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Abstract

Thorough swabbing is becoming an increasing approach to fight COVID-19 transmission, particularly among asymptomatic
subjects, who are thought to represent the majority of potentially-contacting people. Particularly in the current management
of COVID-19 emergency, the 3T approach, i.e., testing, tracing and treating, is felt as particularly crucial to fight COVID-19
pandemic. Aside from the time-consuming, cost expensive and the many burdensome issues associated with a thorough swab-
bing, adopting easy-to-make criteria such as “drive-thru-swab” may exacerbate the burden of critical biases and pre-analytical
errors, which may impair the analytical reliability of these tests. This manuscript addresses some major points about.

Current Status

The pro-active recommendation from World Health Organi-
zation (WHO) to use the window opportunity during lock-
down and fight against the SARS-CoV-2 pandemic, included
the burdensome planning to thoroughly swabbing any sub-
ject. This approach is still adopted in the form called 3T,
i.e., testing, tracing and treating. The urgency to trace up
asymptomatic infected people and address SARS-CoV-2
outbreak is currently a matter of debate, despite subject’s
symptomatology is the best warning. This is carried out in
order to prevent any infectious contact and slow down viral
spread, a concern particularly felt in Italy to date [1]. The
huge availability in reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) arrays, settled to monitor
COVID-19 positivity by swabbing the highest amount of
asymptomatic subjects, may show a decidedly high rate of
failure, due to the many related bias and analytical errors
[2-4]. A widespread consideration about COVID-19 led
experts to consider asymptomatic subjects, who is believed
to represent the majority of individuals, as potentially bear-
ing SARS-CoV-2, if only keeping close social meetings on.
during their daily life. This justified the burdensome work-
flow associated with a thorough swabbing process on the
general population.
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Very recently, people felt a sort of harassment merged
with fear, due to the paroxysmal exposition of images and
videos showing pandemic effects, with deaths, sick peo-
ple and hospitals and probably even caregivers performing
swabbing to any motorist on the road, the so-called “drive-
thru-swab” or DTS, aroused some concern. Physicians
exist suggesting a house-to-house swabbing, in order to
thoroughly mapping the highest number of resident people
for COVID-19 positivity [5, 6]. DTS appears as a rapid and
straightforward approach to collect the highest amount of
swabs, but is usually performed in a not standardized envi-
ronment (open air instead of a lab), often with hasty opera-
tors to prevent traffic and in a context particularly enriched in
airborne pollutants, such as engine emission exhausts [7, 8].

A paroxysmal seeking the virus is affecting the correct-
ness by which these crucial tests must be performed, particu-
larly if swabbing is carried out in an open air, highly polluted
space and without a fully warranted aseptic process. Moreo-
ver, the huge need for swabs to probe citizens for COVID-19
positivity is causing warnings about the possible shortage in
the availability of safer swab kits, endowed with virus inac-
tivating buffers and preservatives. Pre-analytical errors are
more frequent as much with the hasty employment of swab-
bing, particularly in a DTS context. In order to make easier
and safer COVID-19 testing procedures, FDA recommended
that people doing a test be supplied with the proper personal
protective equipment. This must include protective masks,
gowns, gloves, face shields to be worn and be enabled to
conduct efficiently their own swab, a procedure that should
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prevent swabbing shallowly in the nose cavity and carelessly
in the throat (pharyngeal swabbing) [2].

DTS has the disadvantage to be performed in cumber-
some circumstances such as traffic, high polluted environ-
ment with coal dust and diesel engine emissions alongside
with the need to swab and collect the highest amount of sam-
ples very rapidly. Interestingly, engine exhausts with gases
and particulate matters as major emissions are particularly
able to promote and exacerbate pulmonary sickness caused
by viral pathology. In a past report Hahon and colleagues
showed that CD1 white Swiss mice undergoing breathing
of 2 mg/m? of either diesel engine emission (DEE), coal
dust or other pollutants as particulate matters for 1, 3 or
6 months, exhibited pulmonary damage (96.5% with diesel
exhausts) respect to controls with filtered air (61.2%), just
following 3 months exposure. Moreover, a higher influenza
virus growth and an increased haemoagglutinin-antibody
levels following 6 months exposure to particulate matters
were observed [9]. Airborne viruses growth is particularly
susceptible to DEE and particulate matter <10 pm diameter
(PM,,), as reported by Harrod et al. for respiratory sincitial
virus in C57BI/6 ice exposed to 1000 pg/m> DEE or 30 pg/
m’ PM,, for 6 h/day in a week: a dose-response inflamma-
tion rapid enhancement occurred in the lungs [10]. Interest-
ingly, preliminary studies recently reported by Setti e al.,
showed very recently that SARS-CoV-2 viral RNA can be
detected in airborne pollutants, such as PM,, [11]. Despite
the correct observation that these issues are commonly pre-
sent aside from any DTS, the existence of these pre-analyt-
ical factors may hamper the reliability of swabbing and the
subsequent RT-qPCR.

