
Heliyon
 

SARS-CoV-2 Genomic Surveillance and Reliability of PCR Single Point Mutation
Assay ( SNPsig® EscapePLEX ) for the Rapid Detection of Variants of Concern in

Cameroon
--Manuscript Draft--

 
Manuscript Number: HELIYON-D-23-13251

Article Type: Original Research Article

Section/Category: Medical Sciences

Keywords: SARS-CoV-2, variants of concern, SNPsig®EscapePLEX , Cameroon

Manuscript Classifications: 130: Health Sciences

Corresponding Author: Davy-Hyacinthe GOUISSI ANGUECHIA, MsC
Chantal BIYA International Reference Centre for research on HIV/AIDS prevention and
management(CIRCB),Yaoundé,Cameroon)
Yaounde, CAMEROON

First Author: Joseph Fokam, PhD

Order of Authors: Joseph Fokam, PhD

Davy-Hyacinthe GOUISSI ANGUECHIA, MsC

Desire Takou

Ezechiel Ngoufack Jagni Semengue

Collins Chenwi

Grace Beloumou

Sandrine Djupsa

Alex Durand Nka

Willy Pabo

Aissatou Abba

Aude Christelle Ka’e

Aurelie Kengni

Naomi Karell Etame

Larissa Gaelle Moko

Evariste Molimbou

Rachel Audrey Nayang Mundo

Michel Tommo

Nadine Fainguem

Lionele Mba  Fotsing

Luna Colagrossi

Claudia Alteri

Dorine Ngono

John Otokoye Otshudiema

Clement Ndongmo

Yap Boum II

Georges Mballa Etoundi

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Edie G.E Halle

Emmanuel Eben-Moussi

Carla Montesano

Anne-Genevieve Marcelin

Vittorio Colizzi

Carlo-Federico Perno

Alexis Ndjolo

Nicaise Ndembi

Abstract: Background: Surveillance of SARS-CoV-2 variants of concern (VOC) and lineages is
crucial for decision-making.Our objective was tostudy the SARS-CoV-2 clade dynamics
across epidemiological waves and evaluate the reliability of SNP EscapePLEX-kit in
detecting VOC in Cameroon.
Material and Methods: A laboratory-based study was conducted on SARS-CoV-2
positive nasopharyngeal specimens (Ct-value<30) at the Chantal BIYA International
Reference Centre in Yaoundé-Cameroon, between April-2020 to August-2022. For
each sample, Sanger-sequencing and SNP-EscapePLEX-kit were performed, using
sequencing as gold standard to evaluate the performance of SNP-EscapePLEX.
Results: Of the 130 sequences generated, SARS-CoV-2 clades during wave-1 (April-
November 2020) showed 97%(30/31) wild-type lineages and 3%(1/31) Gamma-
variant; wave-2 (December-2020 to May-2021), 25%(4/16) Alpha-variant, 25%(4/16)
Beta-variant, 44%(7/16) wild-type and 6%(1/16) mu; wave-3 (June-October 2021),
94%(27/29) Delta-variant, 3%(1/29) Alpha-variant, 3%(1/29) wild-type; wave-4
(November-2021 to August-2022), 98%(53/54) Omicron-variant and 2%(1/54) Delta-
variant. Omicron sub-variants were BA.1(47%), BA.5(34%), BA.2(13%) and BA.4(6%).
Overall sensitivity and specificity of SNP-Escaplex was 84%[78-87] and 89%[76-95]
respectively, with 75%[63-76] and 100%[96-100] respectively for Delta-variant; and
96%[90-96] and 100%[93-100] for Omicron-variants.
Conclusion: Genomic surveillance reveals a rapid dynamic in SARS-CoV-2 strains
between epidemiological waves in Cameroon. For wide variant surveillance in
resource-limited settings, EscapePLEX-kit represents a suitable tool, pending
upgrading for distinguishing Omicron sub-lineages.
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To the Editor-In-Chief, 

Heliyon  

 

SUBMISSION OF MANUSCRIPT FOR PUBLICATION 

 

We herein submit our manuscript entitled “SARS-CoV-2 Genomic Surveillance and Reliability 

of PCR Single Point Mutation Assay (SNPsig®EscapePLEX) for the Rapid Detection of 

Variants of Concern in Cameroon”, for publication in Journal of Virological Methods. 

