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Summary

The new coronavirus — SARS-CoV-2 infections have recently become the main epidemiological
and clinical challenge worldwide (Poland included). This article is based on the presentation
entitled “Hematology and transfusion medicine and COVID-19” given/conferred during the
webinar in May 2020. The aim was to introduce the procedure for diagnosing the new corona-
virus nfection. The procedure highlights the aspects of the pre-analytical and analytical phase
that are critical for the quality of the performed tests and affected by both the commissioning
and test-performing personnel. On the basis of current literature, further recommendations for
the improvement of molecular diagnostics of SARS-CoV-2 are also presented.

Key words: SARS-CoV-2, RT-PCR, diagnosis

Introduction

This article is based on “Hematology and
transfusion medicine and COVID-19” — a pre-
sentation given/conferred during the webinar
which took place on May 28, 2020. The text
has been supplemented with a number of more
detailed information on SARS-CoV-2 RNA de-
tection tests. The aim of the article was to bring
the reader closer to the diagnostic procedure
for the new coronavirus infection. It does not
however go into details of the principles of
optimal performance at all stages of laboratory
testing — these are set forward in both national
and international recommendations [1-3]. The
authors draw attention to the critical moments
of the pre-analytical and analytical testing phase
that are crucial for the quality of the performed
tests and are affected both by the test ordering
and test-performing personnel. Further recom-
mendations for the improvement of molecular
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diagnostics of SARS-CoV-2 are also presented,
as based on contemporary literature.

Why is the diagnosis of the new coronavirus in-
fection of such significance for hematology? Mainly
because hematological clinics and out patients
treatment centers take in patients with weaker
immune system from neoplastic therapy, hema-
topoietic cell transplants as well as patients with
immunodeficiency due to other underlying medical
conditions. These patients are at increased/high
risk of severe illness from the virus that causes
covid-19 [4].

Molecular diagnostics for covid-19

Molecular diagnostics is fundamental for diag-
nosis of confirmed SARS-CoV-2 infection. Accord-
ing to national and international recommendations
as well as literature references the reliability of test
results depends on the type of biological material
and collection method [1-3].
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SARS-CoV-2 RNA appears in the biological
material collected from respiratory tract even
before clinical symptoms are observed. A positive
test result can be expected approximately a week
of infection but the results largely depend on the
biological material which is under analysis. The
virus appears to first infect the individual at the
nasopharyngeal tract and it remains there for rel-
atively long — for up to 5-6 weeks therefore viral
RNA is first accessible at this site. Approximately
at the time virus RNA appears in the respiratory
tract but disappears after 2-3 weeks. In sputum
and BAL virus RNA appears slightly later, at
a time when first clinical symptoms manifest
(sometimes earlier), and remains there longer
than in biological material collected from other
regions of the respiratory tract. Virus RNA is also
detectable in feces/stool, where it may persist for
a very long time, in the sperm of infected men,
and occasionally in blood [1, 2, 5]. From the diag-
nostic point of view however, biological material
other than that collected from respiratory tract is
of little importance.

The method of SARS-CoV-2 RNA detection
recommended by Polish and international guide-
lines is reverse transcription real-time polymerase
chain reaction. It should be kept in mind however
that available on the market are also tests based
on other technologies of genetic material ampli-
fication, eg. transcription-mediated amplification
which are comparable to tests based on the PCR
method in terms of sensitivity and efficiency (test
cases per hour) [6-8].

RNA test cycle lasts 3—4 hours for most of the
current tests and involves: nucleic acids extraction,
amplification of genomic fragments and internal
control [1, 3, 5, 8]. Every clinician dreams of easy
access to rapid diagnostic molecular tests for
covid-19. On the market there are tests that pro-
vide results in less than 1.5 hours. So far however,
relatively little is known about their sensitivity and
specificity [9, 10].

At present, the DNA sequencing technology,
including next generation sequencing (NGS)
has a merely cognitive value due to high costs,
access to high-tech equipment and qualified
personnel [10, 11].

When SARS-CoV-2 infection is suspected, the
key issue is to decide where molecular testing is to
be performed. The list of laboratories authorized
to perform molecular diagnostics of the new coro-
navirus is available at the website of the Ministry
of Health [12]. According to December 2020 data,
the list includes 269 such diagnostic laboratories
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all of which must meet the appropriate biosafety
criteria for BSL2 laboratories (employees are
required to have appropriate personal protective
equipment, tests are subject to quality control,
including preliminary assessment of the accuracy
of positive and negative results). The highest safety
and quality standards are met by laboratories that
perform nucleic acids extractions with fully auto-
mated methods.

