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Abstract 
Introduction: Global monitoring of severe acute respiratory syndrome related coronavirus 2 (SARS-CoV-2) genetic sequences and associated 
metadata is essential for coronavirus disease 2019 (COVID-19) response. Therefore, Sanger's partial genome sequencing technique was used 
to monitor the circulating variants of SARS-CoV-2 in Cameroon.  
Methodology: Nasopharyngeal specimen was collected from persons suspected of SARS-CoV-2 following the national guidelines between 
January and December 2021. All specimens with cycle threshold (Ct) below 30 after amplification were eligible for sequencing of the partial 
spike (S) gene of SARS-CoV-2 using the Sanger sequencing method.  
Results: During the year 2021, 1481 real time reverse transcriptase polymerase chain reaction (RT-PCR) SARS-CoV-2 positive samples were 
selected for partial sequencing of the S gene of SARS-CoV-2. Amongst these, 878 yielded good sequencing products. A total of 231 probable 
variants (26.3%) were identified. The variants were mainly represented by Delta (70.6%), Alpha (15.6%), Omicron (7.4%), Beta (3.5%), Mu 
(1.7%) and Gamma (0.4%). Phylogenetic analysis of the probable variants from Cameroon with reference strains confirmed that all prior and 
current variants of concern (VOC) clustered with their respective reference sequences.  
Conclusions: The surveillance strategy implemented in Cameroon, based on partial sequencing of the S gene enabled identification of the major 
circulating variants and provided information on the distribution of these variants, which contributed to implementing public health measures 
to control disease spread in the country. 
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Introduction 

In December 2019, the first cases of a novel 
coronavirus were reported in Wuhan, China; and 
eventually led to critical threats to global public health 
and economy [1]. On 11 March 2020, the World Health 
Organization (WHO) characterized coronavirus disease 
2019 (COVID-19) as a pandemic. Initially, this virus 
was named 2019-nCoV and later designated as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) by the International Committee on Taxonomy of 
Viruses due to its taxonomic and genomic relationships 
with coronavirus species that are associated with severe 
acute respiratory syndrome (SARS) [2]. SARS-CoV-2 
primarily attacks the respiratory system; and typical 
symptoms include fever, cough, fatigue, and loss of 

taste or smell. Chest discomfort and respiratory distress 
syndrome often occur in severe cases [3]. According to 
WHO, as of February 2023, there have been more than 
754 million cases of COVID-19, including over 6 
million deaths, globally [4]. The first case of COVID-
19 in Cameroon was reported on 6 March 2020, and as 
of October 2022, there have been more than 123,000 
confirmed cases with 1,965 deaths [5,6]. Four 
significant waves have been identified in the country, 
and each was driven by a variant. These waves occurred 
in May–June 2020, March–April 2021, September–
October 2021, and December 2021 [5,6]. 

Since its first detection in Wuhan, SARS-CoV-2 
has followed various evolutionary pathways. WHO has 
classified variants identified with fitness-enhancing 



Monamele et al. – Partial S gene sequencing of SARS-CoV2 in Cameroon    J Infect Dev Ctries 2024; 18(5):701-709. 

702 

mutations as variants of concern (VOC), variants of 
interest (VOI) or variants under monitoring (VUM), 
based on their phenotypic characteristics, including 
transmissibility, disease severity, risk of reinfection, 
and impact on diagnostics and vaccine performance [7]. 
The classification of the SARS-CoV-2 evolves 
continuously. The currently circulating VOCs include 
the Omicron variant that has displaced previously 
circulating VOCs (Alpha (B.1.1.7), Beta (B.1.351), 
Gamma (P.1), and Delta (B.1.617.2)). There are 
currently no VOIs, however previously circulating 
VOIs included Epsilon (B.1.427 and B.1.429), Zeta 
(P.2), Eta (B.1.525), Theta (P.3), Iota (B.1.526), Kappa 
(B.1.617.1), Lambda (C.37), and Mu (B.1.621) [7].  