With the rapid spread and evolution of SARS-CoV2 preoccupying variants of concern (Alpha, 

Beta, Gamma, Delta, Omicron), countries all over the globe have set-up various ranges of tools 

and public approaches to adequately respond to the pandemic. Our manuscript hereby present 

results from a simplified genotyping kit based on qPCR-multiplex approach, implemented in 

Cameroon as an alternative to high throughput sequencing, and developed to increase the 

feasibility and efficiency of genomic surveillance of SARS-CoV-2 variants in low and middle 

income countries. In the frame of the genomic surveillance of SARS-CoV-2 in Cameroon, our 

objective was to describe the SARS-CoV-2 dynamics across epidemiological waves and evaluate 

the reliability of SNP EscapePLEX-kit in detecting all variants of concerns. Sharing this evidence 

with readers of the Diagnostic Microbiology& Infectious Disease (clinicians, virologists and 

policies-makers) will contribute substantially in limiting the spread and adequately framing the 

response against SARS-CoV2 not just across other resource-limited settings, but even beyond. 

The manuscript has not been submitted and is not under consideration elsewhere. All authors 

approved this final version. 

Thank you in advance for your time and attention, and we hope that our manuscript will be 

deemed acceptable for publication in the Heliyon . 

 

Cordially yours,  

Dr Joseph Fokam  

The Corresponding author, on behalf of the co-author 
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Abstract  34 

Background:  Surveillance of SARS-CoV-2 variants of concern (VOC) and lineages is 35 

crucial for decision-making.Our objective was to study the SARS-CoV-2 clade dynamics 36 

across epidemiological waves and evaluate the reliability of SNP EscapePLEX-kit in 37 

detecting VOC in Cameroon. 38 

Material and Methods: A laboratory-based study was conducted on SARS-CoV-2 positive 39 

nasopharyngeal specimens (Ct-value<30) at the Chantal BIYA International Reference Centre 40 

in Yaoundé-Cameroon, between April-2020 to August-2022. For each sample, Sanger-41 

sequencing and SNP-EscapePLEX-kit were performed, using sequencing as gold standard to 42 

evaluate the performance of SNP-EscapePLEX. 43 

Results: Of the 130 sequences generated, SARS-CoV-2 clades during wave-1 (April-44 

November 2020) showed 97%(30/31) wild-type lineages and 3%(1/31) Gamma-variant; 45 

wave-2 (December-2020 to May-2021), 25%(4/16) Alpha-variant, 25%(4/16) Beta-variant, 46 

44%(7/16) wild-type and 6%(1/16) mu; wave-3 (June-October 2021), 94%(27/29) Delta-47 

variant, 3%(1/29) Alpha-variant, 3%(1/29) wild-type; wave-4 (November-2021 to August-48 

2022), 98%(53/54) Omicron-variant and 2%(1/54) Delta-variant. Omicron sub-variants were 49 

BA.1(47%), BA.5(34%), BA.2(13%) and BA.4(6%). Overall sensitivity and specificity of 50 

SNP-Escaplex was 84%[78-87] and 89%[76-95] respectively, with 75%[63-76] and 100%[96-51 

100] respectively for Delta-variant; and 96%[90-96] and 100%[93-100] for Omicron-variants.  52 

Conclusion: Genomic surveillance reveals a rapid dynamic in SARS-CoV-2 strains between 53 

epidemiological waves in Cameroon. For wide variant surveillance in resource-limited 54 

settings, EscapePLEX-kit represents a suitable tool, pending upgrading for distinguishing 55 

Omicron sub-lineages.  56 

Keywords: SARS-CoV-2, variants of concern, SNPsig®EscapePLEX , Cameroon 57 

58 
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1  Introduction 59 

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory 60 

syndrome coronavirus-2 (SARS-CoV-2), has spread worldwide with several implications 61 

(Chen et al., 2020). In Africa, 53 countries have been affected so far, with 12,059,691 62 

confirmed cases (with 255,698 deaths and 11,433,772 recoveries ) (PHEOCC, 2022).  In 63 

