@
(75%) for cycles over 30.

On the other hand, when they were analysed
by viral load, expressed as viral copies (log)/mL,
the following samples were detected: 23 (62.16%)
for viral loads over 5 log, 5 (71.43%) for viral
loads between 4 anf 4.99 log, and 5 (83.33%,) for
viral loads under 4 log.

Discussion

Even when it is the classical and most
recommended method for sample collection,
specially when viral detection is involved, Universal
Trasport Medium (UTM) tubes have a short
expiration date after their use for sample collection.

As Hosokawa-Muto et al (2014) have
reported, different factors, like time, temperature
and bacteria presence can affect the viral load
collected, always decreasing it, being able to make
it even undetectable’. Something than, as has been
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said before, can be a significant problem during
special situations when work piles up.

So, to propose an alternative for the storage
this study analysed the use of Guthrie cards.

In general, after results obtained, we can
affirm that a proper genome extraction of different
virus can be performed from Guthrie cards, as we
had obtained an amplification on 68.75% of the
positive samples tested. Specifically, sensitivity for
the different virus detected was: 33 (66%) for
SARS-CoV-2, 6 (75%) for Picornavirus, 4 (100%)
for RSV and 1 (50%) for ADV.

The low number of samples of no SARS-CoV-2
virus detected represent a clear bias for the
analysis, but the good results found by better
analysing the SARS-CoV-2 results lead us to
minimize it

Focusing on these, which are the longest cohort
of the samples, obviously for the actual situation, we
see that 2 of each 3 extracted samples were
detected after 1 week on Guthrie cards, with
sensitivities upper 60% when we look the ranges
analysed.

Moreover, when we consider ranges where the
number of viral copies is lower (Ct = 30 and log <
3,99) we obtained good sensitivities (75% and
83.33% respectively). And, even when the number
of positive samples for other virus is short, they show
a similar tendency.

On the other hand, results for SARS-CoV-2
show higher Ct/lower viral loads for Guthrie card
samples than UTM for the ranges corresponding
with the lowest amount of virus expected. This may
have been caused by the concentration involved in
the processing for the extraction of the Guthrie card
samples, but not affect the results.

It should be said that the proposal to use this
support as a genome bank was already made in
1994 by McEwen and Reilly'4, in addition to
considering the traditional use of this support for the
detection of viruses present in the blood found in
previous studies as: Human Immunodeficiency Virus
(HIV), Herpes Simplex Virus (HSV), ADV or
Citomegalovirus (CMV)7-10,

So, with these facts and the results obtained,
especially  considering the time between
preparation of samples on Guthrie cards and their
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processing for extraction and genome detection,
something that has been validated before, we
propose their use as a practical way of storage big
numbers of viral samples, always taking care of
humidity and temperature control.

Of course, more studies should be done to find
the limits of this method, but now, it presents two
great advantages over UTM tubes: one, their small
size, so they can be storage in larger amounts, and
two, the greater biodegradability of cellulose
compared to the plastic UTM tubes’s.

On the other hand, their use for self-collection
is a way that can be explored, as for this assay we
start from collected nasopharyngeal samples, but
sample collection on Guthrie cards will avoid the
need for specialized workers and the massifications
of sick people at the points-of-care for sample
collection, or it can even be a solution when UTM
are out of stock, as it was at the beginning of this
pandemic, as American Society of Microbiology
predicted’s.

Conclusions

1. Guthrie cards are a viable method for
nasopharyngeal samples storage.

2. Guthrie cards can storage different respiratory
virus (SARS-CoV-2, Picornavirus, RSV and ADV)
for at least a week.
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Table 1: Primers and probes used for the different RT-qPCR

Design Target Gen Function Name Sequence (5°-3")
Forward primer CoV-2-OVI-S ATCAAGTTAATGGTTACCCTAACATGT
In-house SARS-CoV-2 ORF1ab Reverse primer CoV-2-OVI-A AACCTAGCTGTAAAGGTAAATTGGTACC
MGB probe FAM CoV-2-OVI-FAM CCGCGAAGAAGCTA
Forward primer 2019-nCoV-N1-F GACCCCAAAATCAGCGAAAT
CDC? SARS-CoV-2 N Reverse primer 2019-nCoV-N1-R TCTGGTTACTGCCAGTTGAATCTG
Sonda MGB VIC 2019-nCoV-N1-P-VIC CCGCATTACGTTTGGT?
Forward primer Picor-Ext-1 mod GCCCCTGAATGYGGCTAA
In-house Picornavirus P2 Reverse primer Picor-Int-4 mod GAIACYTGWGCICCCAT
MGB probe VIC Picorna-VIC ACTTTGGGTGTCCGTGTT
Forward primer VSRA-TR-S GCCAGTGGCATTGCTGTAT
Reverse primer VSRA-TR-A CTGACTACGGCCTTGTTTGT
In-house RSV F Forward primer VSRB-TR-S GCAAGTGGTATAGCTGTAT
Reverse primer VSRB-TR-A CTGACTACAGCTTTGTTTGT
MGB probe VIC VSR-VIC GAAGTGAACAARATCAA
Forward primer ADV2-TR-S CCAGGACGCCTCGGAGTA
Reverse primer ADV2-TR-A AAACTTGTTATTCAGGCTGAAGTACGT
In-house ADV Hexon Sonda MGB NED ADV2-NED AGTTTGCCCGCGCCACCG
Forward primer ADV4-TR-S GGACAGGACGCTTCGGAGTA
Reverse primer ADV4-TR-A CTTGTTCCCCAGACTGAAGTAGGT
MGB probe NED ADV4-NED CAGTTCGCCCGYGCMACAG
Forward primer Beta-TR-S ACACAACTGTGTTCACTAGC
In-house Human genome  B-globina Reverse primer Beta-TR-A CCAACTTCATCCACGTTCACC
MGB probe Cy5 Beta-Cy5 TGCATCTGACTCCTGAGGA

