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A B S T R A C T   

Background: Surveillance of SARS-CoV-2 variants of concern (VOCs) and lineages is crucial for 
decision-making. Our objective was to study the SARS-CoV-2 clade dynamics across epidemio-
logical waves and evaluate the reliability of SNPsig® SARS-CoV-2 EscapePLEX CE in detecting 
VOCs in Cameroon. 
Material and methods: A laboratory-based study was conducted on SARS-CoV-2 positive naso-
pharyngeal specimens cycle threshold (Ct)≤30 at the Chantal BIYA International Reference 
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Centre in Yaoundé-Cameroon, between April-2020 to August-2022. Samples were analyzed in 
parallel with Sanger sequencing and (SNPsig® SARS-CoV-2 EscapePLEX CE), and performance 
characteristics were evaluated by Cohen’s coefficient and McNemar test. 
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 %). Globally, the two genotyping methods accurately identified 
the SARS-CoV-2 VOCs (P = 0.17, McNemar test; Ka = 0.67). 
Conclusion: Genomic surveillance reveals a rapid dynamic in SARS-CoV-2 strains between 
epidemiological waves in Cameroon. For wide-spread variant surveillance in resource-limited 
settings, SNPsig® SARS-CoV-2 EscapePLEX CEkit represents a suitable tool, pending upgrading 
for distinguishing Omicron sub-lineages.   

1. Introduction 

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has spread 
worldwide with several implications [1]. In Africa, 53 countries have been affected as of 2022 with 12,059,691 confirmed cases, with 
255,698 deaths and 11,433,772 recoveries [2]. In Cameroon, the first case of SARS-CoV-2 was reported on 6 March 2020. It then 
spread rapidly nationwide, and by the end of December 2022, there were 123,480 confirmed cases, including1 957 deaths, 120,773 
recoveries (recovery rate: 97.8 %), and 1,561,462 people had received at least one dose of vaccine (Ministry of Public Health, 2022) 
[3]. Alongside these figures, with anecdotal clinical implications, SARS-CoV-2 variants of concern (VOC) have emerged and circulated 
around the world [4,5]. 

On 11 May 2021, the World Health Organisation (WHO) designated four different VOCs, including the B.1.1.7 (Alpha lineage; UK 
in September 2020), B.1.351 (Beta lineage; South Africa in May 2020), P.1 (Gamma lineage; Brazil in November 2020) et B.1.617.2 
(Delta lineage; India in October 2020) [6].WHO designated the Pango B.1.1.529 line as Omicron (first case reported from South Africa, 
in November 2021), a VOC which has spread rapidly around the world [7]. Each of these VOCs is characterized by a combination of 
mutations, some of which may also increase the virulence of SARS-CoV-2 and its ability to evade vaccines or other social and public 
health measures [6]. During the SARS-CoV-2 pandemic, global genomic epidemiological surveillance became crucial to monitoring the 
emergence of new variants. Current methods for the detection and characterisation of SARS-CoV-2 variants include either sequencing 
or typing by Single nucleotide polymorphism (SNP) assays. Of note, sequencing is the gold standard for the identification of 
SARS-CoV-2 variants while SNP is used as a near point-of-care approach for typing of variants in settings with limited laboratory 
infrastructure. Sequencing is time consuming, cumbersome and is not financially affordable for resource-limited settings (RLS) [8,9]. 
In this frame, polymerase chain reaction (PCR) Point Mutation Assay (SNPsig®EscapePLEX) can be an alternative for the identification 
of VOCs, as it can provide very fast results with less consumables and reagents. As a conventional sequencing method, Sanger-based 
assay is advantageous in terms of analysis time and number of samples processed and cost per sample [10]. Nonetheless, partial 
genome sequencing, on targeted genes of interest, does not allow the detection of recombination and new/additional mutations in 
non-sequenced areas of the genome. 