Cameroon, the first case of SARS-CoV-2 detection was reported on 6 March 2020. The 64 

infection then spread rapidly and nationwide, with up to 123 480 confirmed cases, 1 957 65 

deaths, 120 773 recoveries (recovery rate: 97.8%), and 1 561 462 people received at least one 66 

dose of vaccine (Ministry of Public Health, 2022). Alongside these figures, with anecdotal 67 

clinical implications, SARS-CoV-2 variants of concern (VOC) have emerged and circulated 68 

around the world (Gabutti et al., 2020; Sanyaolu et al., 2021).  69 

On 11 May 2021, the World Health Organisation (WHO) designated four different 70 

VOCs, including the B.1.1.7 (Alpha lineage ; UK in September 2020), B.1.351 (Beta lineage ; 71 

South Africa in May 2020), P.1 (Gamma lineage; Brazil in November 2020) et B.1.617.2 72 

(Delta lineage ; India in October 2020) (WHO, 2021).WHO designated the Pango B.1.1.529 73 

line as Omicron (first case reported from South Africa, in November 2021), a VOC which has 74 

spread rapidly around the world (Weil et al., 2022). Each of these VOCs is characterized by a 75 

combination of mutations, some of which may also increase the virulence of SARS-CoV-2 76 

and its ability to evade vaccines or other social and public health measures (WHO, 77 

2021).During the SARS-CoV-2 pandemic, genomic epidemiological surveillance around the 78 

world became crucial to monitoring the emergence of new variants. Current methods for the 79 

detection and characterisation of SARS-CoV-2 variants including: Next generation 80 

sequencing (NGS), Spike gene Sanger-based sequencing and screening SNP (Single nucleotide 81 

polymorphism) assays. The NGS essay is the gold standard for the identification of SARS-82 

CoV-2 variants. However, this technique requires quite a lot of time to implement and is not 83 
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financially accessible for resource-limited settings (RLS) (Pennell et al., 2019; Pereira et al., 84 

2020). Beside a well implemented Sanger sequencing approach (notably through Homemade 85 

protocols), PCR Point Mutation Assay (SNPsig®EscapePLEX) can be an alternative for the 86 

identification of VOCs, as it can provide very fast results with less consumables and reagents. 87 

Of note, scientific evidence shows that the Sanger method is very advantageous in terms of 88 

analysis time (15 hours for Sanger sequencing versus 51 hours for NGS) and cost per sample 89 

(20 times lower  for Sanger sequencing) (Dorlass et al., 2021).   90 

For rapid interventions in response to the evolution of SARS-CoV-2 variants, 91 

Cameroon has acquired a simplified genotyping kit, SNPsig®EscapePLEXsig of the 92 

"NOVACYT GROUP" company (www.novacyt.com). This kit was developed to increase the 93 

feasibility and efficiency of genomic surveillance of SARS-CoV-2 variants in low and middle 94 

income countries (LMIC) as an alternative to sequencing method. The SNPsig®-SARS-CoV-95 

2-EscapePLEX assay is a new product designed for in vitro molecular diagnostics for allelic 96 

discrimination of SARS-CoV-2 VOCs. The procedure follows the standard real-time PCR 97 

method. This multiplex qPCR typing method allows discriminatory and simultaneous 98 

identification of four clinically significant mutations in the SARSCoV-2 Spike genome: 99 

E484K, K417N, K417T et P681R (NOVACYT, 2021). However, it is important to note that 100 

existing SNP assays may fail to detect or identify newly emerging variants that do carry a 101 

specific due to amino acid substitutions at sites affecting the primer/probe binding. Given the 102 

low-level of evidence on genomic surveillance of SARS-CoV-2 variants in RLS, and the need 103 

for SARS-CoV-2 rapid variant detection, it would be of paramount importance to understand 104 

the changes in circulating viral clades and their potential impacts on the performance of rapid 105 

variant detection assays available locally.  106 
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Within the frame of genomic surveillance, we therefore sought to study the dynamics 107 

of viral lineages/variants and to evaluate the performance of SNPsig®EscapePLEXsig kit as a 108 

rapid point mutation assay for SARS-CoV-2 clade surveillance in RLS like Cameroon.  109 

2 Materials and methods 110 

2.1 Study design 111 

Study type and population: A laboratory-based study was conducted from April 2020 112 

throughout August 2022 on nasopharyngeal specimens of individuals confirmed positive to 113 

COVID-19 by real-time PCR at the Virology Laboratory of the “Chantal BIYA” International 114 