1 Sequences published by Center for Disease Control and Prevention (CDC)'3
2Probe sequence has been shortened as it is a MGB probe
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Table 2: Sensitivity, average, range, and IC 95% for all the samples, expressed by Ct (above) and normalized viral load (below).
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UTM samples Guthrie cards
N Xto Range IC95% Sensitivity Xto Range IC95% p-value (0.05)
SARS-CoV-2 50 25.64*5.17 (18 -37) (24.21 - 27.07) 33 (66.00%) 27.15+ 4.75 (18 - 36) (25.53 - 28.77) 0.0022
Picornavirus 8 23.25 £ 3.20 (17 - 26) (21.04 - 25.46) 6 (75.00%) 26.00 * 6.16 (20 - 36) (21.07 - 30.93) 0.0208
RSV 4 30.50 £ 7.59 (21 - 38) (22.61 - 37.49) 4 (100%) 27.00 £ 5.03 (20 - 32) (22.07 - 31.93) 0.0494
Adenovirus 2 28 (22 - 34) - 1 (50%) 25%* - - -
Total 64 2572+ 531 (17 - 37) (24.42 - 27.02) 44 (68,75%) 26.93 + 4.82 (18 - 36) (25.51 - 28.35) 0.0051
UTM samples Guthrie cards
N Xto Range 1IC95% Sensitivity Xzto Range IC95% p-value (0.05)
SARS-CoV-2 50 6.52£1.86 (2.92-11.12) (6.00 -7.04) 33 (66.00%) 6.58 £ 1.41 (3.95-9.31) (6.10 -7.06) 0.0003
Picornavirus 8 7.41 +£1.32 (5.07-9.52) (6.50-8.32) 6 (75.00%) 6.93+1.84 (3.95-8.72) (5.46 - 8.40) 0.0025
RSV 4 495+ 1.44 (3.26-6.74) (3.54-6.36 4 (100%) 6.63*+1.50 (5.15-8.72) (5.16-8.10) 0.0442
Adenovirus 2 5.61 (4.68 - 6.55) - 1 (50%) 7.23% - - -
Total 64 6.501%1.82 (2.92-11.12) (6.05-6.95) 44 (68,75%) 6.65 +1.44 (3.95-9.31) (6.23 -7.07) 0.5223

*This is the value for the one positive value

Table 3: Sensitivity, average, range, and IC 95% for the SARS-CoV-2 positive samples, expressed by Ct (above) and normalized viral load (below)
ranges.

UTM samples

Guthrie cards

N X*to Range IC95% Sensitivity Xto Range IC95% p-value (0.05)
Ct <23 20 20.60 + 1.57 (18 - 23) (19.91 - 21.29) 12 (60.00%) 26.91 + 6.04 (18 - 36) (24.26 - 29.56) < 0.0001
24 <Ct<29 18 26.33x1.75 (24 -29) (25.52 - 27.14) 12 (66.67%) 26.25 £ 4.73 (19 - 36) (24.06 - 28.44) 0.0002
Ct > 30 12 33.00 £ 2.00 (30 - 37) (31.87 - 34.13) 9 (75.00%) 28.67 £ 2.35 (25 -32) (27.34 - 30.00) 0.0001
Total 50 25.64+5.17 (18 - 37) (24.21 - 27.07) 33 (66.00%) 27.15 + 4.75 (18 - 36) (25.53 - 28.77) 0.0022

UTM samples Guthrie cards

N Xto Range IC95% Sensitivity Xto Range IC95% p-value (0.05)
log =5 37 728 +1.28 (5.26-11.12) (6.87 -7.69) 23 (62.16%) 6.66 £ 1.54 (3.95-9.31) (6.16-7.16) 0.0241
4<log<499 7 451 £0.26 (4.16-4.99) (4.31-4.71) 5(71.43%) 6.87 £1.36 (5.44-9.02) (5.87 -7.87) < 0.0001
log < 3,99 6 3541040 (2.92-3.96) (3.22-3.86) 5(83.33%) 5.98+£0.71 (5.15-6.93) (5.41 - 6.55) < 0.0001
Total 50 6.52 £1.86 (2.92-11.12) (6.00-7.04) 33 (66.00%) 6.58 £ 1.41 (3.95-9.31) (6.19 - 6.97) 0.7910
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