Five VOCs that have been identified so far. Alpha 
was the first VOC described in the United Kingdom 
(UK) by end of December 2020. Beta and Gamma were 
detected in South Africa and Brazil respectively 
between December 2020 and January 2021. Delta was 
first described in India in October 2020. Omicron is the 
most recent VOC to be identified and was first reported 
in South Africa in November 2021 [8]. The common 
characteristic of these variants is that they share the 
N501Y mutation in the spike (S) protein, which is 
precisely the target of most COVID-19 vaccines. In 
addition, mutations such as N501Y, E484K, and 
K417N in the S protein can affect viral fitness and 
transmissibility [9]. WHO suggested that the region to 
be sequenced should cover at least the entire N-terminal 
and receptor binding domain (RBD) (amino acid 1–541, 
1623 bp) to reliably differentiate between the 
circulating variants [10].  

Several strategies are employed for the 
identification and characterization of the SARS-CoV-2 
variants to correlate amino acid mutation profiles with 
virus transmissibility, pathogenicity, clinical 
significance, and possible vaccine evasion [6]. 
Identification of variants involves sequencing the 
complete genome of the virus to establish the possible 
mutations in the variant by comparison with the 
reference strain first isolated in Wuhan. The whole 
genome surveillance technology currently used for 
SARS-CoV-2 is not always successful, particularly 
when there is not enough viral load in the specimen 
[11]. In addition, the next generation sequencing (NGS) 
technology is also known to be associated with 
computational errors and biases in base-calling [12]. In 
such cases, target specific mutation assays are needed 
to identify or verify variants of concern [11]. A second 
strategy is to sequence only the regions of the gene 
coding for the S protein in which the mutations that 
define each of the variants are found [6]. This can be 

performed with Sanger sequencing and is a “first-
generation” DNA sequencing method that uses 
oligonucleotide primers to seek out specific regions of 
the DNA [13,14]. Although Sanger sequencing is too 
laborious and expensive for whole genome sequencing, 
it is routinely used when sequencing specific genes or 
fragments of genes [15].  

Global monitoring of SARS-CoV-2 genetic 
sequences and associated metadata is a crucial 
component of the COVID-19 response, including 
tracking the geographic spread of SARS-CoV-2 over 
time, and rapidly detecting and assessing mutations that 
may affect pathogenicity and transmission of the virus, 
to determine what counter measures should be adopted. 
Countries must adopt a genomic surveillance strategy 
based on available resources for a sustainable 
monitoring system. Therefore, Sanger's partial genome 
sequencing technique was used in Cameroon to monitor 
circulating variants of SARS-CoV-2. 

 
Methodology 
Collection and preparation of samples 

Nasopharyngeal specimens were collected from 
persons suspected to be infected with SARS-CoV-2 
between January and December 2021. Sample 
collection was done following the national guidelines 
from recognized recruitment sites in Cameroon. Centre 
Pasteur Cameroon (CPC) was the first laboratory to 
initiate the diagnosis of SARS-CoV-2 and received 
specimens collected from specified sites in Yaounde 
and some other sites in regions where polymerase chain 
reaction (PCR) diagnosis was not established. 
Specimens were collected in viral transport medium 
and transported, in coolers containing ice packs, on the 
same day to the virology laboratory of CPC, where 
analyses were performed. 

 
Detection of SARS-CoV-2 by molecular assays 

RNA was extracted from the samples using the 
QIAamp Viral RNA Mini Kit (Qiagen, Hilden, 
Germany). Diagnosis of SARS-CoV-2 was performed 
using a real-time reverse transcription polymerase chain 
reaction (rtRT-PCR) test kit from DaAn Gene Co., Ltd. 
of Sun Yatsen University (DaAn Gene Co., Ltd, 
Guangzhou, China). This assay targets the nucleocapsid 
(N) and the open reading frames 1a and 1b (ORF1ab) 
genes of SARS-CoV-2. A cut-off value of positivity 
was fixed at 37 cycles for both genes. Samples with 
cycle threshold (Ct) below the cut-off value for at least 
one gene were considered positive. Each specimen was 
run with an internal control (RNase P) which was 
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positive for all samples irrespective of whether they 
were positive or negative for the target genes.  