Reference Centre in Yaoundé, Cameroon. Briefly, CIRCB a national reference laboratory for 115 

SARS-CoV-2 molecular testing and a reference centre genomic surveillance at country-level.  116 

Clinical specimens: The main criteria for sample selection were the mean of cycle threshold 117 

(Ct) value under 35 (ORF1ab, N genes; for DaAnGene RT-PCR assay). 118 

2.2 Detection of SARS-CoV-2 VOC with Sanger Spike-sequencing 119 

Following experience in Sanger sequencing protocol used as standard for viral 120 

genotyping (Fokam et al., 2022, 2011; Takou et al., 2019), the protocol for sequencing of 121 

SARS-CoV-2 was designed using new primers to amplify a fragment of the SARS-CoV-2 122 

genome encoding part of the Spike protein. 123 

2.2.1 RNA extraction:  124 

Viral RNA was manually extracted from 200 μL nasopharyngeal clinical swabs samples using 125 

the DaAnGene viral RNA Mini kit according to the manufacturer’s protocol 126 

(www.daangene.com). SARS-CoV-2 -RNA was then processed directly for conventional 127 

reverse transcription and amplification. 128 

2.2.2 Reverse transcription and PCR amplification: 129 

 130 
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 Viral RNA was retro-transcribed and amplified using the kit One-Step Invitrogen 131 

(SuperScript® One-Step for long templates RT/ PCR; Foster City, CA) and 2 different 132 

sequence-specific primers (5’-3’): 38F (-GTCAGTGTGTTAATCTTACAACCAG-) as the as the 133 

forward, and 1191R (-TGCATAGACATTAGTAAAGCAGAGA-) as the reverse, (the given 134 

position refers to the Wuhan strain of SARS-CoV-2). The RT-PCR reaction contained for for 135 

each sample 25 µl reaction mix, 8 µl MgSO 4 (5 mM), 3 µl DNAse- and RNAse-free water, 136 

0.75 µl sense primer (10 mM stock), 0.75 µl antisense primer (10 mM stock), 1 µl 137 

RNAseOUT (5 U/ µl Invitrogen), 1.5 µl RT-Taq (Superscript III RT/Platinum high fidelity ) 138 

and 10 µl of extracted RNA. The RT-PCR conditions consisted of an initial step of 1 cycle at 139 

50°C for 30 min; 1 cycle of 94°C for 2 min; 40 cycles (95°C, 30 s; 52°C, 30 s; 72°C, 90 s); a 140 

final elongation step of 1 cycle at 72°C for 10 min. The expected cDNA is about 1200 base 141 

pairs (bp)in length (position 38[orf]-1191 [orf]). For each PCR reaction, positive and negative 142 

controls were used to ensure the effectiveness of the reaction and the absence of cross-143 

contamination, respectively. Amplification results were revealed after agarose-gel 144 

electrophoresis and positive results were kept for the sequencing process. Then PCR products 145 

were purified through the ExoSAP-ITTM kit (Applied BiosystemsTM, Lithuania). 146 

2.2.3 Sequencing reaction (Sanger method):   147 

 148 

The amplified products from the ORF region were completely sequenced in the sense and 149 

antisense orientations using an automated sequencer (ABI 3500 Genetic Ana- lyzer) with four 150 

different overlapping sequence-specific primers: 38F,514F(TCTCAGCCTTTTCTTATGGACCT), 151 

655R (CCTGAGGGAGATCACGCACTA) and 1191F. The reaction mixture for the sequencing 152 

reaction contained 1.5 µl ABI PRISM Big Dye Terminator V3.1, 6.5 µl big dye diluent (from 153 

the kit), 4.8 µl DNAse/ RNAse-free water water, 3.2 µl primer (1 µM stock) and 2 µl of purified 154 

cDNA .The sequencing conditions were as follows: 35 cycles (96°C, 10 s; 55°C, 10 s; 60°C, 4 155 

min); 1 cycle of 4°C for 30 min. The sequencing product was purified by gel filtration 156 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



HELIYON 

chromatography using Sephadex G-50 resin (Sigma-Aldrich) in order to eliminate excess 157 

primers, unincorporated dideoxynucleotides (ddNTPs), and salts. Capillary electrophoresis 158 

was performed using an Applied Biosystems 3500 genetic analyzer (Applied Biosystems, 159 

