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Abstract: Background: In Senegal, the incidence of SARS-CoV-2 evolved with four successive
epidemic waves. The first wave started in March 2020 with low virus variability, whilst the second
outbreak, which started in December 2020, was dominated by the Alpha variant. The third wave
took place in June 2021, and the fourth at the end of November 2021. Our interest was to investigate
the involvement of variants of concern during these four waves and to track the viral diversity
of SARS-CoV-2. Methodology: During the four waves of the pandemic, 276,876 nasopharyngeal
swabs were analyzed at the Institut de Recherche en Santé, de Surveillance Epidémiologique et de
Formation (IRESSEF). Of these, 22,558 samples tested positive for SARS-CoV-2 by RT-PCR. Then,
the virus genomes were sequenced in 817 positive samples using the ARTIC Network of Oxford
Nanopore Technologies (ONT). In addition, 10% of the negative samples in RT-PCR new variants
were also targeted for the detection of new and previously undescribed variants. Results: Our data
have overall shown that the Senegalese strains are very similar to each other or closely related to other
strains, such as Gambia, France etc. During the first wave, the most common clade found was 19A
(67.5%) and a majority of the samples were of the B.1 (50%) lineage. We noted more diversity during
the second wave where clade 20A (38.4%) was more frequent, followed by clade 20B (31.52%) and 20I
(9.74%). At the level of lineages, we identified variants of concern as B.1.1.7 (9.74%) and B.1.617.2
(0.86%). In the third wave, we observed at the clade level with mainly 21A (32.63%) and 21J (16.84%).
During the fourth wave at the end of November 2021, we mainly identified clade 21K Omicron variant
21K (B.1.1.529 and BA.1) (80.47%) and Delta variant (21A, 21J, and 21I) (AY.103, AY.122, AY.122.1,
AY.26, AY.34, AY.36, AY.4, AY.48, AY.57, AY.61, and AY.87) (14.06%). Impact: SARS-CoV-2 diversity
may affect the virus’s properties, such as how it spreads, disease severity, or the performance of
vaccines, tools, or other public health and social measures. Therefore, such tracking of SARS-CoV-2
variants is not only of public interest, but also highlights the role some African institutes such as
IRESSEF with surveillance capabilities through the real-time sequencing of SARS-CoV-2 genomes in
the local context. Conclusion: In Senegal, the SARS-CoV-2 pandemic has disrupted the organization
of the health system. IRESSEF contributed to put in place strategies to respond effectively to the
expectations of medical authorities by providing them with data on the strains circulating in Senegal
at each moment of the epidemic.
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1. Introduction

In December 2019, scientists in China reported the first cases of COVID-19 in the city
of Wuhan, China [1,2]. One month later, an international public health emergency was
declared by the World Health Organization (WHO). This was the beginning of a pandemic
due to the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which causes
a disease called COVID-19 (Coronavirus Disease 2019) [3].

African countries were the last to register cases of COVID-19 at the start of the pan-
demic [4]. This late entry of COVID-19 in Africa is justified by low international air traffic
and a less dense trade network with Western countries and China [5,6]. Egypt was the first
African country to report a case of COVID-19 [7]. Since then, the continent has recorded
thousands of COVID-19 positive cases without ever being submerged compared to Western
countries, even though South Africa has had similar cases to European countries.

In West Africa, Senegal is the third country with the highest number of cases of
COVID-19, but it is the second country recording the most deaths after Nigeria. [8]. Senegal,
which reported its first case of COVID-19 on 2 March 2020 [9], has been affected by four
successive waves of the epidemic, as is the case for most countries in the world. SARS-
CoV-2 is a virus whose numerous mutations have led to a resurgence of the pandemic. The
high transmissibility of the virus from human to human has accelerated its distribution
throughout the world and the emergence of multiple variants, such as B.1.1.7, B.1.351, P.1,
B.1.427, and B.1.429 [10]. This has resulted in an increase of positive cases, deaths, and
saturation of hospitalization beds [11]. In Senegal, only the Alpha variant was reported
during the first two waves of the epidemic [12]. However, the third wave was dominated
by the B.1.617.2 variant (Delta), which is reportedly more transmissible [13]. Recently, the
Omicron (B.1.1.529) variant was detected for the first time in South Africa on 24 November
2021 [14].

Currently, the evolutionary dynamics of SARS-CoV-2 are poorly investigated in Sene-
gal. In this study, we evaluate the evolution of the different types of SARS-CoV-2 variants
of concern that circulated in Senegal during the four waves and genotype diversity during
the COVID-19 pandemic.

2. Material and Methods

Epidemiologic study of variant distribution.