For rapid interventions in response to the evolution of SARS-CoV-2 variants, Cameroon has acquired a simplified genotyping kit, 
SNPsig® SARS-CoV-2 EscapePLEX CE of the “NOVACYT GROUP” company (www.novacyt.com). This kit was developed to increase 
the feasibility and efficiency of genomic surveillance of SARS-CoV-2 variants in resource-limited settings (RLS) as an alternative to 
sequencing method. The SNPsig® SARS-CoV-2 EscapePLEX CE assay is a new product designed for in vitro molecular diagnostics for 
allelic discrimination of SARS-CoV-2 VOCs (specifically alpha, beta, gamma, delta and omicron variants; see Table 1). The procedure 
follows the standard real-time PCR method. This multiplex qPCR typing method allows discriminatory and simultaneous identification 
of four clinically significant mutations in the SARSCoV-2 Spike genome: E484K, K417 N, K417T et P681R [11]. However, it is 
important to note that existing SNP assays may fail to detect or identify newly emerging variants that carry mutations due to amino 

Table 1 
Table showing the differential mutation profiles exhibited by Alpha Beta, Gamma, Delta, and Omicron SARS-CoV-2 variants with SNPsig® SARS-CoV- 
2 EscapePLEX CE.  

FAM (E484K) HEX (K417 N) ROX (K417T) Cy5 (P681R) Result Indicative of: 

- þ - - Positive for K417 N Omicron 
- - - þ Positive for P681R Delta 
- þ - þ Positive for Delta with K417 N 
þ þ - - Positive for E484K and K417 N Beta 
þ - þ - Positive for E484K and K417T Gamma 
þ - - - Positive for E484K Alpha with E484 
- - - - Negative* Wild type, or other variant  
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acid substitutions at sites affecting the primer/probe binding. Given the low-level of genomic surveillance of SARS-CoV-2 variants in 
RLS, and the need for SARS-CoV-2 rapid variant detection, it would be of paramount importance to understand the changes in 
circulating viral clades and their potential impacts on the performance of rapid variant detection assays available locally. 

Our study objectives were: (1) to describe the dynamics of viral lineages/variants according waves, and (2) to evaluate the per-
formance of SNPsig® SARS-CoV-2 EscapePLEX CE kit (rapid point mutation assay) for SARS-CoV-2 clade detection. 

2. Materials and methods 

2.1. Study design 

Study type and population: A laboratory-based study was conducted from April 2020 throughout August 2022 on nasopha-
ryngeal specimens of individuals confirmed positive (symptomatic or asymptomatic) for COVID-19 by real-time PCR at the Virology 
Laboratory of the “Chantal BIYA” International Reference Centre (CIRCB) in, Cameroon. CIRCB is a national reference laboratory for 
SARS-CoV-2 molecular testing and a reference centre for genomic surveillance at country-level. 

Clinical specimens: The main criteria for sample selection were the cycle threshold values (Ct) ≤30 after real-time PCR by DaAn 
Gene RT-PCR assay that targets the SARS-CoV-2 open reading frame (ORF) and nucleocapsid (N) genes. 

2.2. Detection of SARS-CoV-2 VOC with Spike gene sanger-based sequencing (gold standard) 

Following experience in viral Sanger sequencing protocols [12–14], the protocol for sequencing of SARS-CoV-2 was designed using 
new primers targeting around 1200bp of the Spike protein within SARS-CoV-2 genome, including the receptor binding domain (RBD). 
Of note, Spike RBD is relevant to SARS-CoV-2 infectivity, transmission, and antibody-mediated neutralization [15,16]. This region is 
used to identify SARSCoV-2-VOCs [17,18]. 

2.2.1. RNA extraction 
Viral RNA was manually extracted from 200 μL nasopharyngeal clinical swabs samples using the DaAnGene viral RNA Mini kit 

according to the manufacturer’s protocol (www.daangene.com). SARS-CoV-2 -RNA was then processed directly for conventional 
reverse transcription and amplification. 