Tokyo, Japan).  160 

2.2.4 SARS-CoV-2 sequence analysis 161 

The sequences were aligned assembled and edited by the reference sequence using 162 

SeqScape Version 2.7. Spike Sequence were interpreted using the COV19 database Stanford 163 

algorithm (https://covdb.stanford.edu) and NCBI (National Center for biotechnology 164 

information). SARS-CoV-2 Spike gene nucleotide sequences were submitted to GenBank 165 

using Bankit (https://www.ncbi.nlm.nih.gov/WebSub/).  166 

2.3   Detection of SARS-CoV-2 VOC with SNP genotyping 167 

SNP genotyping reaction was performed using the commercial SNPsig® SARS-CoV-168 

2 (EscapePLEX CE ) kit (PrimerDesign, UK); according to the manufacturer's protocol 169 

(PRIMER  DESIGN, 2022). This kit can be used on any thermocycler able to detect 170 

fluorescence in the FAM, HEX/VIC, ROX and Cy5 emission channels. The kit also 171 

includes primers for confirmation of a positive SARS-CoV-2 result. The kit contains all the 172 

necessary items to perform the test. The RT-qPCR reaction contained 5μL of RNA and 25ml 173 

of reaction mixture for each sample (10μL Master Mix OneStep, 1μL primers/probes, 4μL 174 

RNase/DNase free watter, un volume final de 15μL).  After preparation of the reaction 175 

mixture for genotyping, the real-time PCR reaction was performed on a thermocycler 176 

(QuantStidio 7 Flex, Applied Biosystems, by thermos Fisher) according to the following 177 

program: reverse transcription for 10min at 55oC, enzyme activation for 2min at 95oC, 45 178 

cycle of (denaturation for 10s at 95oC, hybridization and elongation for 60s at 60oC). 179 

Mutations and variants were interpreted according to the kit manufacturers' guidelines. 180 
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2.4 Data Analysis 181 

Descriptive statistics were performed for socio-demographic data and clinical 182 

parameters wherever available. Median and interquartile range (IQR) were reported for 183 

continuous variables. Chi-square (χ2) and Fisher's exact test were used for comparison, and 184 

the significance level was set at P ≤ 0.05. The SNP-ExcaPLEX kit sensitivity and specificity, 185 

were computed with their 95% confidence interval (CI). Cohen's kappa was used to estimate 186 

inter-assay concordance and results were interpreted according to the criteria proposed by 187 

Landis & Koch: k=0.01-0.20 (poor concordance), k=0.21-0.40 (fair concordance), k=0.41-188 

0.60 (moderate concordance), k=0.61-0.80 (strong concordance), and k=0.81-1.00 (almost 189 

perfect concordance)(Jr and Gg, 1977). The status of the sample was defined as “true 190 

positive”/”true negative” when sequencing data agreed with the results obtained with SNPsig 191 

SARS-CoV-2EscapePLEX and considered “false positive”/”false negative” when in 192 

disagreement. 193 

3 Results 194 

3.1 Characteristics of the study population 195 

A total of 163 participants were enrolled in the study, consisting of 45.16% (70/163) 196 

males and 54.84% (85/163) females; the median [IQR] age was 37 [28-49] years (min=2; 197 

max=82); and 30% (49/163) of the study population reported a COVID-19 related symptom. 198 

Half of the study population had a PCR Ct-value below 19 [16-23] cycles (min=9; max=33.5). 199 

3.2 Sanger sequencing assay performance 200 

Out of the 163 positive nasopharyngeal specimens processed, 88.96 % (145/163) were 201 

successfully amplified after RT-PCR. Regarding sequencing (by use of the Sanger method), 202 

130 Spike-sequences were successfully generated out of the 145 processed (89.65 %), giving 203 

an overall sequencing performance of 79.75% (130/163) [72.76-85.64] (95%CI). 204 
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3.3 SARS-CoV-2 Genetic diversity and lineage dynamics  205 

According to the local SARS-CoV-2 molecular epidemiology, variants were found in 206 

91(70 %) of 130 sequences. The dynamic of SARS-CoV-2 (Figure 1) during wave-1 (April-207 