2.1. Study Settings and Design

We analyzed genomic data of SARS-CoV-2 samples collected in Senegal between April
2020 and January 2022. Samples were tested at IRESSEF, an ISO 15,189 Plus accredited
laboratory, with the approval of the Senegalese Ministry of Health (following number:
000159/MSAS/CNERS/Sec, on 21 August 2020). Samples were collected from two regions
(Dakar and Thiès) of the Western part of Senegal. In Thiès region, 16.03% (131/817) of the
samples were from the health district of Mbour, 6.49% (53/817) from the district of Thiès,
4.77% (39/817) from Tivaoune, and 1.71% (14/817) from Popenguine. In Dakar, samples
were collected at Ngor (29.86%) (244/817), Diamniadio (37.94%) (310/817), and Rufisque
(3.18%) (26/817) (Figure 1).
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Figure 1. Samples sites collection. (A) The sites colored in yellow represent the different collection
areas. (B) represents the distribution of the number of samples with on the y axis we have the number
of samples and the different collection sites on the x axis.

2.2. Study Population and Sampling

The study population consisted of individuals who were suspected of being infected
with SARS-CoV-2 and tested at IRESSEF during the study period. In total, 276,876 oropha-
ryngeal and nasopharyngeal swabs were collected in compliance with IRESSEF’s safety
and hygiene guidelines. For each sample, a notification form collecting demographic data
(name, first name, age, sex, address, type of accommodation), clinical data (presence of
symptoms, recent or current illness, and ongoing treatment), and epidemiological data
(questionnaire or form) was completed and sent to the laboratory. All participants gave
their free and informed consent.

Genome sequencing and data analysis.

2.3. RNA Extraction

To extract the RNA, the oropharyngeal and/or nasopharyngeal samples were first inac-
tivated in a water bath at 90 ◦C for 30 min. The samples were then aliquoted in 1.5 mL vials,
before RNA was extracted using the Kingfisher platform according to the manufacturer’s
guidelines and eluted in 50 µL (www.thermofisher.com, accessed on 22 January 2022, SARS-
CoV-2 support and solutions KingFisher instruments and MagMAX isolation kit).

2.4. Reverse Transcriptase-Polymerase Chain Reaction

RNA extracted samples were undiluted and plates were stored at 4 ◦C while the
master mix was being prepared. Allplex™ 2019-nCoV assays from Seegene Inc. were
used according to the manufacturer’s protocol to perform RT-PCR. Briefly, for one reaction,
5 µL of 2019-nCoV MOM, 5 µL of buffer 5×, 5 µL of RNase-free water, 1 µL of internal
control (IC), and 2 µL of enzymes were used. In each well, 18 µL of master mix were
distributed and either 8µL of sample added, 8µL of positive control, or 8 µL of RNase-free
water for negative control. Plates were then spun down at 2500 rpm for 5 s and analysed
on a CFX96 Touch Real-Time PCR from BioRad, Reverse Transcription reaction using the
following setting: 1 cycle: 50 ◦C/20 min–95 ◦C/15 min, PCR reaction 45 cycles: 94 ◦C/15 s–
60 ◦C/30 s–72 ◦C/15 s. Fluorescence was measured at 60 ◦C and 72 ◦C using channels FAM
(E gene), HEX (IC), Cal Red 610 (RdRP) and Quasar 670 (N gene). Results were compiled
and analysed using 2019-nCoV viewer from Seegene Inc. according to the manufacturer’s

www.thermofisher.com
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instructions (Seegene. AllplexTM 2019-nCoV Assay) (Cat no. RP10250X/RP10252W) [15].
Results were defined as positive if the viral genome was detected at threshold cycle (Ct)
values ≤35, as indeterminate at Ct values >35 and ≤38, and as negative at Ct values >38
(Figure 2).

COVID 2022, 2, FOR PEER REVIEW 4 
 

 

analysed using 2019-nCoV viewer from Seegene Inc. according to the manufacturer’s in-
structions (Seegene. AllplexTM 2019-nCoV Assay) (Cat no. RP10250X/RP10252W) [15]. 
Results were defined as positive if the viral genome was detected at threshold cycle (Ct) 
values ≤35, as indeterminate at Ct values >35 and ≤38, and as negative at Ct values >38 
(Figure 2). 

 
Figure 2. Genomic sequencing protocol in IRESSEF. 

2.5. Whole Genome Sequencing (WGS) of SARS-CoV-2 using Oxford Nanopore Technology 
2.5.1. Library Preparation and Sequencing 

Library prep was done following the ARTIC protocol (Version3) (Josh Q). Twenty-
four barcoded libraries were sequenced on one flow cell using MinION (Nanopore tech-
nology) with expected coverage of more than 65 x. We tested the correlation between post-
PCR concentration and Ct value and our results showed that the lower, the Ct value the 
higher the post-PCR concentration (Figure 3). 

