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KEY POINTS

� The COVID-19 pandemic has led not only to an influx of new molecular diagnostics but
also a drive to modify existing technologies to allow the testing of thousands of patients
daily over a variety of settings.

� The need for rapid turn-around times for severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) testing for public health actions and patient care has led to the necessity for
synchronously using multiple assays and platforms.

� Testing solutions exist for any scale of SARS-CoV-2 testing strategy.

� Overall SARS-CoV-2 molecular diagnostics seem to perform well; however, market satu-
ration has left peer-reviewed real-world data lacking.

� With these new developments, diagnostic testing regulations for SARS-CoV-2 are para-
mount to aid manufacturers in achieving assay performance and for laboratories to use
as a tool alongside local verification to determine the suitability of assays and platforms
for use in future epidemics.
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INTRODUCTION

An emerging viral pneumonia of unknown etiology was detected in patients from
several health care facilities in the city of Wuhan in China on 30 December 2019.1

A novel coronavirus was identified initially termed “2019-nCoV” and designated as
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) with the clinical dis-
ease termed “coronavirus infectious disease-19” (COVID-19).2–5 It has overwhelmed
health care systems globally due to rapid asymptomatic spread and lethality leading
the World Health Organization (WHO) to declare a COVID-19 pandemic on 11 March
2020.6–8

CLASSIFICATION OF SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2,
VIRION, AND GENOME

SARS-CoV-2 is a betacoronavirus and one of the seven known members of the Coro-
naviridae family.4,9 It is an enveloped positive-strand RNA virus (single linear RNA
segment) with a genome length of 29,881 bp (GenBank no. MN908947). Its genome
has 14 open reading frames (ORFs), which encode for 28 different proteins—4 struc-
tural proteins such as the S (spike), E (envelope), M (membrane), and N (nucleocapsid)
proteins; 16 nonstructural proteins (NSP 1–16); and 8 accessory proteins as shown in
Table 1.10

Thegenomecommenceswith a 50 untranslated region (UTR), then the replication com-
plex (ORF1a andORF1b) followedby the four structural proteins and 30 UTR, endingwith
nonstructural ORFs and a poly(A) tail.10,11 ORF1a contains 10 NSPs, while ORF1b con-
tains 16 NSPs. The combination of ORF1a and ORF1b codes for polyproteins pp1a
and pp1b that form the viral replication complex.10,11 Structurally, the RNA genome is
bound by the N protein, while the S, E, and M proteins together create the double-
layered lipid viral envelope. The principle genes of diagnostic significance are the
RdRp (NSP-12), variousORF1ab regions, and the viral structural proteins (S, E, and N).10

HISTORY OF SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2
MOLECULAR DIAGNOSTICS

The early sequencing of the SARS-CoV-2 genome and subsequent distribution of the
genome sequence via Global Initiative on Sharing Avian InfluenzaData (GISAID) enabled
the development of nucleic acid amplification tests (NAATs), which became the corner-
stone for the diagnosis of SARS-CoV-2. Although that is not the only molecular diag-
nostic technique, real-time polymerase chain reaction (RT-PCR) has become the
mainstay across Europe with only limited use of other molecular techniques such as
transcription-mediated amplification (TMA) or CRISPR.12,13 One of the first published
RT-PCR assays originated from Europe in January 2020 with primer probe sets target-
ing the E, N, and RdRp genes.14 The RdRp assay included a Pan Sarbecco probe that
detected SARS-CoV-1, SARS-CoV-2, and Bat-SARS-related-CoV with a second probe
specific to SARS-CoV-2 leading to the recommendation of using the E gene assay as
the first-line screening tool, followed by confirmatory testing with the RdRp gene
assay.14 A further assay was quickly developed by the Centers for Disease Control
and Prevention (CDC) targeting multiple regions of the N gene, which has become
the baseline assay for several commercially available molecular diagnostic tests.15–18

DIAGNOSTIC TESTING REGULATIONS IN EUROPE

At the start of theCOVIDpandemic, in vitromedical devices (IVD), includingNAAT-based
systems and assays, needed to comply with European Union Directive 98/79/EC In Vitro



Table 1
Table showing SARS-CoV-2 structural and nonstructural proteins and their respective
functions

Gene Protein Function References

Structural protein

Spike (S) S Binds to Angiotensin-Converting Enzyme 2 (ACE2)
receptor and
heparan sulfate
for viral entry

111

Envelope (E) E Virion structure 112

Membrane
(M)

M Virion structure 112

Nucleocapsid
(N)

N Contains genome;
interferes with translation
and cell cycle of the host cell.

113

Nonstructural protein (NSP)

ORF1a ORF1b NSP-1 RNA processing and replication 114
NSP-2 Modulation of survival

signaling pathway of host cell
115

NSP-3 Possibly separates translated
protein

116

NSP-4 Contains transmembrane
domain 2 (TM2) and
modifies ER membranes

117

NSP-5 Polyprotein replication 118
NSP-6 Presumptive transmembrane

domain
119

NSP- 7
and NSP-8

Increases the combination
of NSP-12 and
template-primer RNA

120

NSP-9 ssRNA-binding protein 120
NSP-10 Cap methylation of viral mRNAs 121
NSP-11 Unknown 122
NSP-12 RNA-dependent RNA

polymerase (RdRp)
123

NSP-13 Binds with ATP and the
zinc-binding domain - required
for replication and transcription

124

NSP-14 Proofreading exoribonuclease
domain

125

NSP-15 Mn(21)-dependent
endoribonuclease activity

126

NSP-16 20-O-ribose methyltransferase 127
ORF 3a Ion channel protein—affected

cytokine response
128

ORF 6 Inhibits antiviral interferon
response

129

ORF 7a Inhibits antiviral interferon
response and STAT1
phosphorylation

130

ORF 7b Inhibits antiviral interferon
response, STAT1, and STAT2
phosphorylation

121

ORF 8 Inhibits antiviral interferon
response

131

This table also breaks down the components of orf1ab complex.
(Adapted from Suryawanshi and colleagues 122 (2021) and Wang and colleagues 132 (2020)).
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DiagnosticDirective (IVDD) andbearaConformitè Europëenne (CE) symbol asproof, to
bemarketed inEuropeanUnion (EU) andEuropeanFreeTradeAssociation countries and
Turkey and theUnitedKingdom.19,20 CEmarking required themanufacturer to have veri-
fied compliance with legal requirements and prepared an EC declaration of conformity
containing the device performance and safety data.21 This allowed the device to be CE
marked if it was intended for use by health care professionals although specific national
requirementsmay also have been required.19 Although theUnitedKingdom left the EU in
2020, itwill still acceptCE-markedkitsuntil 2023when theUKConformityAssessedmark
will be required to market IVDs in the United Kingdom.22 Under Directive 98/79/EC, de-
vicescouldalsobegrantedemergencymarket access in the interest of healthprotection,
suchas in theCOVID-19pandemic; this requiredaderogation tobe issuedby thecompe-
tent authority of a country allowing temporary marketing of a device without a full decla-
ration of conformity, which was valid only for that nation.19,21