Pursuant to the decree of the Council of Minis-
ters of May 16, 2020, the laboratories contracted by
the National Health Fund to perform SARS-CoV-2
RNA testing are obliged to accept electronic orders
through the EWP electronic system [13] in which
case submission of paper orders is not mandatory.
This procedure however may induce pre-analytical
errors caused by illegible data on tubes with mate-
rial samples. To reduce such error risk, it is useful
to have a simplified list of samples.

Appropriate collection of analytical ma-
terial — key stage of the diagnostic process.
A comprehensive/in depth description of the
appropriate procedure for this stage is presented
in the national recommendations developed by
the National Consultant in Medical Microbiology
(prof. Katarzyna Dzierzanowska-Fangrat) as well
as regional consultants in medical microbiology
and available on the internet [2]. It is worth noting
that the type of material collected from the respi-
ratory tract depends on many factors (symptoms
and clinical condition of the patient, access to
analytical material). The preferred material for
testing is nasopharyngeal swab (simultaneous tak-
en from the throat and nasal mucosa). It is equally
important to use proper swabs. Swabs with viral
transport medium, although it is also acceptable
to use phosphate — buffered saline (PBS). An
excellent choice are dacron, rayon and silk swabs.
Calcium alginate swabs are not recommended. In
consideration of personnel safety, following collec-
tion of material from the patient, the swab should
be broken at maximum 2/3 of tube-length, placed
inside the tube and the tube tightly closed. If the
swab is too long and in contact with the stopper,
it may straighten abruptly while the tube is being
opened and the biological material may spill out
exposing the laboratory technician/diagnostician
to infectious material.

According to WHO criteria, detection of a frag-
ment of one virus gene is sufficient to confirm the
infection in the area with community circulating
virus [3]. The Polish criteria are more stringent as
they impose detection of fragments of at least two
different SARS-CoV-2 genes [2]. In the Depart-

https://journals.viamedica.pl/journal_of transfusion_medicine 11



Journal of Transfusion Medicine 2021, vol. 14, no. 1

ment of Virology of the Institute of Hematology and
Transfusion Medicine IHTM), COVID 19 diagnos-
tics is performed on the LightCycler 480 Instru-
ment I thermal cycler (Roche Diagnostics) which
analizes nucleic acids extracted in the EMAG® au-
tomatic apparatus (Fig. 1). Amplification using the
SARS-COV-2 R-GENE® test allows for simultane-
ous checking of the presence of fragments of two
viral genes — the gene encoding nucleocapsid (N)
protein and the gene encoding the RNA-dependent
RNA polymerase (RdRp) protein. For the result to
be valid, it is necessary to obtain a positive result
of the internal extraction and inhibition control of
the sample that is added to the analytical material
during nucleic acids extraction. In the absence of
amplification of both regions of the virus — N and
RdRp, a negative result is obtained while amplifi-
cation of both regions indicates infection. Either

eMag

|

Light Cycler 480 Instrument I

way the diagnostic procedure is completed. When
amplification of only one of the two regions occurs,
it is necessary to perform another PCR reaction,
in which two genes are amplified — a fragment of
the region coding for the envelope protein (E gene)
and the HPRT1 gene for cell control of the tested
material. A positive result for E gene confirms
Sarbecovirus infection, a negative result indicates
no infection or weak viral load below detection limit
(Table 1) [14].

Interpretation of SARS-CoV-2 RNA test
results

In the light of scientific data, a single result
of the SARS-CoV-2 RNA test does not necessarily
determine the status of the individual. A single
negative result does not exclude infection and

EMAG (bioMérieux) is an effective, fully au-
tomated system for nucleic acid extraction
from primary sample tubes. It minimizes the
occurrence of human errors and offers 2 in-
dependent sections (Left, Right), in each of
which 24 samples can be extracted

LightCycler® 480 instrument Il (Roche) is

a plate-based (96-well plates) real-time PCR
platform which supports mono-or multico-
lor applications for qualitative or quantita-
tive detection, genotyping and analysis of
nucleic acids mutations.

