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ARTICLE INFO ABSTRACT

Keywords: Background: Comprehensive and up-to-date monitoring of severe acute respiratory syndrome coronavirus 2
SARS-CoV-2 (SARS-CoV-2) variants of concern (VOC) is crucial as these are characterized by their increased transmissibility,
COV¥D'19 immune evasion and virulence.

Illflcell; ing curve Objectives: To describe the wide-scale implementation of a reverse transcriptase polymerase chain reaction (RT-
Variants PCR) multiple variants assay with melting curve analysis as a routine procedure.

screening Study design: We prospectively performed multiple variants RT-PCR on consecutive SARS-CoV-2 RT-PCR positive

samples from patients, healthcare workers and nursing home residents from our hospital catchment area. This
technique was implemented in our automated Roche FLOW system with a turn-around time of 6 h.

Results: Between February 1 and May 2, 2021, 989 samples were tested by the variant RT-PCR. Our method was
validated by comparison of variant RT-PCR to whole genome sequencing testing. We observed an increase over
time in the proportion of UK variant that became the dominant variant, and the concurrent emergence of the
South-African and Brazilian variants. Prompt public health responses for infection control were possible because
of this rapid screening method, resulting in early detection and reduction of unnoticed spread of VOC as early as
possible.

Conclusion: A variant RT-PCR with additional melting curve analyses is a feasible, rapid and efficient screening

strategy that can be implemented in routine microbiological laboratories.

1. Introduction

Many countries are experiencing difficulty in effectively reducing the
number of the coronavirus disease 2019 (COVID-19) infections despite
extensive, prolonged and stringent infection control measures [1]. The
implemented rules and restrictions are effective in combatting the
originally dominant variants of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). However, these seem to be less sufficient
for the more transmissible variants, including those labelled as variants
of concern (VOC) by the World Health Organization. The first estab-
lished VOC share the N501Y mutation: UK (B.1.1.7 or 20I/501Y.V1),
South-African (B.1.351 or 20H/501Y.V2) and Brazilian P1 variant
(B.1.1.28 or 20 J/501Y.V3) (Table 1) [2,3]. As of May 11, 2021, the
Indian variant (B.1.617.2 or 21A/S:478 K) was added to the WHO list of
VOC. These VOC have the highest priority for adequate surveillance, and
might have a higher risk for hospital and intensive care unit admissions

[4]. The UK variant has expanded rapidly and became the dominant
strain in many countries due to increased transmission advantage [5].
The South African variant appears to pose an additional risk because
vaccination might be less effective which could be related to the E484K
mutation [6]. The Brazilian variant may cause re-infections in in-
dividuals who already experienced COVID-19 [7], and seems to be more
virulent in young individuals [8]. More importantly, new VOC may
emerge over time.

The current surveillance and detection of SARS-CoV-2 variants is
based on whole genome sequencing (WGS), which is an accurate method
that generates detailed information, but is time-consuming and only
limited available.

We describe our experience after implementing a reverse transcrip-
tase polymerase chain reaction (RT-PCR) variant assay with melting
curve analysis as a routine procedure and as a complementary rapid
diagnostic screening method in addition to WGS, which can be widely
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Table 1
Interpretation schedule for identification of SARS-CoV-2 variants using muta-
tions found in multiple variants RT-PCR.

Spike Lightmix® No United South Brazil
protein kits variantof  Kingdom African P1
mutation concern B.1.1.7 B.1.351 B.1.1.28
(VOQ)
H69/V70 VirSNiP Negative Positive Negative Negative
SARS-CoV-2
Spike del
H69/V70
N501Y VirSNiP Negative Positive Positive Positive
SARS-CoV-2
Spike del
N501Y
E484K VirSNiP Negative Negative Positive Positive
SARS-CoV-2
Spike E484K
K417N VirSNiP Negative Negative Positive Negative
SARS-CoV-2

Spike K417N

implemented in most laboratories.
2. Methods

As of February 1, 2021, nasopharyngeal samples from patients,
healthcare workers and nursing home residents from our hospital
catchment area were initially tested for SARS-CoV-2 by our validated in-
house RT-qPCR assay according to the national reference method [9],
GeneFinder™ Kit on the ELITe InGenius® [10], or GeneXpert (Cepheid
Inc, USA).