 
Sampling strategy 

Specimens with Ct value below 30 cycles for at 
least one gene (N and/or ORF1ab) were eligible for 
amplifying the partial S gene of SARS-CoV-2 and 
subsequently for sequencing using Sanger's method. 
Randomized samples representative of the geographic 
and demographic distribution of SARS-CoV-2 
infections in Cameroon according to WHO 
recommendation were selected for sequencing [16]. If 
there were less than 30 specimens with appropriate Ct 
values in any particular week, all samples from that 
week were considered for sequencing. 

 
Amplification of partial S gene in samples positive for 
SARS-CoV-2 

Amplification of a fragment of the S gene was 
performed using the Superscript III One Step Reverse 
Transcription-Polymerase Chain Reaction (RT-PCR) 
System (Invitrogen, Carlsbad, California, USA) 
enzyme. Two PCR reactions were required to obtain a 
PCR product of 934 bp. The primer set for the first PCR 
consisted of SPfwd1 (AATTAC-
CTGTATAGATTGTTTAGG) and SPrev1 
(TTTGTAAATTTGTTTGACTTGTGC). Meanwhile, 
the primer set for the second PCR consisted of SPfwd2 
(GAGAGAGATATTTCAACTGAAATC) and SPrev2 
(TGTCTTGTTCAACAGCTATTCCAG).  

The 25 μL reaction mixture for the first PCR 
reaction was composed of 12.5 μL of 2x PCR buffer, 
0.2 μM forward and reverse primers, 0.75 μL enzyme 
and 5 μL RNA. The first PCR product was a 1113 bp 
fragment of the S gene and the following program was 
used for the amplification: 45 °C for 30 min, 94 °C for 
2 min, 35 cycles at (94 °C for 15 sec, 45 °C for 30 sec, 
72 °C for 90 sec) and 72 °C for 10 min.  

The second PCR reaction was performed using the 
Taq DNA polymerase enzyme 5 U/μL (Promega, 
Madison, USA), and the first PCR product was used as 
a template for nested amplification. A total reaction 
volume of 50 μL contained 5 μL of 10x PCR buffer, 2 
μL of 10 mM dNTP mix, 2 μL of 50 mM MgCl2, 1 μL 
of each primer (at a working concentration of 10 μM), 
0.5 μL of Taq DNA polymerase 5U/μL, and 2 μL of the 
first PCR product. The following thermal cycling 
conditions were used for amplification of the 934 bp 
fragment of the S gene: 94 °C for 2 min, 35 cycles at 
(94 °C for 15 sec, 45 °C for 30 sec, 72 °C for 90 sec), 
and 72 °C for 5 min. Amplicons of the appropriate size 
after gel electrophoresis were sent for sequencing at 
GENEWIZ UK, LTD (Hope End, UK) with the sense 
and anti-sense primer set used for its amplification. 

 
Determination of VOCs and VOIs based on identified 
mutations 

The sequences were assembled following Sanger's 
sequencing using the reference sequence, SARS-CoV-
2-Wuhan-Hu-1_NC045512, in CLC Main Workbench 

Table 1. Centers for Disease Control and Prevention (CDC) classification of variants during the study period. 
Variant Mutations of interest Pango lineage Date of designation 

Alpha H69-V70 del, Y144 del, N501Y, A570D, P681H, T716I, S982A, D1118H B.1.1.7 and Q lineages VOC: December 2020 
VUM: September 2021 

Beta L18F, D80A, D215G, R246I, K417N, E484K, N501Y, A701V, 242-244 del B.1.351 VOC: December 2020 
VUM: September 2021 

Gamma L18F, T20N, P26S, D138Y, R190S, K417T, E484K, N501Y, H655Y, T1027I P.1 VOC: December 2020 
VUM: September 2021 

Delta T19R, Y144 del, 157-158 del, K417N, L452R, T478K, D614G, P681R, 
S950N B.1.617.2 VOC: June 2021 