Figure 1. Organization of covid-19 diagnostic test (Department of Virusology IHTM)

12 https://journals.viamedica.pl/journal_of_transfusion_medicine



Piotr Grabarczyk et al., SARS-CoV-2 molecular diagnostics

Table 1. Interpretation of Multiplex Real-Time PCR results; algorithm for results discrepant in screening test

Target value of Ct or ACt [IC1 sample-IC 1TWO0]

N gene + + - -
(539 nm)
IC 1sample —
IC1Wo <3Ctor >3t <3cCt >3t
(560 nm)
RdRp gene + - + -
(670 nm)
INTERPRETATION
SARS-CoV-2 Unequivocal result (recommended test No SARS-CoV-2 Invalid result
detected with PCR2 and/or rerun with PCR1) virus detected (inhibition/weak
(or < LoD) extraction
PCR2 (Sarbecowirus) l l
Target value Ct or ACt [IC1 sample-IC 1WO0]
E gene + - -
(530 nm)
IC 1sample — IC TW0 <3Ctor>3Ct <3Ct > 3Ct
(560 nm)
Cell cycle control + or- <35Ct > 35 Ct lub - + or -
(670 nm)
INTERPRETATION

Sarbecovirus detected

No Sarbecovirus de-
tected (or < LoD)

Invalid result (inhibi-
tion/weak extraction

No cells detected
(news sample testing)

should not be treated as the only diagnostic
criterion, especially when the clinical picture
does suggest COVID-19 infection or the patient
was exposed to close, unprotected contact with
a confirmed case of COVID-19, regardless of the
type and intensity of clinical symptoms. National
recommendations clearly state that hospitalized
patients with negative result in the first molec-
ular test should be tested again if: a) likelihood
of infection based on epidemiological history,
clinical picture and chest imaging is high (the test
should be ordered within 24-48 hrs. of the first
sample collection b) symptoms from the respira-
tory system worsen (the test should be ordered
within 24-48 hrs. of first sample collection and c)
when the patient requires intubation and there
is a chance of collecting material from the lower
respiratory tract.

The indeterminate test result on the other
hand, does not clearly point to infection and a re-
peat test is required after 1-2 days [1, 2, 15].

Tests for SARS-CoV-2 RNA detection

We are currently witnessing unprecedent-
ed, spectacularly intensive production of various
tests — according to January 21™ 2021 records
at least 300 different manual detection tests for
SARS-Cov-2 are available worldwide and about 150
automated procedures. And the number is expect-
ed to grow [16]. The market is flooded with new
products for nucleic acids detection at a pace that
precludes quality assessment. Literature reports on
independent evaluation tests are still scarce [17-19]
so each laboratory should perform validation of the
tests used or rely on independent evaluation.

While choosing a SARS-CoV-2 RNA detection
test the following aspects should be considered.
The COVID-19 molecular diagnostic test must
be equipped with an internal control to allow
assessment of the accuracy of the diagnostic
process which includes nucleic acid extraction
and amplification of genomic fragments. It is also
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advisable to be able to check the procedure of
sample collection. Obtaining the final result when
the result is positive is markedly accelerated by
the simultaneous amplification of at least two re-
gions of the viral genome, and for indeterminate
results, it is good to perform a conclusive test
(second PCR). The choice of a diagnostic test
should be preceded by analysis of the precision of
the test results (repeatability and reproducibility)
(Ct/Cp value, cycle threshold/crossing point) and
analytical sensitivity expressed in cp/ml [copies/
/mL] with a 95% confidence interval. Tests used in
Poland should be CE IVD-marked, although this is
not always a 100% guarantee of quality. Specificity
is yet another key aspect of tests considered for
COVID-19 diagnostics. It is not enough to present
the percentage value of this parameter, but the
manufacturer should present other respiratory
pathogens and substances analyzed for cross-reac-
tions. This evaluation step is crucial as the tests are
used to amplify fragments of the virus genome from
swabs collected from respiratory tract of individuals
with respiratory diseases who often take medication
that may interfere with the amplification of nucleic
acids. The procedure of cross-reaction differentiates
between SARS-CoV-2 and infections with other
pathogens (viruses, bacteria, fungi).

A parameter which is mandatory in all man-
ufacturer manuals is test sensitivity. Manufac-
turers often provide values approximating 100%,
which seems hardly reliable unless the reference
method is specified. It is known for a fact that
the methods used do not detect all SARS-CoV-2
infections, and clinical sensitivity depends on the
stage of disease.

Table 2 presents six molecular-based diag-
nostics tests for SARS-CoV-2, three of them were
used at the Department of Virology IHTM) since
pandemic outbreak up to June 2020. More widely
used were at least: genesig® kit for the detection of
coronavirus (COVID-19) in real-time PCR (Prim-
erdesign Ltd) and Bosphore® Novel Coronavirus
(2019-nCoV) Detection Kit v2 (Anatolia geneworks)
they were distributed by the Central Reserve Base
for laboratories on the COVID-19 List.

Table 2 also includes information on the first
Polish RNA detection tests for the new coronavirus
as well as a test for CoBAS equipment used in Pol-
ish blood transfusion service for massive testing.

Attention should also be paid to the ongoing
research on increasing the throughput of the di-
agnostic procedures; by specimen pooling [20, 21]
and simplification of the nucleic acid extraction
step [22].
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