Rapid screening of the SARS-CoV-2 VOC 202012/01 B.1.1.7 variant using three different assays
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Abstract
Background
The aim of this study was to evaluate three commercially available methods (Allplex SARS-CoV-2 Assay, Allplex SARS-CoV-2/FluA/FluB/RSV Assay and Novaplex SARS-CoV-2 Variants I Assay) for screening of the SARS-CoV-2 VOC 202012/01 B.1.1.7 variant. 

Methods
A total of 160 nasopharyngeal samples (150 positive and 10 negative for SARS-CoV-2) were tested with all three molecular assays. Next-generation sequencing (NGS) was used as the reference method to determine analytical performance. 

Results
Total (100%) agreement was found for SARS-CoV-2 detection with all three assays. For B.1.1.7 screening, the sensitivity of the Allplex SARS-CoV-2 Assay, the Allplex SARS-CoV-2/FluA/FluB/RSV Assay and the Novaplex SARS-CoV-2 Variants I Assay (Seegene Inc.) were 94.5%, 98.7% and 100 %, respectively, while the specificities of the assays were 98.6%, 81.7% and 100%, respectively.

Conclusions
Although the best results for identifying the B.1.1.7 variant in this study were achieved with the Novaplex Variants I Assay, the three approaches evaluated can be considered cost-effective primary screening tools to rapidly monitor the VOC 202012/01 B.1.1.7 variant.

[bookmark: _Hlk75971759]Introduction
The constant emergence of new SARS-CoV-2 variants globally constitutes a major public health problem. These new strains appear as a result of mutations in the viral genome. Although in most cases these changes do not seem to have an impact on viral behaviour, they can sometimes modify viral properties such as transmission capacity or virulence, or have an effect on diagnostic capacity testing, host immune response or therapy 1,2.

[bookmark: __Fieldmark__700_3656450243][bookmark: __Fieldmark__2426_4189182477][bookmark: __Fieldmark__171_1801005074][bookmark: __Fieldmark__65_239667218][bookmark: __Fieldmark__706_3656450243][bookmark: __Fieldmark__2434_4189182477][bookmark: __Fieldmark__183_1801005074][bookmark: __Fieldmark__81_239667218]Several SARS-CoV-2 variants of concern (VOC) have been identified in different countries around the world 3. In December 2020, Public Health England notified the emergence of the new variant VOC 202012/01 associated with a high number of cases detected in some regions of the United Kingdom resulting in a lineage grouped in a new cluster that is very distinct phylogenetically from the rest of those included in the UK dataset 4. This variant, also known as B.1.1.7, has been associated with higher transmissibility, leading to its rapid spread across the UK and many other countries 5. Furthermore, a relationship between B.1.1.7 infection and disease severity has also been postulated 6,7.

B.1.1.7 possesses several mutations, particularly in the S gene, some of which have biological effects. Mutations such as the N501Y substitution or the 69-70 deletion in the spike protein have been related to a higher affinity of the receptor binding domain (RBD) to human ACE2 receptors, which can explain the greater ability of this variant to infect new cells 5,8.

Since the strain was first described, different strategies have been proposed to monitor its expansion. While the definitive confirmation of a circulating SARS-CoV-2 variant can only be made by genome sequencing, this is a time-consuming and expensive method that requires specific training and is not available in most clinical laboratories. Therefore, other approaches, such as the S gene target failure (SGTF) caused by the 69-70 deletion on some reverse transcription PCR (RT-PCR) assays (e.g., TaqPath COVID-19 RT-PCR assay, Thermo Fisher Scientific), have been widely used as a successful screening approach 9,10. In addition, changes in other properties on different RT-PCR tests such as the curve slope or cycle threshold (Ct) shifts have been explored with the same purpose 11. 

In this study we have evaluated 3 accessible and rapid commercial tests that can be used as both a diagnostic tool for SARS-CoV-2 and to screen for the VOC 202012/01 B.1.1.7 variant using next-generation sequencing (NGS) as the reference method.

Methods
A retrospective study was performed on 160 selected nasopharyngeal swabs collected from February to April 2021 from primary care and hospitalized patients and stored at -80 ºC. The samples were previously tested for SARS-CoV-2 by the Allplex SARS-CoV-2 Assay (Seegene, Inc., South Korea) or the cobas® SARS-CoV-2 Test (Roche Diagnostics, Switzerland) as part of the routine laboratory work. One hundred and fifty positive samples (Ct < 35 for all targets) and 10 negative samples were included in the study.