Micro- and nano-particulate matter from engine dust and
industrial waste in a high urbanized environment may con-
tain micro-organisms, whose genomic fragments may bias
the outcome of any drive-thru swabbing [12]. Although fur-
ther airborne pathogens do not seem to interfere with coro-
navirus RT-qPCR test, due to its high analytical specificity
[13], engine-derived nitrogen dioxide (NO,) may cause the
formation of 8-nitroguanosine in the viral genome, i.e., in
viral RNA [14], thus contributing in causing concerns about
the reliability of DTS for a rapid COVID-19 diagnosis in the
asymptomatic population under thorough screening. These
considerations may be crucial for the DTS approach and ask
for further investigation.

Technical Issues About COVID-19 Emergency
RT-qPCR Testing and Related Bias

The ability to reduce the many pre-analytical biases with
DTS depends also on the COVID-19 prevalence in the
population and on the risk to be infected by SARS-CoV-2
and spread the virus in the human community. Therefore,

any evaluation of the actual risk to be infected from SARS-
CoV-2 may adjust the evaluation on how much biased may
be the DTS approach in a test context. The prevalence of
certain pathology in the population affects significantly the
percentage of false positives and false negatives in a test.

DTS serves to reduce and crucially dampen the big con-
cern caused by crowding healthcares with a huge number
of RT-qPCR demands. The COVID-19 emergency is asking
for a thorough mapping of SARS-CoV-2 positive subjects,
in order to test, trace and treat people from COVID-19. In
this paroxysmal policy, tests are lesser and lesser warranting
the highest quality standards of their performance, if carried
out in a hasty fashion. An excellent SARS-CoV-2 RT-qPCR
should have the highest sensitivity, in order to reduce the
amount of false negative subjects, who could infect people
trusting to be negative when they are not. To evaluate the
different performances of SARS-CoV-2 RT-qPCR in emer-
gency (hospitals, high-demand circumstances, and so on),
where the request for a rapid RT-qPCR assay is particularly
burdensome, a Confusion Matrix (SPSS v 24.0) was cal-
culated. In the field of artificial intelligence or computing
calculation, a confusion matrix, which can be also called the
“wrong classification table”, or “error matrix” serves to pro-
vide a representation of the accuracy of a statistical classifi-
cation. In the matrix, each column represents the predicted
values, while each row represents the real values. This con-
tributes in calculating the accuracy and fitness of predictive
values with real or factual data.

Then, a Matthews correlation coefficient (MCC) [15] was
reported on true positive and true negative COVID-19 out-
puts from publicly available data of the Italian Ministry of
Health (https://www.salute.gov.it) and our local University
Hospital in Verona (Italy), The MCC (or @ coefficient) is
used to assess the quality of the binary classification (e.g.,
predicted/real) and is related to the chi square (X? distribu-
tion). It is a kind of measure of the confusion matrix. MCC
has values from O (no correlation, low quality) to 1 (maximal
correlation, highest quality).