As of May 2021, Directive 98/79/EC was replaced in the EU by Regulation (EU)
2017/746, which expands the risk-based device classification system alongside a
requirement for device assessment by independent third parties and confirmation
of test performance by EU reference laboratories before a CE mark is awarded.23

All products currently on the market that comply with the old legislation will have
to recertify according to the new regulations.23,24 Regulation (EU) 2017/746 still al-
lows the national emergency market access of IVDs in the interest of protection of
health if the derogation is issued by the country’s competent authority.23 This
change in regulation brings CE marking more in line with the more stringent Food
and Drug Administration (FDA) approval process, which requires devices to be
tested by clinical trial and licensed only for use in specific circumstances.25 On
17 June 2021, the UK government announced the intention to introduce a manda-
tory validation scheme initially for COVID-19 diagnostics to expand to cover all de-
vices sold in the United Kingdom. This process would require manufacturers to
provide a minimum set of standard performance data, which would undergo inde-
pendent verification by specially commissioned laboratories. If successfully intro-
duced, it would be a criminal offense to market devices that have failed or not
undergone this mandatory validation in the United Kingdom under the Medicines
and Medical Devices Act 2021.26

The above pieces of legislation along with the European Commission’s guidelines
for the Current Performance of COVID-19 Test Methods and Devices and Proposed
Performance Criteria state the performance characteristics for IVDs, which includes
but is not limited to analytical and diagnostic sensitivity and specificity, limits of detec-
tion (LODs), and expected values in normal and affected populations.19,23,27 No
required values for these characteristics are published in these documents although
common specifications are planned.24 A list of CE-marked COVID-19 IVDs is main-
tained at the European commission’s Joint Research Centre In Vitro Diagnostic De-
vices and Test Methods Database.28 As of 08/06/2021 325 CE-marked NAATs exist
in this database originating from 240 unique manufacturers with 31 countries of origin.
This database lacks key performance criteria for a significant number of entries
including 120 tests with no stated LOD, 226 with no analytical sensitivity, 209 with
no analytical specificity, and 200 with no clinical accuracy data. The entrance of
many nontraditional manufacturers to the market has fueled a lack of peer-reviewed
publications that make assessment of real-world performance difficult. An improved
and standardized approach to market regulations would be welcomed as at present
local validations/verifications of diagnostics are hugely important in ensuring the suit-
ability of test selection for the intended purpose.

arxiv:FDA
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In addition to CE marking, the WHO and national bodies such as the UK Medicines
and Healthcare products Regulatory Agency (MHRA) have published target product
profiles (TPPs) that outline performance characteristics that a test must meet to be
considered successful for its intended use.29–32 WHO andMHRA TPPs outline “accept-
able” and “desirable” characteristics including ranges for parameters such as analytical
sensitivity/LOD and clinical sensitivity.29–31 These documents are not legally binding but
were developed to aid manufacturers in achieving assay performance that would be
desired for use in the field. Equally these documents can be used by laboratories as
a tool alongside local verification to determine the suitability of an assay for use. A se-
lection of characteristics for NAAT-based tests is listed inTables 2 and 3with theMHRA
TPP showing much stricter acceptable criteria than the WHO criteria recommended for
adoption by European Centre for Disease Prevention and Control (ECDC).29–31,33

SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2 MOLECULAR
DIAGNOSTICS

The scale of testing required to manage the SARS-COV-2 pandemic has been un-
precedented with extensive yet flexible testing strategies being key to protecting
public health through prompt isolation of cases.33,34 The United Kingdom has under-
taken a dual-arm approach to testing with twice weekly at home rapid antigen tests
being freely available and actively encouraged in the asymptomatic general popula-
tion and in laboratory NAAT being used for more sensitive screening of all hospital
admissions including day case and those with symptoms consistent with COVID-
19.35,36 The ECDC not only recommends the use of NAAT for all symptomatic cases
but also acknowledges the role for rapid antigen tests in population screening.33,34

The use of sensitive molecular diagnostic assays is important to the control of trans-
mission. If SARS-CoV-2 infection is allowed to spread unchecked, the emergence of
novel variants is likely to be enhanced as mutations in key genes continue to accu-
mulate as part of the natural error-prone replication of RNA viruses. As mutations
accumulate, it is not only possible that they can lead to increased pathogenicity or
vaccine escape, but that they may also lead to detection failures in well-
established diagnostic assays. It is now recommended that the presence of
SARS-CoV-2 in clinical samples is determined through the detection of at least
two distinct targets to mitigate this risk. The observation of the ThermoFisher S
gene PCR assay failure in the United Kingdom for the B.1.1.7 Alpha variant, which
would have led to significant numbers of false-negative tests being reported if this
was being used as a single target assay, highlights the importance of a multi-target
approach.37

To achieve testing on such an immense scale testing, a diverse approach has been
required with laboratories often using multiple assays and platforms in unison. The
following is by no means an extensive review of all diagnostic assays used in Europe
but aims to provide an overview of some of the most common. Rapid antigen near pa-
tient point of care and isothermal amplification techniques are outside the scope of
this review but will be covered elsewhere in this Clinics edition.

RAPID MOLECULAR DIAGNOSTICS

Rapid, commercial, cartridge-based sample-to-answer molecular diagnostic plat-
forms for the detection of SARS-CoV-2 have fulfilled an important niche in point-of-
care settings and clinical laboratories. They are simple to use, provide accurate results
within 1–2 h, have minimal hands-on time, and permit on-demand testing of urgent
specimens.



Table 2
Selected target product profile characteristics for point-of-care SAR-CoV-2 detection tests

World Health Organization Medicines and Healthcare Products Regulatory Agency

Scope Desired Acceptable Desired Acceptable

Intended use In areas with confirmed SAR-CoV-2 community-wide
transmission. In suspected outbreak situations and
to monitor trends in disease incidence.

Aid in the triage of current
SARS-CoV-2 infection
during active infection.

Aid in the triage of current
SARS-CoV-2 infection during the
acute phase of infection.