VUM: April 2022 

Omicron 

A67V, H69-V70 del, T95I, G142D, 143-145 del, N211 del, L212I, 
R214_insEPE, G339D, S371L, S373P, S375F, K417N, N440K, G446S, 

S477N, S478K, E484A, Q493R, Q496S, Q498R, N501Y, Y505H, T547K, 
D614G, H655Y, N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, 

L981F 

B.1.1.529, BA.1, BA.1.1, 
BA.2, BA.3, BA.4 and 

BA.5 lineages 
November 2021 

Epsilon S13I, W152C, L452R, D614G B.1.427, B.1.429 
VOC: March 2021 

VOI: February 2021 
VUM: September 2021 

Zeta E484K, D614G, V1176F P.2 VOI: February 2021 
VUM: September 2021 

Eta Q52R, A67V, H69-V70 del, 144 del, T478K, D614G, Q677H, F888L B.1.525 VOI: February 2021 
VUM: September 2021 

Iota L5F, T95I, D235G, E484K, D614G, A701V B.1.526 VOI: February 2021 
VUM: September 2021 

Kappa L452R, E484Q, D614G, P681R B.1.617 VOI: May 2021 
VUM: September 2021 

Mu T95I, Y144S, Y145N, R346K, E484K, N501Y, D614G, P681H, D950N B.1.621 VUM: September 2021 
Mutations in the ACE2 RBD that could be identified from the partial S gene sequencing are bolded. Del: deletion; VOC: variants of concern; VUM: variants 
under monitoring; VOI: variants of interest. 
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version 5.5. The sequences obtained in FASTA format 
were uploaded to the GISAID CoV mutation 
application [17] to identify mutations in the different 
specimens in comparison to the reference strain, hCoV-
19/Wuhan/WIV04/2019. Identified mutations were 
compared to that of recognized VOCs and VOIs to 
assign a probable classification of the SARS-CoV-2 
viruses from Cameroon. The sequences were further 
uploaded into Nextclade [18] to classify them into 
Pango lineages and WHO clades. When the results 
obtained using the two methods varied, judgement on 
the molecular epidemiology of SARS-CoV-2 at the 
time was made on a case-by-case basis. Sequences 
ranged between nucleotide position 1400 and 2327 of 
the S gene and thus could enable the identification of 
amino acid mutations ranging between position 454-
794 of ACE2 receptor binding domain (RBD). Table 1 
lists the amino acid mutations and the variants to which 
they correspond according to Centers for Disease 
Control and Prevention (CDC) classification [19]. 

 
Phylogenetic analysis of Cameroon sequences  

Phylogenetic analyses of sequences generated in 
Cameroon was performed with respect to the reference 
sequences. The reference sequences were downloaded 
from National Center for Biotechnology Information 
(NCBI) and uploaded in UShER (Ultrafast Sample 
placement on Existing Tree) [20] to confirm the clade 
designation and the sequence's placement in the 
UCSC/UShER phylogenetic tree. Alignments were 
performed in Seaview version 4.6.1 and the 
phylogenetic tree of partial fragment of the S gene was 
generated by Molecular Evolutionary Genetics 
Analysis (MEGA) software version 6.0 [21]. 
Evolutionary history was inferred using the maximum 
likelihood method and distances were computed using 
the Tamura-Nei model. The number of boot-strap 
replications was set to 1000 and bootstrap values above 
50% were labelled on major tree branches for reference. 
All sequences generated during this period were 
submitted to NCBI database with accession numbers 
ON514632 to ON515457. 

Ethical considerations  
This study was approved by the Cameroon National 

Ethics Committee (Reference N°: 
2020/05/1224/CE/CNERSH/SP).  