According to the evaluation held with data of SARS-
COV-2 positive subjects in Italy collected on April 1st 2020,
the COVID-19 RT-qPCR test might reach a sensitivity of
76.96% (MCC =0.0808). This was quite far from the ana-
lytical sensitivity reported elsewhere [16], if considering
that the whole bulk of positive subjects here investigated
included hospitalized symptomatic subjects, patients in
intensive care units (ICUs) and COVID-19-caused deaths,
though this evaluation accounted on a 53.90% precision (P)
and 54.26% accuracy (A) (F1 score =0.6340). On the con-
trary, if elaborating data from the total amount of positive
subjects only including SARS-CoV-2 positive asympto-
matic and symptomatic subjects, but not hospitalized indi-
viduals, usually quarantined in their homes, we would reach
an 84.87% sensitivity (MCC =0.1798), with (P=66.25%,
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A=63.95%, F1 score=0.7441) [9]. Briefly speaking, SARS-
CoV-2 RT-qPCR is much more sensitive in less compulsive
and anxious situations, most probably because of bias in the
swabbing procedure.

Furthermore, this might suggest that major diagnostic
criteria coming from hospitalization parameters are less
sensitive than RT-qPCR for COVID-19 in capturing SARS-
CoV-2 infected people. This appears quite comprehensi-
ble, if many interstitial pneumonia may be associated with
COVID-19, without having full certainty about its ethi-
opathogenetic cause [17]. Furthermore, when considering
the overall prevalence of the tested and confirmed SARS-
CoV-2 positive subjects at the RT-qPCR, both hospitalized
and not, the predictive positive value (PPV), i.e., the prob-
ability that subjects with a positive screening test truly have
the disease, is 42% (42.0639%), a value that would indicate
that the great bulk of asymptomatic people might include a
great proportion of subjects who are only “purported” to be
COVID-19 infected.

This is the situation within which any swabbing proce-
dure and RT-qPCR test may be set. The analytical perfor-
mance of such tests is another issue to be fully addressed, in
order to highlight the actual effectiveness of RT-qPCR for
SARS-CoV-2 in fulfilling emergency needs.

The RT-qPCR Performance

A recent study from Hallmaier-Wacker et al., has shown that
the investigation about a microbial population in swab sam-
ples is affected by the different choice in storage buffer and
extraction kits rather than in amplification methods [2]. As
regarding buffers, some criticism has been reported for the
use of phosphate balanced buffers (PBS) [2]. As this kind
of buffer stabilizes only certain types of cells, the micro-
bial profile may be altered in a subsequent RT-qPCR assay
[18]. Past reports showed that sodium phosphate in the PCR
transport medium inhibited Taq polymerase [19]. Various
reagents, including RNA-later, in swab performance, may
have a crucial role in ensuring the reliability of a RT-qPCR
test for COVID-19 diagnosis [2].

Anyway, the official test performance usually takes into
account patterns from the report by Corman et al. [20], but
these patterns are not always taken into full consideration.
The commonest expert operator who would like to perform
an in-home RT-qPCR for COVID-19, may go through a
typical “producer instruction”, for example the Diatheva®
detection kit (ref D-MBKO0091) or the Genesig® Real Time
PCR assay from Primedesign™ Ltd, practically simple to
be performed, once endowed with a proper thermocycler
(for example Applied Biosystem® 7500 Real-Time PCR
System, Bio-Rad CFX Connect™ Real-Time PCR Detec-
tion System, or Roche® LightCycler 480 II), and a suited
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laboratory equipment. The operator is aided in performing
the test in an easy, cost effective way, thanks to the very
simple instructions provided by the producer, likewise doing
a simple enzyme-linked immune assay (EIA) test, but this
high feasibility in performing a molecular test may gener-
ate the illusive belief that even swabbing is easy to perform
Many pre-analytical errors, able to disturb the analytical test
performance, occur during the specimen collection and sam-
pling [2]. The existence of these “easy-to-use” bench meth-
odologies is rapidly spreading, due the urgent need to screen
the widest number of purported SARS-CoV-2 positive and
asymptomatic subjects and hence mapping the epidemiology
of a social community to improve further political strate-
gies. However, pre-analytical errors carried over from DTS
with different types of reagents are quite impossible to be
targeted, if kit instructions do not specify the actual chemical
composition of one-step RT-qPCR master mix, COVID-19
primers and probe mix, buffers for resuspension and prepara-
tion, control RNA, and so on.