2.2.2. Reverse transcription and PCR amplification 
Viral RNA was retro-transcribed and amplified using the kit One-Step Invitrogen (SuperScript® One-Step for long templates RT/ 

PCR; Foster City, CA) and 2 different sequence-specific primers (5′-3′): 38F (-GTCAGTGTGTTAATCTTACAACCAG-) as the forward, and 
1191R (-TGCATAGACATTAGTAAAGCAGAGA-) as the reverse, (the given position refers to the Wuhan strain of SARS-CoV-2). The RT- 
PCR reaction contained for each sample 25 μl reaction mix, 8 μl MgSO 4 (5 μM), 3 μl DNAse- and RNAse-free water, 0.75 μl sense 
primer (10 μM stock), 0.75 μl antisense primer (10 μM stock), 1 μl RNAseOUT (5 U/μl Invitrogen), 1.5 μl RT-Taq (Superscript III RT/ 
Platinum high fidelity) and 10 μl of extracted RNA. The RT-PCR conditions consisted of an initial step of 1 cycle at 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 final elongation step of 1 cycle at 72 ◦C for 10 min. The 
expected cDNA is about 1200 base pairs (bp)in length (position 38 [ORF]-1191 [ORF]). For each PCR reaction, positive and negative 
controls were used to ensure the effectiveness of the reaction and the absence of cross-contamination, respectively. Amplification 
results were revealed after agarose-gel electrophoresis and positive results were kept for the sequencing process. Then PCR products 
were purified through the ExoSAP-IT™ kit (Applied Biosystems™, Lithuania). 

2.2.3. Sequencing reaction (sanger method) 
The amplified products from the ORF region were completely sequenced in the sense and antisense orientations using an automated 

sequencer (ABI 3500 Genetic Analyzer) with four different overlapping sequence-specific primers: 38F, 514F(TCTCAGCCTTTTCT-
TATGGACCT), 655R (CCTGAGGGAGATCACGCACTA) and 1191F. The reaction mixture for the sequencing reaction contained 1.5 μl 
ABI PRISM Big Dye Terminator V3.1, 6.5 μl big dye diluent (from the kit), 4.8 μl DNAse/RNAse-free water, 3.2 μl primer (1 μM stock) 
and 2 μl of purified cDNA. The sequencing conditions were as follows: 35 cycles (96 ◦C, 10 s; 55 ◦C, 10 s; 60 ◦C, 4 min); 1 cycle of 4 ◦C 
for 30 min. The sequencing product was purified by gel filtration chromatography using Sephadex G-50 resin (Sigma-Aldrich,USA) in 
order to eliminate excess primers, unincorporated dideoxynucleotides (ddNTPs), and salts. Capillary electrophoresis was performed 
using an Applied Biosystems 3500 genetic analyzer (Applied Biosystems, Japan). 

2.2.4. SARS-CoV-2 sequence analysis 
The sequences were aligned assembled and edited by the reference sequence using SeqScape Version 2.7. Spike Sequence were 

interpreted using the COV19 database Stanford algorithm (https://covdb.stanford.edu) and NCBI (National Center for biotechnology 
information).SARS-CoV-2 Spike gene nucleotide sequences were submitted to GenBank using Bankit (https://www.ncbi.nlm.nih.gov/ 
WebSub/). 

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

SNP genotyping reaction was performed using the commercial SNPsig® SARS-CoV-2 EscapePLEX CE kit (PrimerDesign, UK); 
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according to the manufacturer’s protocol [19]. This kit can be used on any thermocycler able to detect fluorescence in the FAM, 
HEX/VIC, ROX and Cy5 emission channels. The kit also includes primers for confirmation of a positive SARS-CoV-2 result. The kit 
contains all the necessary items to perform the test. The RT-qPCR reaction contained 5 μL of RNA and 25 ml of reaction mixture for 
each sample (10 μL Master Mix OneStep, 1 μL primers/probes, 4 μL RNase/DNase free water, un volume final de 15 μL). After 
preparation of the reaction mixture for genotyping, the real-time PCR reaction was performed on a thermocycler (QuantStudio 7 Flex, 
Applied Biosystems, by Thermos Fisher) according to the following program: reverse transcription for 10min at 55◦C, enzyme acti-
vation for 2min at 95◦C, 45 cycle of (denaturation for 10s at 95◦C, hybridization and elongation for 60s at 60◦C). Mutations and 
variants were interpreted according to the manufacturers’ guidelines (Table 1). 