Target population Patients with acute or subacute respiratory symptoms;
suspicious symptoms and contact with confirmed or
probable case/living in the area of cluster/community
transmission.

People with/without SARS-CoV-2
clinical signs and symptoms if
testing appropriate.

People with clinical signs
and symptoms associated with
SAR-CoV-2 infection.

Target user/
settings

Trained staff in health care
facilities or community
level or self-administrated.

Trained staff in
health care facilities.

Trained health care professional (governed by professional standards
authority). In primary/secondary/community health care settings
and nonhealth care settings.

Target analyte SARS-CoV-2 only biomarker,
for example, RNA,
protein/antigen.

SARS-CoV-2 only biomarker.
Assumption SARS-CoV-1
not circulating

Dual (or more) SARS-CoV-2
RNA or antigen targets.

Single (or more) SARS-CoV-2
RNA or antigen target.

Target type Anterior nares, saliva/oral
fluid, sputum

NP or OP or nasal swab,
nasal wash, sputum

Sputum, saliva, or other
method not using invasive swab

NP or OP, lower respiratory tract
aspirate, BAL, nasopharyngeal
wash/aspirate or nasal aspirate

Clinical sensitivity �90% �80% >97% within confidence
intervals of 93–100% a

>80% within 95% confidence
intervals of 93–100%a

Clinical specificity �99% �97% >99% within confidence
intervals of 97–100%b

>95% within 95% confidence
intervals of 90–100%b

Analytical
sensitivity (LOD)

1 � 104 copies
per ml or Ctz>30

1 � 106 copies per ml
or Ct z 25–30

<100 SARS-CoV-2 copies/ml <1000 SARS-CoV-2 copies/ml

Technical
Failure rate

� 0.5% < 2% < 1% < 5%

Turnaround time � 20 min � 40 min < 30 min < 2 h

Throughput � 10/h per operator � 5/h per operator > 100 tests per unit per 12 h > 6 tests per unit per 12 h

Abbreviations: BAL, bronchoalveolar; LOD, limit of detection; NP, nasopharyngeal swab; OP, oropharyngeal swab; Ct, Cycle threshold.
a Determined using at least 150 positive clinical samples covering a clinically meaningful range of viral loads.
b Determined using at least 250 negative clinical samples.
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Table 3
Selected target product profile characteristics for high- and low-throughput diagnostic SAR-CoV-2 detection testing

World Health Organization Medicines and Healthcare Products Regulatory Agency

Scope Desired Acceptable Desired Acceptable

Intended
use

To detect the presence of virus components to diagnose or
confirm acute and subacute SARS-CoV-2 infection.

Multiplex—determining current
infection by detecting SARS-CoV-2
virus, differentiate other respiratory
infections.

Determining
current infection by
detecting SARS-CoV-2 virus.

Target
population

Patients with acute or subacute respiratory symptoms;
suspicious symptoms and contact with confirmed or
probable case/living in the area of cluster/community
transmission.

People with/without clinical signs
associated with SARS-CoV-2 infection.

People with clinical signs
associated with
SAR-CoV-2 infection.

Target
settings/
users

High volume: reference laboratories/district hospitals/
mobile laboratories. Laboratory technicians. Low
volume: outpatient clinics, point of care or near-patient
settings. Laboratory technicians/health care workers.

Health care and medical laboratories. Trained health care professional
(governed by professional standards authority) and suitably trained and
assessed lab technician or scientist.

Target
analyte

Must have at least one target specific for SARS-CoV-2 RNA
or protein/antigen.

Dual (or more) SARS-CoV-2 RNA.
Multiplex panel for a range of
infectious respiratory viruses.

Single SARS-CoV-2 RNA.

Target type Samples amenable to
self-collection:
saliva/oral fluid,
stool; inactivated
samples.

NP or OP or nasal swab. Washes-nasal,
oropharyngeal, BAL. Sputum

Oral fluid NP or OP, lower respiratory
tract aspirate, BAL,
nasopharyngeal
wash/aspirate,
or nasal aspirate.

Clinical
sensitivity

�98% �95% >99%. 95% two-sided
confidence interval > 97%a

>95%. 95% two-sided
confidence interval > 90%a

Clinical
specificity

�99% �99% >99%. 95% two-sided
confidence interval > 97%b

>95%. 95% two-sided
confidence interval > 90%b

Analytical
sensitivity
(LOD)

1 � 102 copies
per ml in
upper/lower
respiratory tract
specimens, stool

1 � 103 copies per ml in any
respiratory tract specimen.

�100 SARS-CoV-2 copies/ml �1000 SARS-CoV-2 copies/ml

(continued on next page)
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Table 3
(continued )

World Health Organization Medicines and Healthcare Products Regulatory Agency

Scope Desired Acceptable Desired Acceptable

Technical
failure
rate

NA NA <0.2% <1%

Turnaround
time

< 45 min < 4 h < 90 min < 5 h

Throughput High volume:
200–500 tests
in 4 h.
Low Volume:
6 patients
in 45 min

High volume:
50–150 tests in
4 h. Low volume:
1–4 patients per 45 min

> 200 tests in unit per 4 h > 50 tests in unit per 4 h

Abbreviations: BAL, bronchoalveolar; LOD, limit of detection; NP, nasopharyngeal swab; OP, oropharyngeal swab.
a Determined using at least 150 positive clinical samples covering a clinically meaningful range of viral loads.
b Determined using at least 250 negative clinical samples.
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Table 4
An overview of rapid, cartridge-based, sample to answer SARS-CoV-2 molecular tests

Test Name Manufacturer Target 1
Target
2 Internal Control Platform

Maximum
Sample Capacity

Platform
Run Time
(min)

Sample
Input
Volume
(uL)

Xpert Xpress SARS-CoV-2
Xpert Xpress SARS-CoV-2/Flu/RSV

Cepheid N2 E Manufacturer SPC GeneXpert Dx and
GeneXpert Infinity

2–16 (Dx) or Up to
80 (Infinity)

45 300

BioFire� Respiratory
Panel 2.1 plus (RP2.1 plus)