Subsequently, all consecutive RT-PCR SARS-CoV-2 positive samples
with a cycle threshold (Ct) value of <32 were further analyzed by
multiple variants RT-PCR and melting curve analyses [11-13], targeting
relevant SARS-CoV-2 mutations to determine the SARS-CoV-2 variant
(Table 1). Samples with Ct values >32 did not result in reliable peak
profiles. This is in line with the minimal required RNA amount of 50 to
500 copies as specified by the manufacturer. We used four different
SARS-CoV-2 Lightmix® kits (TIB Molbiol GmbH, Germany) to detect the
presence of the following mutations: N501Y, del H69/V70, E484K and
K417N. The selected primers and probes target specific parts of the virus
genome that contain these mutations. Samples were diluted with equal
volumes lysis buffer, extraction was done on 500 pL of this mixture with
the DNA and Viral NA Large Volume kit (Roche, Germany), and 10 pL of
the eluate was used in an end volume of 20 pL in each monoplex PCR
well. After RT-PCR amplification on the LightCycler® 480 (Roche Di-
agnostics, Germany) according to manufacturer’s instructions, the
temperature of the sample was gradually increased while measuring the
amount of fluorescence. By analyzing the melting temperatures which is
influenced by whether probes are attached to the targets, it can be
determined if specific mutations are present. This technique was
implemented in our automated Roche FLOW system with a turn-around
time of 6 h, but can also be performed with other standard real-time PCR
equipment available in most routine diagnostic microbiology
laboratories.

As part of the validation and before implementation of our rapid
screening method in routine care, 58 samples were sent for validation by
WGS to the Department of Viroscience at the Erasmus Medical Center
(Rotterdam, The Netherlands), of which 56 identification findings were
confirmed by WGS and for two samples sequencing failed probably due
to low virus loads.

3. Results
Between February 1 and May 2, 2021, 989 samples were tested by

the variant RT-PCR. We observed an increase in the proportion of UK
variant that became the dominant variant, followed by the emergence of
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the South-African and Brazilian variants thereafter (Fig. 1). Overall,
during a 13-week period we detected 791 (80%) UK, 48 (5%) South-
African, 17 (2%) Brazilian P1 SARS-CoV-2 variants, and 133 (13%) no
VOC.

As information regarding variant identification became available
within one or two days after sample arrival at our laboratory, quick
results were available to clinicians and public health organizations. This
allowed a possible prompt public health response for infection control as
shown in the following three examples. We detected a cluster of 12
SARS-CoV-2 infections caused by the South African variant in in-
dividuals who all had high virus loads, of whom 2 fully vaccinated
healthcare workers who did not develop any symptoms, 8 nursing home
residents who already received their first vaccination 4 weeks before or
earlier and had only mild symptoms, and 2 unvaccinated healthcare
workers with severe symptoms. Another South African variant cluster
was found among 4 hospitalized crew members of a workboat. In
addition, during a short period we observed 14 cases caused by the P1
variant, of which 11 from two adjacent small municipalities.

4. Discussion

By testing of all RT-PCR SARS-CoV-2 positive samples with subse-
quent variant RT-PCR, we obtained a real-time and complete overview
of the circulating SARS-CoV-2 variants in our hospital catchment area.
Without any delay in obtaining the results of variant identification the
consecutive increase of the UK, and the emergence of South African and
Brazilian variants could be observed. In comparison to WGS this PCR-
based screening method with melting curve analysis is faster, easy to
implement and exceeds in capacity in various settings.

In the Netherlands, the spread of SARS-CoV-2 virus variants is
monitored by a national surveillance system. For this a few selected
laboratories send a limited number of positive RT-PCR positive samples
to the National Institute for Public Health and the Environment (RIVM)
for WGS analysis [14]. The current available sequencing capacity limits
the number of variant identifications, is labor-intensive and merely a
small selection of samples can be sequenced. As a result, sequence re-
sults are only available after a few weeks. A faster and more extensive
strategy for detecting VOC, and perhaps also other variants of interest,
can have a positive impact on adequate and timely contact tracing, and
could facilitate targeted public health measures.

Given the dynamic situation of COVID-19 pandemic, additional
diagnostic methods are needed for timely results and sufficient
screening capacity on variant identification. Screening by RT-PCR SARS-
CoV-2 based tests quickly generates real-life and up-to-date information
on the spread of VOC, which enables public health and healthcare in-
stitutions to take more targeted measures to prevent further spread of
VOC at an earlier stage by means of intensified source and contact
tracing. If the variant type would only be determined from a very small
proportion of positive samples, the risk remains considerable for delayed
awareness because emergence of new variants usually start in small
clusters that can be easily missed when using a limited surveillance
approach only. Furthermore, it can be important to know the presence of
specific mutations which are related to increased transmissibility,
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Fig. 1. Number of different SARS-CoV-2 variants over time.
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immune evasion or virulence as soon as possible.

However, there are also limitations to consider. Similar to WGS the
variant PCR assay described here also faced inconclusive results in
samples with a low virus load. Therefore, only positive samples with Ct-
values <32 were considered for variant testing. Moreover, PCR variant
testing cannot replace WGS, which remains crucial to discover and
detect new emerging variants that have not yet been detected, and to
keep existing PCR-based variant screening methods up to date. PCR
variant testing should be used as an additional tool to significantly
enhance the extent of epidemiological surveillance and contact tracing.

In conclusion, we share our experience regarding a largescale
implementation of PCR-based SARS-CoV-2 variant analysis in routine
practice to detect and limit the unnoticed spread of VOC as early as
possible. In our setting, the variant RT-PCR with additional melting
curve analyses shows how a feasible, rapid and efficient screening
strategy can be implemented in microbiological laboratories.
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