 
Results 

A total of 59,785 nasopharyngeal specimens were 
screened within the one year of genomic surveillance 
activity in Cameroon, and 7,679 (12.8%) were 
confirmed positive for SARS-CoV-2 by rtRT-PCR. Out 
of these, 1,481 positive samples were selected for 
partial sequencing of gene S of the SARS-CoV-2 based 
on the Ct value, and geographic and demographic 
distribution. Amongst these, 929 samples were 
successfully amplified using the partial S gene PCR and 
878 samples yielded high coverage sequencing 
products. Specimens which were successfully amplified 
had lower Ct values (mean 21.0 ± 5.6; range: 7.0–36.4) 
compared to those in which amplification of the partial 
S gene failed (mean: 24.7 ± 5.4; range: 10.9–35.9). 
Additionally, specimens which failed to amplify 
predominantly originated from localities other than the 
central region (69.0%) in comparison to their 
counterparts that effectively amplified (44.1%) (Table 
2). 

Specimens selected for sequencing originated from 
eight of the country's ten regions; the west and 
southwest regions were not represented. Representative 
numbers of specimens were received throughout the 
year 2021 only from the central region. Specimens from 
the other regions were mostly collected during the 
months of March through May 2021, except for the 
northwest region where samples were collected from 
May through August. Information on the collection date 
was unavailable for specimens originating in the east 
and the far-north regions. The majority of samples were 
from the central region (n = 696), followed by Littoral 
(n = 397) and Adamawa (n = 153). The predominance 
of the probable variants was in the following 
descending order: centre, Littoral, northwest and north 
regions. Table 3 summarizes the number of samples 
tested per region and the variants identified. 

Table 2. Characteristics of specimen with respect to results of amplification of the partial S gene. 

Characteristics 
Results of amplification of the partial S gene 

p value Negative 
N = 552 

Positive 
N = 929 

Mean cycle threshold (± SD)    
All genes 24.7 (± 5.4) 21.0 (± 5.6) < 0.001 
N gene 24.0 (± 4.6) 20.5 (± 5.1)  
ORF1ab gene 26.7 (± 4.8) 22.7 (± 5.1)  
Region    
Centre 171 (31.0%) 519 (55.9) < 0.001 
Other regions 381 (69.0%) 410 (44.1)  
SD: Standard deviation. 
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The results obtained from analyses of these 
sequences showed that, there were 647 unassigned 
variants (73.7%) and 231 probable variants (26.3%). 
The term ‘probable variants’ is used here as the full S 
gene sequence was not obtained. The probable variants 
were mainly represented by Delta (n = 163, 70.6%), 
Alpha (n = 36, 15.6%), Omicron (n = 17, 7.4%), Beta 
(n = 8, 3.5%), Mu (n = 4, 1.7%), Gamma (n = 1, 0.4%) 
and recombinants (n = 2, 0.9%) (Table 4). The 
unassigned sequences fell into Nextstrain clade 19A 
(Pango lineage B), 19B (A.2.5, A.21, A.27, A.29 
lineages), 20A (B.1, B.1.618, B.1.620, B.1.640 
lineages), 20B (B.1.1, B.1.1.318) and 21D (B.1.525). 

Most study specimens were collected during the 
months of March to May. There was a shift in variants 
identified throughout the year. During the first six 
months, most variants were unassigned and some were 
the Alpha variant. The Delta variant dominated from 
July through November, and Omicron in December 
2021 (Figure 1). 

Phylogenetic analysis of the probable variants 
among the Cameroon strains was performed with 
reference strains from other regions of the world. The 
analyses confirmed that all current and prior VOCs 
clustered with their respective reference sequences, as 
indicated in Figure 2. 

Protein alignment of the Omicron viruses was 
performed, as it is the unique VOC currently in 
circulation. Comparison of Cameroon sequences with 
the Wuhan-Hu-1 strain showed the presence of 14 of 
the mutations that have been described in the S gene of 
the Omicron variant: S477N, S478K, E484A, Q493R, 
Q496S, Q498R, N501Y, Y505H, T547K, D614G, 
H655Y, N679K, P681H, N764K (Figure 3). 