2.4. 3.4 Data analysis 

Descriptive statistics were performed for socio-demographic data and clinical parameters wherever appropriate; median and 
interquartile range (IQR) were reported for continuous variables. Univariate analyses were performed to assess the association be-
tween SARS-CoV-2 VOCs and patients’ symptoms, with odds ratio (OR) at 95 % confidence interval. The McNemar test was used to 
evaluate the reliability of SNPsig® SARS-CoV-2 EscapePLEX CE compared to the sanger sequencing method (gold standard) in the 
rapid identification of SARS-CoV-2 VOCs. All P values were 2-tailed with 0.05 as the criterion for statistical significance. Cohen’s kappa 
was used to estimate inter-assay concordance and results were interpreted according to the criteria proposed by Landis & Koch: ka =
0.01–0.20 (poor concordance), ka = 0.21–0.40 (fair concordance), ka = 0.41–0.60 (moderate concordance), ka = 0.61–0.80 (strong 
concordance), and ka = 0.81–1.00 (excellent concordance) [20]. 

3. Results 

3.1. Characteristics of the study population 

A total of 163 participants were enrolled in the study, consisting of 42.94 % (70/163) males and 52.15 % (85/163) females; the 
median [IQR] age was 37 [28–49] years (min = 2; max = 82); and 30.06 % (49/163) of the study population reported a COVID-19 
related symptom. Half of the study population had a PCR Ct-value below 19 [16–23] cycles (min = 9; max = 33.5). 

3.2. Sanger sequencing assay performance 

Out of the 163 positive nasopharyngeal specimens processed, 88.96 % (145/163) were successfully amplified after RT-PCR. 
Regarding sequencing (by use of the Sanger method), 130 Spike-sequences were successfully generated out of the 145 processed 
(89.65 %), giving an overall sequencing performance of 79.75 % (130/163); 95%CI = 72.76–85.64. 

3.3. SARS-CoV-2 genetic diversity and lineage dynamics overtime 

According to the local SARS-CoV-2 molecular epidemiology, variants were found in 91 (70 %) of 130 sequences. The dynamic of 
SARS-CoV-2 (Fig. 1) during wave-1 (April–November 2020) showed 97 % (30/31) wild-type lineages and 3 % (1/31) Gamma-variant; 
wave-2 (December 2020–May 2021) showed 25 % (4/16) Alpha-variant, 25 % (4/16) Beta-variant, 44 % (7/16) wild-type lineages and 

Fig. 1. Variants of SARS-CoV-2 strains across different waves, Cameroon, April 2000–August 2022 N = 130.  

J. Fokam et al.                                                                                                                                                                                                         



Heliyon 10 (2024) e29243

5

6 % (1/16) mu; wave-3 (June–October 2021) showed 93 % (27/29) Delta-variant, 3.5 % (1/29) Alpha-variant, 3.5 % (1/29) wild-type 
lineages; wave-4 (November 2021–August 2022) showed 98 % (53/54) Omicron-variant and 2 % (1/54) Delta-variant. Omicron sub- 
variants were 47 % (25/53) BA.1, 34 % (18/53) BA.5, 13 % (7/53) BA.2 and 6 % (3/53) BA.4. 

Univariate analysis showed that only the Omicron variant was significantly related to the clinical status of clinical status of patients 
(OR = 0.10 [0.03–0.37]; P = 0.001). The prevalence of this variant was significantly lower in symptomatic patients (p = 0.01) 
(Table 2). 

3.4. Performance characteristics of SNPsig® SARS-CoV-2 EscapePLEX CE assay 

Looking at the McNemar test, SARS-CoV-2 VOCs and lineage of origin distribution was not statistically or significantly (P = 0.17) 
different between the two methods used –Sequencing versus SNP genotyping with strong agreement (Ka [95 % CI] = 0.66 [0.53–0.80]) 
between the two genotyping methods (Table 3). For the identification of each VOCs, statistical analysis (McNemar test and cohen’s 
Kappa) showed, there was no significant difference with good agreement between the two genotyping methods for the identification of 
the following SARS-CoV-2 VOCs: Alpha (P = 0.34; Ka = 0.25); Beta-variants (p = 1; Ka = 0.66), Omicron-variant (p = 0.50; ka = 0.96 
(Table 4). However, these analyses showed, there was a significant difference between the two tests for the identification of the Delta 
variant (P = 0.02), despite the excellent agreement observed between the two tests (Ka = 0.82) for the detection of this VOC. 