BioMerieux S M
Schizosaccharomyces

pombe

FilmArray 2.0 and
FilmArray Torch

2–12 45 300

Cobas Liat SARS-CoV-2
and Influenza A/B

Roche ORF1 a/b N Manufacturer SPC Cobas Liat 1 20 200

Novodiag COVID-19 MobiDiag ORF1 a/b N RNAse P and
Manufacturer SPC

Novodiag 4–16 60 500

VitaPCR SARS-CoV-2
VitaPCR SARS-CoV-2/Flu AB

Credo Diagnostics
Biomedical Pte

N N b-globin VitaPCR 1 20 30a

Aries SARS-CoV-2 Luminex ORF1a/b N RNAse P Aries 12 120 200

GenomEra SARS-CoV-2
GenomEra SARS-CoV-2,

Flu A/B1 RSV

Abacus
Diagnostica

RdRP Eb MS2 GenomEra CDX 4 70 35c

QIAstat-Dx Respiratory
SARS-CoV-2 Panel

Qiagen ORF1 a/b
(RdRp)

E MS2 QIAstat Dx Analyzer 1 70 300

GenMark ePlex SARS-CoV-2
GenMark ePLex Respiratory

Pathogen Panel 2 (RP2)

GenMark Dx N N Manufacturer SPC ePlex 3 (ePlex NP) to 24
(ePlex 4 Tower)

90 200

Abbreviations: N, nucleocapsid; E, envelope protein; S, spike glycoprotein; M, membrane protein; ORF1 a/b, open reading frame 1 a/b; RdRP, RNA-dependent RNA
polymerase; SPC, sample process control.

a 30 uL lysate (lysis buffer containing sample).
b GenomEra SARS-CoV-2 contains E gene. GenomEra SARS-CoV-2, Flu A/B1 RSV contains only RdRP.
c 50 uL of sample is heated and mixed with 1 mL of lysis buffer, after which 35 uL of processed sample is loaded onto the test chip.
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An overview of the main sample-to-answer platforms is presented in Table 4. These
single-use tests often automate nucleic acid extraction, purification, amplification,
detection, and interpretation of results. All the platforms presented are internally
controlled yet only three use an endogenous sample control, which monitors for an
adequately taken sample and sample degradation. Independent studies evaluating
the performance of rapid RT-PCR tests have varied with few head-to-head compari-
sons although evaluations of these platforms are more extensively published due to
their widespread use in non-specialist laboratories.
Unlike other applications, the rapid testing platforms exhibit significant variation in

the technologies used. Cepheid Xpert Xpress, QiaStatDx, and VitaPCR SARS-CoV-
2 rely on classic multiplex RT-PCR. Novodiag COVID-1938 is unique in its use of
qPCR and microarray technology for the detection of SARS-CoV-2. GenomEra
SARS-CoV-239 and GenomEra SARS-CoV-2 with Flu A/B1 RSV40 use multiplex RT-
PCR performed on chips. BioFire Respiratory Panel 2.1 plus (RP2.1plus)41 achieves
extensive multiplexing through an initial RT-PCR step before target amplification using
numerous monoplex PCR reactions, which are detected using endpoint melt curve
analysis. GenMark ePlex SARS-CoV-242 and GenMark ePlex Respiratory Pathogen
Panel 2 (RP2)43 use RT-PCR in combination with electrowetting and GenMark’s eSen-
sor technology involving electrochemical detection rather than optical detection of
fluorescence.
Aside from the variation in technologies, the rapid testing platforms also offer detec-

tion of the widest range of pathogens. With the exception of Luminex Aries, SARS-
CoV-2 can be detected in isolation or in combination with influenza as a minimum.44,45

BioFire RP2.1plus41 detects 23 respiratory pathogens, GenMark ePlex RP243 detects
25 respiratory pathogens, and the QIAstat-Dx Respiratory SARS-CoV-2 Panel46 de-
tects 22 respiratory pathogens.
Xpert Xpress SARS-CoV-247 is the most widely evaluated rapid test with a recent

systematic review and meta-analysis encompassing 1734 subjects determining a
pooled sensitivity of 99% (97–99, 95% CI) and a specificity of 97% (95–98, 95%
CI).48 Reported sensitivities for other platforms range from 90 to 100% with particular
issues noted for samples with high cycle threshold (Ct) values in some studies.45,49–52

Fitoussi and colleagues (2021)49 found a VitaPCR SARS-CoV-2 sensitivity of 60% for
samples that were positive at Ct > 33 using a comparator N gene assay; however,
VitaPCR involves no formal RNA extraction and purification that may account for
this poor performance.49 All tests in Table 4 were shown to be near 100% specific
except for the VitaPCR SARS-CoV-2 and QIAstat-Dx.45,52 The VitaPCR gave a spec-
ificity of 94.7% in one study due to its increased sensitivity over the comparator assay,
and a second study showed an improved sensitivity of 99%.45,49 The QIAStat-Dx gave
a specificity of 93% compared with a WHO-recommended RT-PCR.52

Evaluations often used small sample sets, due to a limited availability of reagents
and used various SARS-CoV-2 reference controls, making LOD comparisons difficult.
Reported LODs varied from 100 copies/ml for Xpert Xpress SARS-CoV-2 to 3000
genome copy equivalents for the Aries SARS-CoV-2.53 Several platforms fail to
achieve the MHRA TPP “acceptable” LOD criteria of 1000 copies/ml; GenomEra
SARS-CoV-2, Flu A/B1 RSV at 2857 copies/mL,40 Novodiag COVID-1938 at 1815
copies/mL when using collection devices other than the provided medium nucleic
acid amplification test;54 and both the GenMark ePlex SARS-CoV-242 and the
QIAstat-Dx Respiratory SARS-CoV-2 Panel46 at 1000 copies/ml.
The main limitations of the rapid sample-to-answer platforms include their high cost

per test and low sample throughput. Moreover, despite their low complexity, rapid
platforms are not infallible, and they are sensitive molecular tests that can be
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compromised without meticulous sample processing and good laboratory practice.
Notably, BioFire and ePlex platforms do not output Ct values, meaning there is no indi-
cation of SARS-CoV-2 viral burden that can be of interest to the clinician as higher viral
loads have been associated with increased SARS-CoV-2 mortality.55
STAND-ALONE REAL-TIME POLYMERASE CHAIN REACTION KITS

One of the biggest barriers to the implementation of SARS-CoV-2 testing in non-
specialist laboratories early in the pandemic was the availability of the correct equip-
ment to enable the rapid introduction of testing. The solution to this problem for many
manufacturers was the rapid introduction to the market of stand-alone assays encom-
passing kits, which include the reagents necessary for reverse-transcription PCR,
including controls, but that are not tied to a specific extraction or PCR platform.
They offer flexibility over more “closed” systems as they can potentially be run on
existing instrumentation, precluding the requirement for purchasing new and often
expensive equipment. Use of such reagents requires more extensive validation than
end-to-end systems, and the onus on providing this validation, including sample prep-
aration and the compatibility of any instrumentation with a particular kit, will fall on the
individual laboratory. Some suppliers provide details of compatible platforms, but
many do not, and it is this lack of data that have allowed many substandard kits to
enter the market. Over 200 CE-marked manual RT-PCR kits are listed on the
COVID-19 In Vitro Diagnostic Medical Devices database,28 a selection of which are
shown in Table 5 along with some of their main attributes.18,56–73