The specimens were thawed, vortexed and processed in a Hamilton Microlab STARlet (Werfen, Barcelona, Spain) for nucleic acid extraction and PCR set-up. A Starmag Universal Cartridge Kit (Seegene Inc.) was used for RNA extraction. Three different molecular tests were performed in parallel with the CFX96™ Real-time PCR Detection System-IVD (Bio-Rad Laboratories Inc., CA, USA) following manufacturer recommendations: the Allplex SARS-CoV-2 Assay, the Allplex SARS-CoV-2/FluA/FluB/RSV Assay (Seegene Inc.) and the Novaplex SARS-CoV-2 Variants I Assay (Seegene Inc.).

Next-generation sequencing (NGS). As part of the surveillance program in our region, positive samples were sent to the reference centre (Virgen del Rocio Hospital, Seville) for NGS and data analysis to detect the most relevant mutations and establish the correspondent clade and lineage. Extracted RNA was first reverse transcribed to cDNA, followed by PCR amplification using the ARTIC network nCoV-2019 version 3 primer set (Integrated DNA Technologies, Coralville, IA, USA). DNA libraries were then prepared using the Illumina DNA Prep kit (Illumina, San Diego, CA, USA) and IDT for Illumina DNA/RNA UD Indexes sets (Ilumina). The quality of the libraries was validated using a 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) and a Qubit 4 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). Sequencing was performed on the Nextseq 550 (Illumina) to generate paired-end 151-bp reads. The consensus genome sequence was obtained using the nf-core/viralrecon pipeline (https://nf-co.re/viralrecon). Clade assignment and annotated mutations were generated by the Nextclade tool (https://clades.nextstrain.org/). The Pangolin tool (https://cov-lineages.org/) was used to assign lineages. For genomes where a lineage could not be obtained, an imputed lineage was assigned using the internal tool impuSARS (https://www.biorxiv.org/content/10.1101/2021.04.13.439668v1).

Whole genome sequencing was used as the gold standard to compare the results obtained with the evaluated assays. Data were analysed using SPSS 15.0.1 software (SPSS Inc., Chicago, IL). Sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) with their 95% confidence intervals (CI) were determined for the three methods.

Allplex SARS-CoV-2 Assay: S/RdRP gene curve shape. The shapes of the amplification curves for the Cal Red 610 fluorescence channel corresponding to the S/RdRP genes were analysed. Bio-Rad software was set to Baseline Subtracted Curve Fit and two blind observers examined and classified the curves into double sigmoid/sigmoid/indeterminate. In the event of discrepancies, a third examiner was asked to also assign a result. A double sigmoid shape and sigmoid shape were considered as indicative of the VOC 202012/01 B.1.1.7 variant and the non-VOC 202012/01 B.1.1.7 variant, respectively. Ambiguous curves remained as indeterminate results.
		
Allplex SARS-CoV-2/FluA/FluB/RSV Assay: N gene shift. The Ct values for all SARS-CoV‑2 detection genes were examined. Specifically, the Ct of the N gene was compared to the other genes, and the late amplification of the N target (LANT) was considered if there was any increment in the Ct value of both targets (S and RdRP) or a complete gene dropout. The samples were classified as LANT (B.1.1.7 variant) and non-LANT (non-B.1.1.7 variant). For a second analysis, the samples were also classified establishing a minimum increment of 3 Ct of the N gene (LANT ≥ 3) in comparison with the other two targets. Finally, the N gene Ct values for the B.1.1.7 and non-B.1.1.7 variants as defined by NGS were compared.

Novaplex SARS-CoV-2 Variants I Assay: N501Y and HV69/70 mutations detection. SARS-CoV-2 target (RdRP gene) and mutation (N501Y, HV69/70, E484K) detection was performed with the Novaplex SARS-Cov-2 Variants I Assay and the results were recorded.

This study was approved by the Reina Sofia University Hospital Ethics Committee (code VARSARS21).

Results
The following lineages (150) were identified by NGS: B.1.1.7 (79), B.1.177 (44), B.1.221 (8), B.1.177.7 (6), B.1.258 (5), B.1.160 (4), B.1.351 (3) and B.1.575 (1). To evaluate the analytical performance of the assays, the samples were classified in two groups corresponding to the B.1.1.7 variant (79) and non-B.1.1.7 variants (71), respectively.