4. Discussion 

The rapid emergence of SARS-CoV-2 variants required immediate deployment of surveillance tools. Rapid detection of these 
variants is essential as their spread may have an impact on transmission rates, diagnostic procedures, disease severity, or vaccine 
response. To date, the monitoring of the occurrence and circulation of SARS-CoV-2 VOCs is almost exclusively done by next-generation 
sequencing (NGS) [21,22]. This can be a huge constraint for global surveillance of SARS-CoV-2 mutants, as the equipment and trained 
personnel to perform NGS are not widely available, particularly in resource-limited settings. Although it has not yet been licensed for 
identifying new variants, the SNPsig® SARS-CoV-2 EscapePLEX CE is a rapid and cost-effective means to discriminate between one of 
the previously characterised SARS-CoV-2 variants. This study allowed us to assess the molecular epidemiology of VOCs, and then, in 
comparison to the Sanger sequencing result, to validate the performance of the SNPsig® SARS-CoV-2 EscapePLEX CE kit for rapid VOC 
typing nationwide. 

The majority of our study population were asymptomatic (70 %; 114/163), even in advent of omicron variant, which was found in 
this study to be very infectious but inversely proportional with symptomatology and thus disease severity. A previous study conducted 
in Cameroon observed a similar clinical profile, reporting specifically 4 % of symptomatic patients [23]. Other reports of studies 
conducted in different settings confirmed that the virus can infect without causing clinical manifestations [24,25]. 

In the analysis of the molecular epidemiology of SARS-CoV-2, Sanger genotyping allowed us to detect all VOCs in Cameroon, 
including Alpha, Beta, Gamma, Delta and Omicron. Regarding the dynamics of VOC occurrence (Fig. 1), the first epidemiological wave 
is characterised by a massive circulation of the lineage of origin (wild type). Gamma-VOC was identified in only one strain during this 
period, suggesting that community transmission had not occurred in the country with this particular VOC, or the sample size was not 
representative. In the second wave we observe the appearance of the Alpha and Beta variants in co-circulation with the wild lineage. In 
the third wave we observe strong circulation of the Delta variant, with a significant decrease in the prevalence of the Alpha variant 
(3.5 %). In the fourth wave, corresponding to the current wave, Omicron variant predominates at about 100 %. This epidemiological 
profile observed in Cameroon since the beginning of the pandemic corresponds to that observed in several other countries of the world 
[26] [–] [28]. The SARS-CoV-2 Omicron variant of concern (B.1.1.529), which became dominant in many countries in early 2022, 
comprises several sub-variants. In our context, in the first quarter (January–March 2022) the BA.1 sub-variant was the only one in 
circulation (100 %). This was quickly replaced by the sub-variants BA.2 at 75 % (3/4) and BA.4 at 25 % (1/4) in the second quarter 
(April–June 2022). In the third quarter, we observe the appearance of the BA.5 sub-variant (75 %) which co-circulates mostly with 
BA.2 and BA.4. These results are still in line with the European epidemiological profile, which is driven by the BA.4 and BA.5 
sub-variants [29]. This profile also reveals the absence of other omicron sub-variants such as BA.3 and recombinant forms in our 
context, probably suggesting a low efficacy of the primers used for these sub-lineages and sub-variants [30]. 

Overall, Spike targeted sequencing through the Sanger approach demonstrated a success rate of approximately 79.75 % (130/163). 
A similar result was obtained previously, reporting an estimated overall sequencing success rate of 85.1 % (166/195), suggesting that 

Table 2 
Clinical characteristics and SARSCoV-2 variants of concern.  

Variant Clinical status OR (95 % CI) 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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low viremia is likely to be associated with sequencing failure [31].Additionally, primers designed for specific regions located inside 
recombination breakpoints cannot detect recombinant strains. These findings therefore call for the implemention of more sensitive 
sequencing methods be it for targeted sequencing or for a whole genome sequencing analysis. 