COVID-19 Prevalence and Infection Risk
in the Test Management: Some Comment

The majority of bias associated with a huge deal of RT-
gqPCR on COVID-19 occurs via the thorough need to screen
asymptomatic subjects purported to bear potential infectiv-
ity. As indicated above, the amount of biases is closely asso-
ciated with the prevalence of the tested pathology.
Therefore, how many asymptomatic individuals are truly
positive to the SARS-CoV-2 presence? Recent reports have
elucidated that the average duration from the onset of any
symptom to death in Chinese people is 17.8 days (95% cred-
ible interval [¢sCrl] =16.9-19.2), with a crude lethality ratio
of 3.67% ([¢sCrI]=3.56-3.80), but that these values, being
adjusted onto different ages, amounted to a lethality rate of
0.32% ([45Crl] =0.27-0.38) for people <60 years and 6.4%
([95Crl]1 =5.7-7.2) for people >60 years and even 13.4%
([9sCrI]=11.2-15.9) in people aged more than 80 years [21].
The odds ratio (OR) allows researcher to use statistics (or
probabilities) in order to evaluate the strength of an associa-
tion between two variables, so to express a qualitative deci-
sion on a certain trend, for example calculating how much
people died for COVID-19 “because” of COVID-19. The
OR is therefore a measure of the probability rate between
two variables to evaluate their statistical correlation, indi-
cating no correlation. If the OR value is equal to 1, then
it means that the exposure odds in healthy people is equal
to the exposure odds in patients, i.e., the risk factor does
not affect the appearance of the disease. If the OR value
is greater than 1, the risk factor may be implicated in the
appearance of the disease; if the OR value is less than 1 the
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risk factor is showing actually a defense mechanism against
the disease.

In Italy, during the period January 1st-March 31st 2019 a
total number of 185.967 people died for reasons very proba-
bly far from SARS-CoV-2 infection, as COVID-19 occurred
in 2020 (data from the Government Institute of Statistics
ISTAT, https://demo.istat.it/index.html). Taking into consid-
eration the bulk of death in the same period in 2020 (data
from the Italian Ministry of Health), the OR value for deaths
caused by COVID-19 is 2.341364 (Cly5=2.295-2.389), so,
with OR >1.0, deaths are more likely to occur in SARS-
CoV-2 confirmed positive subjects by swabbing them. Inter-
estingly, among people diagnosed as SARS-CoV-2 positive
by the swab RT-qPCR test, an OR>1 (OR=13.421005,
Clys=13.174-13.672) indicates that swab tests are more
likely to be positive in symptomatic subjects (calculated on
data from Ministry of Health April 7th 2020, https://www.
salute.gov.it/portale/nuovocoronavirus/dettaglioNotizieNuov
oCoronavirus.jsp?lingua=italiano&menu=notizie&p=dalmi
nistero&id=4417).

Mortality distribution was very similar to the
aforementioned data on Chinese population (14.2%,
[osCrI] =13.6-15.4, for people aged >81 years) [21]. The
highly debated initial WHO decision to swab only sympto-
matic, sick people was correct whereas instead of running
a policy aimed at thoroughly swabbing anyone without any
apparent symptom of COVID-19, a best practical approach
might be to swab thoroughly people aged more than 61 years
old and possibly isolate them, even from intra-family con-
tacts [22-24].

This proper evaluation about the dynamics with which
viral spreading is occurring within the population, causing
symptomatic, sick and hospitalized patients, is particularly
crucial to forecast the numerous biases occurring during
rapid and easy-to-perform swabbing approaches also on
asymptomatic people.

Conclusions

Some fundamental issues have to be further debated in the
scientific community regarding RT-qPCR tests by thor-
oughly swabbing any people in a social community. First,
pre-analytical bias could frequently occur in those circum-
stances, such as DTS, where good laboratory practices are
dismissed because of hasty process, environmental pollu-
tion mainly due to engine exhausts, but also for chemical
reagents used in the test, scarcely equipped performances
and poorly warranted portable mini-labs. Second, poor han-
dling procedures in circumstances with low prevalence of
COVID-19, may greatly affect the analytical performance
of a RT-qPCR test, particularly if carried on asymptomatic
subjects. Expanding the debate on the best attitude to be held

in performing swabs is crucial for COVID-19 diagnosis and
for addressing the pandemic.
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