The 150 and 10 samples that had been previously classified as positive and negative for SARS-CoV-2 detection, respectively, were confirmed by the three evaluated assays (100% agreement for virus detection).

B.1.1.7 screening. The amplification curves corresponding to the S/RdRP genes generated with the Allplex SARS-CoV-2 Assay corresponded to 74 sigmoid curves, 70 double sigmoid curves and 6 indeterminate curves (Table 1). Agreement was reached between the blind observers in all cases except three, which were finally assigned to a third observer. In all cases, the curves classified as indeterminate corresponded to samples with Ct values ranging from 30 to 35. Excluding indeterminate results, 94.52% sensitivity (95% CI: 86.56%–98.49%) and 98.59% specificity (95% CI: 92.4%–99.96%), as well as 94.59% (95% CI: 87.09%–97.84%) and 98.57% (95% CI: 90.78%-99.79%) of NPV and PPV, respectively, were determined (Table 4).

[bookmark: __DdeLink__2008_2402724213]With the Allplex SARS-CoV-2/FluA/FluB/RSV Assay, an increment or dropout of the N gene Ct was observed for 89 and 2 samples, respectively (Table 2). Of these 91 samples, 60 presented an increase greater than or equal to 3 Ct. Analytical performance varied notably when considering a cut-off of LANT > 0 or LANT ≥ 3. While sensitivity was 98.73% (95% CI: 93.15%–99.97%) and specificity was 81.69% (95% CI: 70.73%–89.87%) in the first case, sensitivity dropped notably for LANT ≥ 3 (75.95%, 95% CI: 65.02%–84.86%) and specificity was 100% (95% CI: 94.94%–100%) (Table 4). Finally, an important deviation of the N gene was observed when comparing the B.1.1.7 and non-B.1.1.7 variants identified by NGS separately (Figure 1).

The Novaplex SARS-CoV-2 Variants I Assay detected mutations compatible with the B.1.1.7 variant (N501Y + HV69/70 del) in 79 samples (100%). Furthermore, we found 5 samples containing only the HV69/70 deletion and 3 samples with both the N501Y and the E484K mutations (Table 3) corresponding to the B.1.258 and B.1.351 variants, respectively. The Novaplex assay did not detect any mutations in the remaining non-B.1.1.7 variants.

Overall, sensitivity, specificity, NPV and PPV were superior for the Novaplex assay, which showed a 100% agreement with the reference method. The Allplex SARS-CoV-2 and Allplex SARS-CoV-2/FluA/FluB/RSV assays showed sensitivities over 90% (Table 4).

Discussion
Surveillance of VOC allows implementing rapid actions for the effective management of the COVID-19 pandemic. These actions may involve restricting mobility, increasing or changing laboratory testing or assessing the need for alternative vaccines and treatments.

In this paper, we aimed to evaluate three strategies for SARS-CoV-2 detection and B.1.1.7 lineage screening using commercial kits that can be easily adapted to clinical laboratories in just one step. Although we have found different benefits and weaknesses for the three assays, all of them showed an appropriate correlation with the reference method based on complete viral genome sequencing and could be considered as useful screening tools. 

The manufacturer of the Allplex SARS-CoV-2 kit has recently published an application note claiming the utility of analysing the curve shape for the S/RdRP channel as a means to screen the B.1.1.7 variant. This property has already been used by other authors to estimate the geographic dissemination of the strain 12, although the results were confirmed by NGS for only 4 samples. In this study, we tested and sequenced 150 samples, for which good sensitivity and specificity values were obtained. A possible limitation of this assay is related to the subjectivity in defining curve shapes, but our data were analysed by two different observers and only three discrepancies appeared. Another limitation is that curves with Ct ≥ 30 could not be properly classified. Despite this, the Allplex SARS-CoV-2 kit showed high specificity, as observed with other samples presenting the HV69-70 deletion and lacking the N501Y mutation (B.1.258) that would be wrongly classified as B.1.1.7 by other techniques based on SGTF. In terms of diagnostic reliability, it is important to consider that this kit has the extra advantage of detecting four different targets (E/RdRP/S/N genes).