November 2020) showed 97% (30/31) wild-type lineages and 3% (1/31) Gamma-variant; 208 

wave-2 (December 2020-May 2021) showed 25% (4/16) Alpha-variant, 25% (4/16) Beta-209 

variant, 44% (7/16) wild-type lineages and 6% (1/16) mu; wave-3 (June-October 2021) 210 

showed 93% (27/29) Delta-variant, 3.5% (1/29) Alpha-variant, 3.5% (1/29) wild-type 211 

lineages; wave-4 (November 2021-August 2022) showed 98% (53/54) Omicron-variant and 212 

2% (1/54) Delta-variant. Omicron sub-variants were 47% (25/53) BA.1, 34% (18/53) BA.5, 213 

13% (7/53) BA.2 and 6% (3/53) BA.4. 214 

Univariate analysis showed that only the Omicron variant was significantly related to 215 

the clinical status of patients (OR=0.10[0.03-0.37]; P=0.001). The prevalence of this variant was 216 

significantly lower in symptomatic patients (p=0.01) (Table 1). 217 

3.4 Clinical performance of SNP-EscapePLEX assay 218 

The profile of each reported viral strain was not statistically significantly different 219 

between the two methods used – Sequencing vs. EscapePLEX, indicating possible 220 

interchangeability of these variant screening assays (Table 2).  221 

Overall sensitivity and specificity of SNP-ESCAPLEX was 84%[78-87] and 89%[76-222 

95] respectively, which fall within the range of an acceptable performance in accuracy for the 223 

detection of COVID-19 variants in circulation (Table 3).  224 

According to viral strains, the sensitivity and specificity of SNP-Escaplex on Delta-225 

variant was 75% [63-76] and 100% [96-100] respectively; the sensitivity and specificity of 226 

SNP-Escaplex on Omicron-variants was 96% [90-96] and 100% [93-100] respectively 227 

respectively, indicating a very high accuracy in detecting Omicron from other pre-existing 228 

SARS-CoV-2 variants (Table 4).   229 
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 230 

4 Discussion 231 

The rapid emergence of SARS-CoV-2 variants requires immediate deployment of 232 

surveillance tools. Rapid detection of these variants is essential as their spread may have an 233 

impact on transmission rates, diagnostic procedures, disease severity, or vaccine response. To 234 

date, the monitoring of the occurrence and circulation of VOCs is almost exclusively done by 235 

NGS (Bhoyar et al., 2021; Chiara et al., 2021). This can be a huge constraint for global 236 

surveillance of SARS-CoV2 mutants, as the equipment and trained personnel to perform NGS 237 

are not widely available, particularly in resource-limited settings (RLS). Although it has not 238 

yet been licensed for identifying new variants, the SNPsig® SARS-CoV-2 kit (EscapePlex) is 239 

a rapid and cost-effective mean to discriminate between one of the previously characterised 240 

SARS-CoV2 variants. This study allowed us to assess the molecular epidemiology of VOCs, 241 

and then, in comparison to the Sanger sequencing result, to validate the performance of the 242 

SNPescaPLEX kit for rapid VOC screening nationwide. 243 

The majority of our study population were asymptomatic (70%; 114/163), even in 244 

advent of omicron variant, which was found in this study to be very infectious but inversely 245 

proportional with symptomatology and thus disease severity. A previous study conducted in 246 

Cameroon observed a similar clinical profile, reporting specifically 4% of symptomatic 247 

patients (Fainguem et al., 2022). Other reports of studies conducted in different settings 248 

confirmed that the virus can infect without causing clinical manifestations (Oran and Topol, 249 

2020;Meo et al., 2021). 250 

In the analysis of the molecular epidemiology of SARS-CoV-2, Sanger genotyping 251 

allowed us to detect all VOCs in Cameroon, including Alpha, Beta, Gamma, Delta. Regarding 252 

the dynamics of VOC occurrence (Figure 1), the first epidemiological wave is characterised by a 253 

massive circulation of the lineage of origin. Gamma-VOC was identified in only one strain during this 254 
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period, suggesting that community transmission had not occurred in the country with this particular 255 

VOC, or the sample size was not representative. In the second wave we observe the appearance of the 256 

Alpha and Beta variants in co-circulation with the wild lineage. In the third wave we observe strong 257 

circulation of the Delta variant, with a significant decrease in the prevalence of the Alpha variant 258 