As an alternative to sequencing, the SNPsig® SARS-CoV-2 EscapePLEX CE Kit has received much attention as a genotyping test for 
the rapid detection and identification of SARS-CoV-2 VOCs [32,33]. Our analyses showed an overall good concordance with Sanger 
sequencing in discriminating between variants and wild-type strains (Table 3), thus suggesting its suitability for preliminary identi-
fication of VOCs in Cameroon. As concerns its ability to discriminate each VOCs, the kit demonstrated excellent concordance with 
Sanger sequencing regarding the identification of omicron and delta variants; in line with the manufacturer’s finding of 100 % 
sensitivity for the identification of the omicron-specific K417 N mutation [19]. Interestingly, the statistical significance reported in the 
SNP performance for the identification of Delta, in the frame of an acceptable concordance between the study assays, underscores 
possible pre-existing mutants in the sequences not yet integrated in the point mutation device. This therefore calls for a regular 
updating of such SNP assays in the context of a dynamic outbreak, epidemic or pandemic. These lessons appear very relevant in the 
preparation and response to future pandemic. However, in comparison to sequencing, our analysis reveals a moderate and a fair 
concordance respectively for beta and alpha variants. Even though we had a small sample size for these specific VOCs, these findings 
suggest the need for an improvement of the clinical performance of the kit in order to fit to the molecular epidemiology within the 
country; enabling quick detection, and subsequent adequate response to circulating VOCs. 

As study limitations, we did not include negative samples, which would have helped assess both intrinsic and extrinsic features 
(sensitivity, specificity and predictive values) of SNPsig® SARS-CoV-2 EscapePLEX CE. Also, the small sample size especially for some 
VOCs such as Gamma did not let us evaluate the capacity of this kit to discriminate this specific variant of concern. 

Table 3 
Global performance of SNPsig SARS-CoV-2 EscapePLEX CE.  

Sequencing results  

Lineage of origin Sars-cov-2 Variant Total 

SNP-EscapePLEX Lineage of origin 33 13 46 
Sars-cov-2 Variant 6 78 84 

Total  39 91 130 
ΔPb–Pa: 0.054; p = 0.17; Ka (95 % CI) = 0.67 (0.53–0.80) 

Legend: ΔPb–Pa: represents the difference between the two proportions; p (p-value): represents the level of significance of the difference; Ka(kappa 
value): represents the level of agreement between the two tests. 

Table 4 
Performance characteristics of SNPsig SARS-CoV-2 EscapePLEX (capacity to discriminated each VOCs).  

Spike-genome sequencing SNP-EscapePLEX  

(A) Alpha-variant vs Non Alpha  
Alpha Non Alpha Total 

Alpha 2 7 9 
Non Alpha- 3 118 121 
Total 5 125 130 
ΔPb–Pa: 0.031; p = 0.340; Ka (95 % CI) = 0.25 (0–0.69) 
(B) Beta-variant vs Non Beta  

Beta Non Beta Total 
Beta 2 2 4 
Non Beta 1 125 126 
Total 3 127 130 
ΔPb–Pa: 0.008; p = 1.000; Ka (95 % CI) = 0.66 (0.18–1.00) 
(C) Delta-variant vs Non Delta  

Delta Non Delta Total 
Delta 21 0 21 
Non Delta 7 102 109 
Total 28 102 130 
ΔPb–Pa: 0.054; p = 0.016; Ka (95 % CI) = 0.82 (0.70–0.94) 
(D) Omicron-variant vs Non Omicron  

Omicron Non Omicron Total 
Omicron 51 0 51 
Non Omicron 2 77 79 
Total 53 77 130 
ΔPb–Pa: 0.015; p = 0.500; Ka (95 % CI) = 0.96 (0.92–1.00) 

Legend: ΔPb–Pa: represents the difference between the two proportions; p (p-value): represents the level of significance of the 
difference; Ka (kappa value): represents the level of agreement between the two tes. 
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5. Conclusion 