Kit formats are broadly similar and include minimal necessary reagents (primer/
probe mixes, controls). Reagents may be provided either lyophilized or “wet” most
commonly in tubes but also as eight-well strips. Although earlier kits relied on a single
viral gene target, these have now been largely superseded by dual or triple target as-
says that focus on some combination of the E, N, S, and Orf1a genes. Although this
has made the assays more robust in dealing with the emergence of novel SARS-
CoV-2 variants, it has also complicated the interpretation of results when some
gene targets fail to amplify. Furthermore, most kits supply an internal control (IC),
which may be either endogenous (eg RNase P)18,58,64,65,71 or exogenous (eg
MS2),62,63,68 which can be used either as full process controls or solely as PCR con-
trols. Some kits include both endogenous and exogenous ICs72 although some fail to
disclose the IC origin.52,56,57,59,60,67–70,73

The number of tests per kit ranges from 48 to 4800 allowing for a wide range of
throughputs although this will also depend on the number of wells required per sample
and whether they are being tested in 96- or 384-well format. Many assays exploiting
RT-PCR can typically use up to four different fluorescent reporter dyes, including the
IC, but others are not so comprehensively multiplexed and require two or even three
wells for each sample. At least one kit (Menarini)74 uses melt curve analysis in prefer-
ence to hydrolysis probes, negating the requirement for multiple fluorescent reporter
dyes. Although not shown in Table 5, many SARS-CoV-2 kits are also formulated as
multiplexes with other respiratory viruses, most commonly influenza and respiratory
syncytial virus (RSV), for example, Altona,75 Viasure,76 and ThermoFisher.77 This will
usually require the addition of an extra well for each sample and/or the use of a single
dye for multiple gene targets of the same virus. The actual throughput for these assays
will depend heavily on the extraction and PCR equipment chosen for use and the level
of automation. Use of an automated end-to-end system like the Roche FLOW could
produce in excess of 1000 results in a 24hr period from experience in our local
laboratory.



Table 5
An overview of stand-alone RT-PCR suppliers and kits available in the EU. Details are taken from company websites and/or accompanying literature

Supplier Kit Name Target 1
Target
2

Target
3 Internal Control

No’ of Tests/
Kit Compatible Platforms

Analytical
Sensitivity References

Altona RealStar�
SARS-CoV-2
Virus RT-PCR
Kit 1.0

E S Manufacturer SPC 384/4800 Bio-Rad CFX96,
Bio-Rad CFX96
deep-well,

ABI QuantStudio,
ABI 7500,
Roche LightCyler 480,
Qiagen Rotor-Gene Q

E 5 0.025 pfu/mL
S 5 0.014 pfu/mL

56
66
67
68
69
70

Anatolia
Geneworks

/Launch

Bosphore Novel
Coronavirus
(2019-nCoV)
Detection Kit v4

Orf1ab N E RNAse P 50/100 Not stated orf1ab 5 0.86
copies/ul

N 5 0.82 copies/ul
E 5 1.02 copies/ul

71

Biomaxima SARS-CoV-2
Real-Time
PCR LAB-KITTM

Orf1ab N Manufacturer
SPC

96 (12 � 8
well strips)

"Open PCR systems" 10 copies/reaction No literature
founda

BioMerieux Argene SARS
Cov-2 R-Gene

N RdRp E Endogenous (HPRT1)
and Manufacturer
SPC

120 ABI 7500,
ABI QuantStudio5,
Roche LightCycler
480, Bio-Rad CFX96,

Qiagen Rotor-Gene Q

0.43 TCID50/mL
(equivalent
to 380
copies/mL).

72

Bio-Rad Reliance
SARS-CoV-2
RT-PCR Assay Kit

N1 N2 RNAse P 200 Bio-Rad CFX96,
ABI 7500

125–250
copies/ml

No literature
founda

Clonit Quanty
COVID-19 v2
(quantitative)

N1 N2 RNAse P 96 ABI 7500,
Qiagen Rotor Gene Q,
Bio-Rad CFX96

Not stated No literature
founda

Clonit COVID 19 HT
Screen
(qualitative)

N1 N2 Manufacturer SPC 96 ABI 7500,
Qiagen Rotor Gene Q,
Bio-Rad CFX96

Not stated No literature
founda
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Euroimmun EuroRealTime
SARS-CoV-2

Orf1ab N Manufacturer SPC 25–1000 Roche LightCycler 480,
ABI 7500,
Bio-Rad CFX 96,
Qiagen Rotor-Gene
Q, qTower 3

1 copy/ul 73

Genetic
Signatures

EasyScreen
SARS-CoV-2
Detection Kit

N E Manufacturer SPC 96 ABI Quantstudio 5 Not stated 57

IDT 2019-nCov
CDC Assay

N1 N2 RNAse P 96 ABI 7500 1–3 copies/ul 18
58

Menarini Corona MELT Orf1ab Orf1ab Human GADPH 100 Most commercial Real
Time PCR instruments

20 copies/
reaction

No literature
founda

Perkin Elmer SARS-CoV-2
Real-time
RT-PCR Assay

Orf1ab N MS2 48 Bio-Rad CFX96/385,
ABI 7500,
ABI QuantStudio,
qTower 3

20 copies/ml No literature
founda

Primerdesign genesig�
COVID-19
2G Real-Time
PCR assay

Orf1ab S Manufacturer SPC 96 ABI 7500,
Bio-Rad CFX Connect,
Roche LightCycler 480,
genesig� q32

0.4 copies/ul 69
59
60

RIDA�GENE SARS-CoV-2 E Manufacturer SPC 100/200 RIDA CYCLER,
Roche LightCycler
480, Mx3005P,

ABI 7500,
Bio-Rad CFX96,
Qiagen Rotor-Gene Q

50 copies/
reaction

61

Seegene Allplex
2019-nCOV

RdRp N E Manufacturer SPC 50/100 Roche LightCycler
480 (minimum)

1–4 copies/ul 67
69
70
62

Serosep Respibio
SARS-CoV-2

Not stated Not stated 96 Roche LightCycler 480,
ABI 7500

Not stated No literature
founda

(continued on next page)
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Table 5
(continued )