 
  

Table 3. Distribution of samples by region and variants identified. 
Region SARS-CoV-2 positive 

specimens selected 
Number 

sequenced 
Probable 
variants 

Type of variants 
Alpha Beta Gamma Delta Mu Omicron Recombinant 

Centre 696 493 199 26 5 0 145 4 17 2 
Littoral 397 222 13 9 3 0 1 0 0 0 
Adamawa 153 4 0 0 0 0 0 0 0 0 
Far North 67 57 0 0 0 0 0 0 0 0 
North 66 54 2 1 0 1 0 0 0 0 
East 47 11 0 0 0 0 0 0 0 0 
South 3 2 0 0 0 0 0 0 0 0 
North West 39 31 13 0 0 0 13 0 0 0 
Unknown 13 4 4 0 0 0 4 0 0 0 
TOTAL 1481 878 231 36 8 1 163 4 17 2 

 

Figure 1. Distribution of variants identified by months in the year 2021. 

Table 4. Nextclade classification of variants. 
Variant name Frequency 

n (%) 
Overall 

Proportion (%) 
Unassigned sequences 647 73.7 
19A 01 (0.2)  
19B 23 (3.6)  
20A 398 (61.5)  
20B 91 (14.1)  
21D 134 (20.7)  
Probable variants 231 26.3 
Alpha 36 (15.6)  
Beta 08 (3.5)  
Gamma 01 (0.4)  
Delta 163 (70.6)  
Mu 04 (1.7)  
Omicron 17 (7.4)  
Recombinant 02 (0.9)  
TOTAL 878 100% 
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Discussion 
Documenting the circulation dynamics of SARS-

CoV-2 variants in different regions of the world is 
crucial for monitoring virus transmission and 
contributing to global efforts towards combating the 
pandemic. In this study, we describe partial genome 
characterization of the SARS-CoV-2 virus in Cameroon 
and demonstrate the reliability of Sanger sequencing in 
identifying VOCs and VOIs. The S gene of SARS-
CoV-2 has already been reported as sufficient to 
discriminate circulating VOCs as it harbours the major 
mutations [10]. With the knowledge of the 
epidemiology of COVID-19 in each population, it is 
possible to identify with high probability the variant in 
circulation using the partial fragment of the S gene [6]. 
Sanger's sequencing has been used in several settings to 
implement a molecular surveillance strategy for SARS-
CoV-2 in association with whole genome sequencing or 
rtRT-PCR method [22–24]. 

In this study, we performed partial genome 
sequencing of the 934 bp long segment of the S gene of 
SARS-CoV-2, including signature mutations, to 
identify the variants. The partial S gene of SARS-CoV-
2 was successfully amplified from about 60% of our 
specimens. Low viral loads and specimens originating 
from localities other than the central region were factors 
that were significantly associated with poorer 
outcomes. The specimen from other localities were 
transported through regular transport agencies to the 
CPC with occasional delays in reception due to poor 
road infrastructure and logistic issues. As some 
specimens with Ct value below 30 failed to amplify, 
other factors may have altered the success of the partial 
S gene PCR technique. Such factors include mutations 
in the S gene resulting in S gene target failure (SGTF) 
and consequently diagnosis failure [25] or mismatch 
between primers and target gene due to variability in the 
SARS-CoV-2 genes as reported by other studies [26].  

Cameroon has experienced four major waves of 
COVID-19, three of which were noted in 2021 and 
occurred in the months of March-April, September-
October, and December. Based on the identified 
variants in this dataset, the two latter waves were driven 
by Delta, and Omicron, although the subvariant could 
not be determined. These peaks can be attributed to the 
re-opening of the academic year and the end-of-year 
festivities, respectively, emphasizing the impact of 
crowded areas and close contacts in the transmission of 
the SARS-CoV-2 virus [27]. Similar trends have been 
observed in several other countries worldwide.  
  

Figure 2. Phylogenetic analyses of Cameroon sequences (probable 
variants). 

The sequences ranged between nucleotide position 1400 and 2327 of the S 
gene and the phylogenetic analysis was generated with the program MEGA 
version 6.0 using the maximum likelihood method. The distances were 
computed using the Tamura-Nei model. The number of bootstrap 
replications was set to 1000 and bootstrap values above 50% were labelled 
on the major tree branches for reference. The designation of clades was 
performed with respect to reference sequences downloaded from NCBI. The 
branches grouping the Alpha, Beta Delta and Omicron variants are colored 
blue, green, purple, and red, respectively. 
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By July 2021, Tunisia experienced four waves of 
COVID-19 in the months of March 2020, September 
2020–January 2021, April 2021, and June–July 2021 
[17]. The peak observed between September–January 
coincided with the start of school and the celebration of 
the new year. 