(3.5%). In the fourth wave, corresponding to the current wave, Omicron variant predominates at about 259 

100%. This epidemiological profile observed in Cameroon since the beginning of the pandemic 260 

corresponds to that observed in several other countries of the world(Afrin et al., 2022; Eales et al., 261 

2022; Fujino et al., 2021).  The SARS-CoV-2 Omicron variant of concern (l B.1.1.529), which became 262 

dominant in many countries in early 2022, comprises several sub-variants. In our context, in the first 263 

quarter (January-March 2022) the BA.1 sub-variant was the only one in circulation (100%). This was 264 

quickly replaced by the sub-variants BA.2 at 75% (3/4) and BA.4 at 25% (1/4) in the second quarter 265 

(April-June 2022). In the third quarter, we observe the appearance of the BA.5 sub-variant (75%) 266 

which co-circulates mostly with BA.2 and BA.4. These results are still in line with the European 267 

epidemiological profile, which is driven by the BA.4 and BA.5 sub-variants (ECDC, 2022). This 268 

profile also reveals the absence of other omicron sub-variants such as BA.3 and recombinant 269 

forms in our context, probably suggesting a low efficacy of the primers used for these sub-270 

lineages and sub-variants (Tegally et al., 2022).  271 

Overall, Sanger sequencing demonstrated a success rate of approximately 79.75% 272 

(130/163). A similar result was obtained previously, reporting an estimated overall 273 

sequencing success rate of 85.1% (166/195) and suggested that low viremia is likely to be 274 

associated with sequence failure using the Sanger approach (Jørgensen et al., 2021); calling 275 

thus for these patients, to implement more sensitive sequencing methods such as the NGS – 276 

with the advantage of enabling whole genome sequencing for better appreciation of viral 277 

diversity.  278 

When comparing the two methods (EscaPLEX versus Sanger), the prevalence rates of 279 

each variant were not significant (P>0.05) (Table3). However, as opposed to Sanger 280 
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sequencing, EscaPLEX could not identify the Gamma, implying potential low effectiveness of 281 

this new kit in detecting certain VOC as observed in a study in Burkina Faso, where the 282 

frequency of the Beta variant (56.6%) analysed with the SNPsig® SARS-CoV-2 kit 283 

(EscapePlex) was lower than with the SNPsig® VariPLEX™ kit (75.6%)(Soubeiga et al., 284 

2022).  As an alternative to sequencing, the SNP_SARSCoV-2-EscapePLEX Kit has received much 285 

attention as a genotyping test for the rapid detection and identification of SARS-CoV-2 VOCs 286 

(Chaintoutis et al., 2021; Umair et al., 2022). Overall, for its ability to discriminate between variants 287 

and wild-type strains, our analyses show that the SNP_SARSCoV-2-EscapePLEX kit has high 288 

sensitivity (84% [78-87]) and specificity (89% [76-95]), and would be suitable for preliminary 289 

identification of VOC in Cameroon. In terms of its ability to discriminate each SARSCoV-2 variant, 290 

this kit demonstrated good concordance with sequencing (Ka= 0.97 [0.93-0.98]) and a better ability to 291 

discriminate the Omicron variant with a sensitivity of 96% [93-98]. This result is in line with the 292 

manufacturer's finding of 100% sensitivity for the identification of the omicron-specific K417N 293 

mutation according to the interpretation algorithm (PRIMER  DESIGN, 2022). However, in 294 

comparison to sequencing, our analysis reveals a zero sensitivity (0%) for the detection of the Gamma 295 

variant. This result is also in agreement with the manufacturer who found a null sensitivity for the 296 

identification of K417N (which, in association with E484K mutation confirms infection by a Gamma 297 

variant; see table2). This finding therefore advocates for an improvement of the clinical performance 298 

of the kit in order to fit to the molecular epidemiology within the country; enabling quick detection, 299 

and subsequent adequate response to circulating VOCs.  300 

5 Conclusion 301 

There is a rapid change in the molecular epidemiology of SARS-CoV-2 in Cameroon, 302 

moving from wild-type lineages to Omicron variants and sub-variants. This evidence 303 

underscores the need for genomic surveillance to support the pandemic control strategy. For 304 

the rapid detection of viral clades, SNPsig SARSCoV-2 EscapePLEX kit is suitable in 305 

identifying VOC circulating in RLS within simple PCR facilities available in sevral molecular 306 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