Supplier Kit Name Target 1
Target
2

Target
3 Internal Control

No’ of Tests/
Kit Compatible Platforms

Analytical
Sensitivity References

Thermofisher TaqPath
COVID-19
CE-IVD
RT-PCR Kit,

S N orf1ab MS2 Up to 1000
(96- and
384-well
format)

ABI 7500,
ABI Quantstudio 5

10 genome
copy
equivalents/
reaction

68
62
63

TIBMOL BIOL Dual Target
SARS

N E UBC Human mRNA 96 Roche LightCycler 480 Not stated 64
65

ViaSure
(CerTest
Biotech)

SARS-CoV-2 Real
Time PCR

Orf1ab N Not stated 96 "Most open
PCR systems"

1–10 copies/
reaction

18

VirCell SARS-CoV-2 Real
Time PCR Kit

N E RNAse P 48 "Most open
PCR systems"

3–5 copies/
reaction

No literature
founda

Abbreviations: N, nucleocapsid; E, envelope protein; S, spike glycoprotein; ORF1 a/b, open reading frame 1 a/b; RdRP, RNA-dependent RNA polymerase; SPC, sam-
ple process control.

a Indicates that using the kit name in combination with either "COVID-1900 or "SARS CoV-200 as the search term in PubMed and Google Scholar yielded no sig-
nificant results.
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Owing to the pressure to manufacture diagnostic kits rapidly as the pandemic took
hold, much of the technical and clinical validation data used minimal data sets. Unlike
the rapid platforms that are in widespread use, peer-reviewed literature is sparse for
many stand-alone kits and in some cases completely absent. For those referenced as-
says in Table 5, the LOD was most commonly in the range of 1–20 copies/reaction
although this was liable to small variations depending on the extraction and eluate vol-
ume and the volume of eluate used in the PCR. When comparisons between kits using
clinical samples or External Quality Assurance (EQA) samples were performed, most
kits performed comparably with only small variations in results between the
Altona,52,56,66–70 Integrated DNA Technologies (IDT),18,58 Seegene,62,67,69,70

TaqPath,62,63,68 Viasure,18 and Tib MolBiol kits.64,65 Specificity was 100% in virtually
all cases.
Stand-alone kits offer a convenient alternative to more closed systems allowing

rapid implementation on existing equipment. However, despite a broad agreement
in the performance of these assays on clinical specimens, the sheer number of kits
available means that in-house validation is essential before implementation as a clin-
ical service.
LOW-THROUGHPUT TESTING PLATFORMS

The use of stand-alone PCR kits is not always an attractive option for laboratories,
particularly if the existing molecular diagnostic infrastructure is not in place. Manufac-
turers identified a niche in the market for automated low-to-medium input end-to-end
solutions, which could be easily introduced to laboratories with minimal molecular
diagnostic experience. All platforms assessed here use multiplex RT-PCR with all as-
says containing an IC except the Virokey SARS-CoV-2, which contains neither an
endogenous nor manufacturer-provided IC (Table 6).78 False-negative results will
not be identified by the failure to include an IC to demonstrate either sample adequacy
or PCR failure. The Qiagen NeuMoDx has the best throughput of these systems at 435
samples in 24hr and also has the advantage of being a true random access platform
with a quick time to result of only 1hr 25 min.79

Peer-reviewed literature for these platforms is significantly lacking over all other
investigated areas with most performance data presented here being sourced from
the manufacturer’s literature. The BD MAX system can use a variety of kits from
different manufacturers including SARS-CoV-2 in isolation or with other respiratory
pathogens such as influenza. The BDMAX SARS-CoV-2 assays, including the ViaSure
SARS-CoV-2 N1 1 N2 assay, have repeatedly shown 100% sensitivity but the spec-
ificity of greater than 95% both in manufacturers post-market surveillance and in real-
world data. Fears around the production of false-positive results led the FDA to
release a product notice recommending confirmation of all positive results generated
by the BD MAX; however, both of the assessed assays are based on the CDC N gene
assay, which has been shown to be highly sensitive.16,17,80 The Amplidiag COVID-19
assay was highly sensitive showing greater than 98% agreement compared directly
with Cobas 6800 SARS-CoV-2. All other assessed platforms as shown in Table 6
were also found to have acceptable sensitivity and specificity of greater than 96%
based on manufacturer’s data only.78,79,81–84

All assessed platforms were shown to have good analytical sensitivity as outlined in
Table 6 with the exception of Aus Diagnostics SARS-CoV-2, influenza, and RSV,
which has an LOD on 2150 to 4325 copies/ml.82 Real-world testing of the Amplidiag
COVID-19 also highlighted a failure to detect an EQA sample at 3300 copies/ml sug-
gesting the manufacturer published LOD of 313 copies/ml may not be reliable.83 Local



Table 6
An overview of low- to mid-throughput end-to-end testing platforms for SARS-CoV-2

Supplier/
Platform Assay

Target
1

Target
2 Internal Control

Analytical
Sensitivity Batch Size

Platform
Run Time

Throughput
24hr References

Mobidiag
Amplidiag
Easy

Amplidiag COVID-19 Orf1 N RNAse P 313 copies/ml 48 3.5 h 288 133
134
135

BD MAX BD SARS-CoV-2 N1 N2 RNAse P 640 genomic copy
equivalents

24 2.5 h 216 17

EliTech Elite
InGenius

SARS-CoV-2 PLUS
ELITe MGB Kit

Orf1ab Orf8 RNAse P 111 genomic copy
equivalents

12 2.5 h 108 81

ViaSure
(CerTest
Biotech)

SARS-CoV-2
(N1 1 N2) – BD MAX

N1 N2 RNAse P � 5 genome copies
per reaction

24 2.5 h 216 16

Vela Diagnostics
Sentosa

ViroKey SARS-CoV-2
RT-PCR Test v2.0

Orf1a N None 200 genome
equivalents/ml

46 4 h 276 78

Aus Diagnostics
HighPlex 24

SARS-CoV-2 influenza
and RSV 8-well

Orf1 Orf8 Endogenous
and Manufacturer
SPC

2150–4325 copies/ml 24 4.5 h 120 82
136

NeuMoDx� NeuMoDx�
SARS-CoV-2 Assay

Nsp2 N Manufacturer SPC 20011 Random Access 1 h 25 min 435 84

Abbreviations: N, nucleocapsid; ORF1 a/b, open reading frame 1 a/b; Orf 8, open reading frame 8; SPC, sample process control.
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verification of the manufacturer’s claims is important before the introduction of any
test into routine use to ensure discrepancies such as this are detected.
The expected 24hr throughput for these systems is modest, and these systems are

likely to be sited in laboratories that do not undertake 24/7 working meaning their full
potential cannot be met. Although this may be the case, these automated solutions
can offer easy-to-use solutions for laboratories with limited molecular experience.
This has been important in providing the ability to decrease time to result over sending
samples to specialist reference laboratories for testing, which in turn can reduce trans-
mission risk particularly in health care settings.
HIGH-THROUGHPUT TESTING PLATFORMS