Regarding data from Central African countries 
submitted in GISAID in 2021, Alpha, Beta, and Eta 
variants were the most identified in the region between 
January and May. Delta was the dominant variant 
observed from May–September 2021. The last trimester 
of 2021 was initially driven by Delta and later, in 
December, by Omicron [28]. No specific variant could 
be identified in the first months of 2021 because most 
sequences fell in the unassigned group as no distinct 
mutation profile enabled their classification in any of 
the existing VOCs, VOIs or VUMs. The unassigned 
sequences fell into Nextstrain clade 19A, 19B, 20A, 
20B and 21D corresponding to varied Pango lineages 
(A.2.5, A.21, A.27, A.29, B, B.1, B.1.1.318, B.1.525, 
B.1.618, B.1.620, and B.1.640 lineages). These 
lineages represent the earlier identified lineages as 
SARS-CoV-2 was initially grouped into lineage A or B 
due to likeliness to the early samples from Wuhan [25] 
as they lack specific mutations to identify them by 

sequencing. In addition, we noted a mixture of signature 
mutations among the sequences which fell in the 
unassigned group rendering their differentiation into 
any lineages impossible.  

Apart from the three variants that dominated during 
the peak periods of activity in Cameroon, other variants 
being monitored were also detected in our samples in 
the year 2021, including Beta, Mu, and Gamma. 
Gamma and Mu have been observed at relatively lower 
frequencies in the African region; similar proportions 
were observed in this study. These variants have now 
been de-escalated from VOIs because they have 
significantly decreased, have had little impact on the 
overall epidemiological situation, and have not been 
associated with any concerning properties based on 
scientific evidence [29].  

Two specimens had mutations in the S gene which 
were consistent with recombinant strains. However, 
whole genome sequencing is required to confirm the 
presence of recombinant viruses. This highlights the 
limitations of partial sequencing of the SARS-CoV-2 S 
gene and the need for further confirmation of the 
lineages identified especially in case of doubt. 

The occurrence of mutations in the genome of the 
SARS-CoV-2 virus is an expected event since the virus 

Figure 3. Protein alignment of the probable omicron viruses identified in Cameroon. 
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is an RNA virus; the low or no correction activity of the 
viral polymerase protein responsible for the nucleotide 
synthesis results in high mutation rates [30]. In addition 
to this natural predisposition, geographical factors, 
intrinsic viral factors (mutagenic properties), host 
factors (selective pressure of the host immune system, 
immune escape), and environmental factors could 
contribute to the appearance of SARS-CoV-2 variants 
[31].  

Possible factors contributing to the propagation of 
COVID-19 variants across the country include 
importation by travelers, non-adherence to public 
health measures (social distancing, wearing of face 
masks), mass gathering events including the African 
Nation Football Championship in January 2021, and 
vaccine hesitancy [32,33].  

A significant limitation of this study is the lack of 
metadata to map the presence of variants to 
sociodemographic and clinical characteristics such as 
travel history, uptake of COVID-19 vaccine, severity of 
COVID-19 disease (symptomatic/ asymptomatic), 
hospitalization status and presence of other 
comorbidities [16]. Additionally, comparisons of the 
regional distribution of variants could not be made 
because specimens collected throughout the year for all 
regions were not available.  

 
Conclusions 

In conclusion, the surveillance strategy 
implemented in Cameroon, based on partial sequencing 
of the S gene, enabled identification of the major 
circulating variants, and contributed to implementing 
public health measures to control the spread of the 
disease. The main variants found in 2021 in Cameroon 
were Delta, Alpha, Omicron, and to a lesser extent Beta, 
Mu and Gamma. As CPC is among the reference 
laboratories contributing to COVID-19 laboratory data 
in Cameroon, the observations made in this study can 
be extrapolated to the country. 
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