There was a rapid change in the molecular epidemiology of SARS-CoV-2 in Cameroon, moving from wild-type lineages to Omicron 
variants and sub-variants. These results underscore the need for genomic surveillance to support the pandemic control strategy. For the 
rapid detection of viral clades, SNPsig® SARS-CoV-2EscapePLEX CE kit is suitable in identifying SARS-CoV-2 VOCs circulating in RLS 
within simple PCR facilities available in molecular biology laboratories in RLS. With the emergence of Omicron sub-variants, rapid 
variant detection tools may need to be upgraded to distinguish between sub-variants. 
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Yaoundé-Cameroon for hosting the current study. We also acknowledge the national public health emergency operations coordination 
centre on COVID-19 for contributing to the project implementation. 

J. Fokam et al.                                                                                                                                                                                                         

https://www.ncbi.nlm.nih.gov/nuccore/2427497792
https://www.ncbi.nlm.nih.gov/nuccore/OQ248384


Heliyon 10 (2024) e29243

8

References 

[1] N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, Y. Qiu, J. Wang, Y. Liu, Y. Wei, J. Xia, T. Yu, X. Zhang, L. Zhang, Epidemiological and clinical characteristics 
of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study, Lancet 395 (2020) 507–513, https://doi.org/10.1016/S0140-6736(20) 
30211-7. 

[2] P.H.E.O.C. Pheocc, Cameroon COVID-19 situation report, CCOUSP. https://www.ccousp.cm/documentations/rapports-de-situation-covid-19/, 2022. (Accessed 
20 December 2022). 

[3] Ministry of Public Health, COVID-19 situation report, CCOUSP (2022). Pages 1-5. https://www.ccousp.cm/documentations/rapports-de-situation-covid-19/. 
(Accessed 26 October 2022). 

[4] G. Gabutti, E. d’Anchera, F. Sandri, M. Savio, A. Stefanati, Coronavirus: update related to the current outbreak of COVID-19, Infect. Dis. Ther. 9 (2020) 241–253, 
https://doi.org/10.1007/s40121-020-00295-5. 

[5] A. Sanyaolu, C. Okorie, A. Marinkovic, N. Haider, A.F. Abbasi, U. Jaferi, S. Prakash, V. Balendra, The emerging SARS-CoV-2 variants of concern, Ther. Adv. 
Infect. Dis. 8 (2021) 20499361211024372, https://doi.org/10.1177/20499361211024372. 

[6] W.H.O. Who, Tracking SARS-CoV-2 variants. https://www.who.int/activities/tracking-SARS-CoV-2-variants, 2021. (Accessed 4 October 2022). 
[7] A.A. Weil, K.G. Luiten, A.M. Casto, J.C. Bennett, J. O’Hanlon, P.D. Han, L.S. Gamboa, E. McDermot, M. Truong, G.S. Gottlieb, Z. Acker, C.R. Wolf, A. Magedson, 

E.J. Chow, N.K. Lo, L.C. Pothan, D. McDonald, T.C. Wright, K.M. McCaffrey, M.D. Figgins, J.A. Englund, M. Boeckh, C.M. Lockwood, D.A. Nickerson, 
J. Shendure, T. Bedford, J.P. Hughes, L.M. Starita, H.Y. Chu, Genomic surveillance of SARS-CoV-2 Omicron variants on a university campus, Nat. Commun. 13 
(2022) 5240, https://doi.org/10.1038/s41467-022-32786-z. 

[8] N.A. Pennell, A. Mutebi, Z.-Y. Zhou, M.L. Ricculli, W. Tang, H. Wang, A. Guerin, T. Arnhart, A. Dalal, M. Sasane, K.Y. Wu, K.W. Culver, G.A. Otterson, Economic 
impact of next-generation sequencing versus single-gene testing to detect genomic alterations in metastatic non–small-cell lung cancer using a decision analytic 
model, JCO Precis. Oncol. (2019) 1–9, https://doi.org/10.1200/PO.18.00356. 

[9] R. Pereira, J. Oliveira, M. Sousa, Bioinformatics and computational tools for next-generation sequencing analysis in clinical genetics, J. Clin. Med. 9 (2020) 132, 
https://doi.org/10.3390/jcm9010132. 
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