The presumptive assignment of samples to the B.1.1.7 lineage using the N gene Ct shift or dropout compared to the other targets has been evaluated recently with the Allplex SARS‑CoV-2/FluA/FluB/RSV assay and shown excellent analytical performance. However, the study included a small subset of samples and confirmation by genome sequencing was not carried out in all of them 11. We tested this strategy using two different cutoffs, LANT > 0 and LANT ≥ 3. Our findings showed that the sensitivity and negative predictive values were appropriate when considering any increase in the N gene Ct values, but specificity was much lower (81.71 %). When setting a minimum increase of 3 Ct, high specificity and positive predictive values were observed, but sensitivity decreased drastically. This contrasts with Wollschlaeger et al.11, who obtained 100% specificity and sensitivity with a score of 5 Ct. In our study, samples corresponding to B.1.1.7 displayed Ct shifts for N/S genes of 0.89 to 15.36 (mean = 5.68) and Ct shifts for N/RdRP genes of -0.29 to 9.73 (mean = 4.5). Due to the higher sensitivity and negative predictive values, we consider that any increase in the N gene Ct value might be a more effective approach for primary screening. We did not observe any deviation of the N gene Ct values with confirmed variants that share mutations with B.1.1.7 like B.1.258 (HV69-70 del) or B.1.358 (E484K+N501Y). One additional benefit of the Allplex SARS-CoV-2/FluA/FluB/RSV assay is that it detects other viruses in addition to SARS-CoV-2, offering a more complete solution in respiratory viral diagnoses.

The best results for identifying the B.1.1.7 variant in this study were achieved with the Novaplex Variants I Assay. This kit also allows the presumptive detection of other VOC such the South African (B.1.351) or the Brazilian (P.1) variants by identifying possible combinations of 3 mutations in the spike protein (N501Y, HV69-79del and E484K). Indeed, the E484K substitution also detected in some B.1.1.7 variants has been associated with a reduction in neutralization by convalescent and post-vaccination sera 13. Although this test is highly reliable as a screening tool, its utility as a molecular test for SARS-CoV-2 detection could be questionable, since it amplifies only one target (RdRP gene), implying an undefined risk for decreased sensitivity and specificity in viral diagnoses. Therefore, it would be difficult for this kit to be implemented as a one-step approach for SARS-CoV-2 diagnosis and screening, resulting in increased time to diagnosis and costs.

A limitation of our study is that we only included positive samples with Ct < 35. Further studies evaluating the performance of these assays with positive samples containing a low viral load are therefore warranted. 

[bookmark: __DdeLink__3015_4189182477]The approaches we have evaluated could serve as a cost-effective primary screening tool to rapidly monitor the VOC 202012/01 B.1.1.7 variant and to select samples for confirmation in reference centres. 
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Table 1. Results of curve shape of S/RdRP genes with the Allplex SARS-CoV-2 Assay
	
	B.1.1.7
	Non-B.1.1.7
	Total

	Double sigmoid
	69
	1
	70

	Sigmoid
	4
	70
	74

	Indeterminate
	6
	0
	6

	Total
	79
	71
	150






















Table 2. Ct shifts for N gene with the Allplex SARS-CoV-2/FluA/FluB/RSV Assay
	
	B.1.1.7
	Non-B.1.1.7
	Total

	LANT
	78*
	13
	91

	Non-LANT
	1
	58
	59

	Total
	79
	71
	150



* 60 with LANT ≥ 3



















Table 3. Mutations detected with the Novaplex Variants I Assay
	
	B.1.1.7
	Non-B.1.1.7
	Total

	N501Y + HV69/70 del
	79
	0
	79

	HV69/70 del
	0
	5
	5

	N501Y + E484K
	0
	3
	3

	No mutations
	0
	63
	63

	Total
	79
	71
	150






	









 




Table 4. Analytical performance of the three assays
	
	Allplex SARS-CoV-2 (S/RdRP curve shape)
	Allplex FluAB/RSV/SARS-CoV-2 (LANT > 0)
	
Allplex FluAB/RSV/SARS-CoV-2 (LANT ≥ 3)
	Novaplex Variants I Assay

	Sen (%)
	94.5
	98.7
	75.95
	100

	Spe (%)
	98.6
	81.7
	100
	100

	NPV (%)
	94.6
	98.3
	78.89
	100

	PPV (%)
	98.6
	85.7
	100
	100




















Figure 1. Ct values for Allplex SARS-CoV-2/FluA/FluB/RSV for B.1.1.7 (above) and non-B.1.1.7 (below) variants. S gene, RdRP gene and N gene are represented from left to right.
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