HELIYON 

biology laboratories in RLS. With the emergence of Omicron sub-variants, rapid variant 307 

detection tools should be upgraded to distinguish between sub-variants.  308 
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 492 

Figure 1: Dynamics of SARS-CoV-2 strains across different waves  493 
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Table 1: Univariate analysis of biological and clinical characteristics and SARSCoV-2 504 

variants Of Concern. 505 

 506 

Table 2: SARS-CoV-2 Variant and Lineage of origin detected using Sanger sequencing and 507 

SNP- ExcaPLEX kits. 508 

VOCs Sanger sequencing SNP- ExcaPLEX  P-Value  

Wild-type 30.00 (39/130) 35.38 (46/130) 0.35 

Alpha 3.85(5/130) 6.92 (9/130) 0.24 

Beta 2.31(3/130) 2.31 (3/130) 1.00 

Gamma 0.77(1/130) 0.00 (0/130) 0.32 

Mu 0.77(1/130) 0.00 (0/130) 0.32 

Delta 21.54(28/130) 16.15 (21/130) 0.26 

Omicron 40.77(53/130) 39.23(51/130) 0.80 

 509 
 510 

 511 
 512 

 513 
 514 

 515 
 516 
 517 
 518 
 519 
 520 

Variant           Clinical status OR (IC95%) P-Value 

 Asymptomatic Symptomatic   

Lineage of 

origin 

24 15 1  

Alpha 3(60%) 2(40%) 1.11[0.16-7.40] 0.91 

Beta 1(33.33%) 2(66.66%) 3.33[0.28-39.01] 0.34 

Gamma 0 1(100%) -- -- 

Delta 17(60.71%) 11(39.28%) 1.08[0.40-8-2.90] 0.87 

Omicron 50(94.33%) 3(05.67%) 0.10[0.03-0.37] 0.001 
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Table 3: Clinical Performance of SNPsig SARS-CoV-2 EscapePLEX 521 

 522 
 523 

 524 

 525 

 526 

 527 

 528 

 529 

Table4: Intrinsic features of RT-PCR genotyping Kit  530 

                                                          Spike-genome sequencing 

SNP-EscapePLEX 

(A) Alpha-variant vs Non Alpha 

 Alpha Non Alpha 

Alpha 78 4 

Non Alpha- 15 33 

Se=84% [78-86]; Sp=89%[76-96]; PPV=95%[89-98] ; NVP=69%[59-74] Ka=  0.67 [0.51-0.76] 

(B) Beta-variant vs Non Beta 

 Beta Non Beta 

     Beta 2 2 

     Non Beta 1 125 

Se=67% [14-97]; Sp=98%[97-99]; PPV=50%[10-76] ; NVP=99%[97-1000] Ka=  0.56 [0.09-0.83]       

(C) Gamma-variant vs Non Gamma 

 Gamma Non Gamma 

      Gamma 0 0 

     Non Gamma 1 129 

Se=0% ; Sp=100%  

(D) Delta-variant vs Non Delta 

 Delta Non Delta 

     Delta 21 0 

    Non Delta 7 102 

Se=75% [63-75] ; Sp=100% [96-100]; PPV=100%[84-100];NVP=94%[74-94] Ka=  0.82 [0.65-

0.83] 

(E) Omicron-variant vs Non Omicron 

 Omicron Non Omicron 

      Omicron 51 0 

     Non Omicron 2 77 

Se=96% [93-98]; Sp=100% [95-100]; PPV=100%[94-100] ; NVP=97%[95-100]  Ka= 0.97 [0.93-

0.98]       

Se=Sensitivity; Sp= Specificity; PPV= Positive Predictive Value; NPV= Negative Predictive 

Value 

 531 

                               Sequencing result  

  Sars-cov-2 Variant Ligneage of origine Total 

   SNP-

EscapePLEX) 

Sars-cov-2 Variant 78 4 82 

Ligneage of origine 15 33 48 

Total   93  37  130 

Sensitivity (Se)=84%[78-87];  Speficity(Sp)=89%[76-95];     Ka(Kappa)=  0.67 [0.51-076];        
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