Several high-throughput platforms have been introduced for the detection of SARS-
CoV-2 RNA offering end-to-end automated testing of samples from nucleic acid
extraction through to amplification and detection. The introduction of high-
throughput screening platforms into laboratories can improve laboratory efficiency
and turnaround times while reducing staff hands-on time85 and facilitating a substan-
tial increase in a testing capacity. The main high-throughput testing platforms and
associated assays are listed in Table 7. All are RT-PCR-based assays except the
Hologic Aptima SARS-CoV-2 assay that use TMA. All assays listed use a minimum
of two different SARS-CoV-2 targets to reduce the risk of false negatives due to
primer/probe mismatches caused by sequence variability.86 Multiple comparisons be-
tween the high-throughput platforms and standard RT-PCR demonstrate a high level
of diagnostic performance. The Panther Fusion had an overall agreement of 96.4%
compared with the Roche Cobas 6800 SARS-CoV-2 assay87 with a similar finding in
a separate study.88 An agreement of 98.3% was found when comparing the Cobas
to the Abbott Alinity M SARS-CoV-2 AMP,89 and in a three-way comparison between
these platforms and the Panther Fusion, the overall agreement was 99.7%.90 When
the TMA-based Aptima assay was compared with the Panther Fusion and rapid
low-throughput BioFire Defense COVID-19 test, it produced a positive percent agree-
ment of 98.7% compared with the consensus and a 100% agreement for negative
results.91

Comparing analytical sensitivity is difficult due to differences in methods between
studies, but generally all have high analytical sensitivities with LODs of 200 copies/
ml or below, as collated from several studies and listed in Table 1. The TMA-based
Aptima assay was shown to have a lower LOD when compared with standard RT-
PCR,13 although when compared directly against the Roche Cobas and Abbott
m2000, the Cobas test had the lowest LOD,84 a similar finding when the Cobas was
directly compared with the Abbott m2000 and Panther Fusion.92

All systems offer a throughput of 1000 samples or more in a 24hr period. The highest
throughput systems are the Roche Cobas 8800 system and the recently introduced
Thermofisher Amplitude running the Taqpath COVID-19 assay, which claims a very
high throughput of 8000 samples from a single platform over 24 hours. The Taqpath
COVID-19 assay has been evaluated as a standard RT-PCR62 assay, but no published
data exist for the diagnostic performance of the complete Amplitude system. Assays
for these high-throughput platforms are being updated to include additional respira-
tory targets to meet the predicted increases in RSV and seasonal influenza infections
once nonpharmaceutical interventions for COVID are removed.93 These include the
Roche Cobas SARS-CoV-2 and Influenza A/B for the 6800/800 systems, the Aptima
SARS-CoV-2/Flu Assay for the Hologic Panther system, and the m RESP-4-PLEX
ASSAY for the Abbott Alinity system.94 The Cepheid GeneXpert infinity platform can



Table 7
An overview of high-throughput molecular diagnostic platforms for SARS-CoV-2

Platform Assay Target 1 Target 2
Target
3

Internal
Control

Analytical
Sensitivity
SARS-CoV-2
RNA c/ml

Platform
Run Time

Throughput
24hr Loading References

Abbott
m2000

Abbott RealTime
SARS-CoV-2

RdRp N Manufacturer
SPC

5392 4 h 470 Batch 92

Abbott
Alinity M

SARS-CoV-2
AMP Kit

RdRp N Manufacturer
SPC (DNA)

5090 2 h 35 min to
first results

1080 Random
Access

90

Hologic
Panther�

Aptima�
SARS-CoV-2
Assay

Orf1Ab
Region 1

Orf1ab
Region 2

Manufacturer
SPC

83–194137,138 3.5 h to the
first result

1150 Batch 137
138

Hologic
Panther
Fusion�

Panther Fusion�
SARS-CoV-2
Assay

Orf1Ab
Region 1

Orf1ab
Region 2

Manufacturer
SPC

74–10092,139,140 2.4 h to first
results

1440 Random
Access

92
139
140

Roche
Cobas�
6800

cobas�
SARS-CoV-2

Orf1ab E Manufacturer
SPC

<10–8592,141 3.4 h to first
results

1440 Batch 92
141

Roche
Cobas�
8800

4128 Batch

Cepheid
Infinity

Xpert Xpress
SARS-CoV-2

N E Manufacturer
SPC

100 50 min per
cartridge

Up to 1920 Random
Access

95

Thermofisher
Amplitude

TaqPath
COVID-19 HT

S gene N Orf1ab MS2 N/A 3 h 30 min to
first result

8000 Batch No literature found
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give users the option to run up to 80 Xpert Xpress SARS-CoV-2 cartridges simulta-
neously with no increase in run time over the smaller cepheid instruments making
this a high-throughput low complexity solution for laboratory settings.95
SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2 GENOTYPING

All viruses mutate, particularly RNA viruses, and the infection rate of SARS-Cov-2 on a
large susceptible population has greatly increased the opportunity for mutations to
occur. These mutations have led to variants of concern (VOCs) emerging with the po-
tential of enhanced fitness, specifically toward increased transmissibility96,97 and vac-
cine evasion.98–102

The first VOC (B.1.1.7—Alpha) was detected in the south of England and
sequenced in September 2020.103 Soon after, new VOCs were identified from
various locations across the world, each VOC becoming a prominent strain within
their area of origin.104 Genomic sequencing is an invaluable tool in managing the
pandemic due to its ability to detect unknown variations, which may indicate the
emergence of a new VOC and the need for the development of new diagnostic as-
says. The United Kingdom currently sequences all SARS-CoV-2-positive samples
where it is technically achievable; however, it can be slow, technically demanding,
and currently has limited global availability.34 One solution to identifying known
SARS-CoV-2 lineages without the need for genomic sequencing is the development
of real-time genotyping PCR assays.
Rapid real-time genotyping PCR assays usually target a single nucleotide polymor-

phism (SNP), with the most discriminatory targets often located within the S-gene.
These types of mutations invariably lead to nonsynonymous amino acid substitutions.
SNPs within this region can cause changes in the receptor-binding motif with suc-
cessful variants retaining an increased affinity of the S-protein to the human angio-
tensin 2 receptor (ACE2).103,105–107 Identification of these distinct mutations can be
used as markers to detect specific VOC lineages.
It is often the case that one distinct mutation may be present in several VOCs. For

example, the presence of the N501Y mutation alone can be distinctive of the B.1.1.7
lineage, but the N501Y is also present in the B.1.351 and P1 VOC alongside the E484 K
and K417 N or K417 T mutations, respectively; although the E484 K mutation is also
occasionally seen in the B.1.1.7 lineage. It is often necessary to assay multiple targets
to reliably determine the likely SARS-CoV-2 lineage. The range of SNP assays used
will need to be modified as the new VOC are identified through whole-genome
sequencing strategies.
Public Health England currently uses the Applied Biosystems (Waltham, Massa-

chusetts, USA) RT-PCR genotyping assay for the rapid detection of variants. This
genotyping assay has a sufficient repertoire of target mutations to reliably cover all
the major VOC currently recognized by the WHO and most of the variants of inter-
est.108,109 The current selection consists of 32 assays that can detect 30 SNPs
and 2 deletions. Each assay is duplex in format detecting the mutant and the original
SARS-CoV-2 reference/wild-type sequence on two different fluorescent dye layers.
The high specificity of each assay target results in a significant reduction in the sensi-
tivity, and it is advised by the manufacturer to only use extracted RNA from speci-
mens with a CT of �30 where this information is available.109 There are several
VOC assays in development or in early stages of marketing as shown in Table 8,
many of which exist in stand-alone format to allow a reactive and rapid introduction
of new SNP assays to the market as dictated by circulating variants. Agena Biosci-
ence has developed the MassARRAY SARS-CoV-2 Variant Panel capable of



Table 8
A small selection of SNP PCR assays available in Europe for the detection of SARS-CoV-2
variants of concern

Manufacturer Assay Targets Variant References

EliTech SARS-CoV-2 Variants
ELITe MGB� Kit

� S gene, E484 K
� S gene, N501Y

Alpha 142

ViaSure
(CerTest Biotech)

SARS-CoV-2 &
UK Variant

� HV 69/70 s
gene deletion

Alpha 143

Anatolia
Geneworks/
Launch

Bosphore
SARS-CoV-2 UK.
Variant
Detection Kit

� A570D
� P681H
� Y144del

Alpha 144

Thermofisher TaqMan Custom
SNP Assays

Bottom of Form
� D215 G
� D614 G
� HV 69/70 s

gene deletion
� Y144del
� E484 K
� E484Q
� F888 L
� K417 N
� K417 T
� L18 F
� L452 R
� N439 K
� N501Y
� P681H
� P681 R
� S13I
� S477 N
� T20 N
� V1176 F

Alpha
Beta
Gamma
Delta
Plus numerous

variants of
interest
depending
on combination
used

109
108

TIBMOL BIOL VirSNiP Assays � H66D
� A67 V
� HV 69/70 s

gene deletion
� D253 G
� K417 N
� K417 T
� L452 R
� Y453 F
� T478 K
� E484 K
� E484Q
� N501Y
� A570D
� P681H
� P681 R
� F888 L
� Q949 R
� V1176 F

Alpha
Beta
Gamma
Delta
Plus numerous

variants of
interest
depending
on combination
used

145

(continued on next page)
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Table 8
(continued )

Manufacturer Assay Targets Variant References

Agena Bioscience MassARRAY
SARS-CoV-2
Variant Panel

� L452 R
� E484Q
� P681 R
� T478 K
� T19 R
� P681H
� N501Y
� A570D
� HV 69/70 s

gene deletion
� S982 A
� T716I
� Y144del
� D80 A
� D215 G
� K417 N
� E484 K
� A701 V
� L18 F
� L242_L244del
� Q677H
� D253 G
� L5F
� T95I
� S477 N
� D80 G
� S13I
� W152 C
� N439 K
� K1191 N
� Q493 K
� I692 V
� Y453 F
� N501 T
� Q677P

15 variants of
interest including:

Alpha
Beta
Gamma
Delta

110

SARS-CoV-2 Molecular Diagnostics in Europe 181
detecting 15 variants over 36 gene targets in a two-well multiplex end-point RT-PCR
assay.110

The use of SNP genotyping assays for the detection of SARS-CoV-2 VOC can be an
effective early warning system for emerging VOC within a population, with quicker
turnaround times compared with genomic sequencing. Data produced from this
method can help scientists to quickly predict the prevalence of a VOC within a given
population and may provide evidence toward vaccine effectiveness for new variants
when collated with data regarding new infections or hospitalizations.

SUMMARY

The COVID-19 pandemic will have a long-reaching impact on molecular diagnostic
testing. The speed at which molecular diagnostics entered the market has been un-
rivaled with strategies suitable for all desired testing throughputs available within a
few short months. The overall analytical and clinical accuracy data for solutions
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marketed within Europe have generally been found to be satisfactory although pub-
lished LODs can be variable. At the outset of the pandemic manufacturers, claims
were not required to be independently verified in Europe, and outside the most
used rapid or high-throughput testing platforms, peer-reviewed real-world data
are sparse. Welcome changes to regulations for devices in Europe are on the hori-
zon, but local laboratory validations will still play a key role in the future. With the
increasing prevalence of new SARS-CoV-2 VOC and the need for enhanced surveil-
lance, there is still potential for new developments in SARS-CoV-2 molecular
diagnostics.

CLINICS CARE POINTS

� evere acute respiratory syndrome coronavirus-2 (SARS-CoV-2) required the rapid expansion
of virological diagnostic techniques to ensure adequate testing capacity in the pandemic
settings.

� Rapid, molecular diagnostic platforms fulfill an important niche in point-of-care settings and
clinical laboratories. They provide quick accurate results require minimal hands-on time and
permit on-demand testing of urgent specimens, which is pertinent for non-COVID patient
care.

� High-throughput platforms improve laboratory efficiency and turnaround times while
reducing staff hands-on time. This leads to an increase in the testing capacity of diagnostic
laboratories to help meet the clinical demand throughout pandemics.

� The use of SNP genotyping assays for the detection of SARS-CoV-2 VOCs can be an effective
early warning system for emerging VOCs within a population, with faster turnaround times
compared with genomic sequencing. This can assist with public health surveillance and
provide high-quality evidence toward vaccine effectiveness.
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