 
Figure 3. Protocol for sample selection for Whole Genome Sequencing (WGS). 

2.5.2. Data Analysis 
We first cleaned and assembled the sequencing data using FASTQ pass on each run. 

The samples were sequenced on Nanopore technology, which is the reason why we used 

Figure 2. Genomic sequencing protocol in IRESSEF.

2.5. Whole Genome Sequencing (WGS) of SARS-CoV-2 Using Oxford Nanopore Technology
2.5.1. Library Preparation and Sequencing

Library prep was done following the ARTIC protocol (Version3) (Josh Q). Twenty-four
barcoded libraries were sequenced on one flow cell using MinION (Nanopore technology)
with expected coverage of more than 65×. We tested the correlation between post-PCR
concentration and Ct value and our results showed that the lower, the Ct value the higher
the post-PCR concentration (Figure 3).
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2.5.2. Data Analysis

We first cleaned and assembled the sequencing data using FASTQ pass on each run.
The samples were sequenced on Nanopore technology, which is the reason why we used
the artic bioinformatics pipeline workflow for genomic assembly [16]. After assembly,
we performed a sequencing quality check and determined the clade of each sequence
on the nexclade website [17]. Finally, we determined the lineage of each sequence using
the pangolin website [18]. These three procedures above allowed us to clean, assemble,
determine the clade, and determine the sub-clade, i.e., the lineage.

The procedure was repeated globally at the end of each batch sequencing. This allowed
us to have the different lineages and clades on each wave.

The results allowed us to continuously visualize the evolution of the number of cases
and the clades.

For further investigation, we explored the evolution of the lineages over time. We
calculated the percentage of each lineage over each month from June 2020 to January 2022,
the percentage of which cumulates to 100% to visualize using again the matplotlib module
of python version 3.9.0 (Figure 4).
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Figure 4. Evolution over time of the different variants. Finally, we visualized the distribution of
SARS-CoV-2 strains by patient’s age using the matplotlib module of python version 3.9.0.

3. Results

In total, 276,876 nasopharyngeal swabs were performed at the Institut de Recherche en
Santé, de Surveillance Epidémiologique et de Formation (IRESSEF). Of these, 22,558 samples
tested positive for SARS-CoV-2 by RT-PCR. Then, the virus genomes were sequenced for
817 positive samples in RT-PCR Seegene using the ARTIC Network of Oxford Nanopore Tech-
nologies (ONT) (percentage of successful sequences is mentioned in supplementary data).

Characteristics of the participants.

3.1. Waves and Variants

Our results show that the majority of our strains have a different distribution during
the four epidemic waves of SARS-CoV-2 in Senegal. Figure 5 shows the distribution of
clades and lineages on each wave using the matplotlib module of python version 3.9.0.
During the first wave, we noted a high prevalence of variant 19A (67.5%) (27/40) and low
percentage of 20A (27.5%) (11/40), 20B (2.5%) (1/40), and 19B (2.5%) (1/40). For the lineage,
we observed a dominance of B lineages, such as B.1 (50%) (20/40), B.1.416 (22.5%) (9/40), B
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(17.5%) (7/40), B.1.221 (5%) (2/40), and B.1.1.420 (2.5%) (1/40), and the A lineage, such as
A.27 (2.5%) (1/40) (Figure 4). During the second wave, there was a predominance of the
20A (38.4%) (134/349) and 20B (31.52%) (110/349) clade. We also noted a higher proportion
of the 20I (Alpha) clade (9.74%) (34/349) compared to the 20E (EU1) (6.02) (21/349) and 19A
(7.16) (25/349%) clades combined. The 20G, 21A, 20E, 20C, 20D, and 19B clades were less
frequent during this second wave, while B.1 (23.21%) (81/349), B.1.1.420 (18.91%) (66/349),
B.1.416 (17.77%) (62/349), and B.1.1.7 (Alpha) (9.74%) (34/349) were the dominant lines
(Figures 4 and 6). The Delta variant was detected at the end of the second wave (March) in
0.86% (3/349) of the samples.
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using the nextstrain/ncov tool (https://github.com/nextstrain/ncov, accessed on 22 January 2022,
then visualised with Auspice (https://docs.nextstrain.org/projects/auspice/en/stable/, accessed on
22 January 2022. The genome of the original Wuhan-Hu-1 coronavirus isolate (GenBank accession
no. NC_045512.2) was added as outgroup. Major (most prevalent) variants are labelled). For this
specified analysis, we used sequences with a coverage greater than 65%. Most of them are available
on GISAID [19] using the IDs (Supplementary data).

During the third wave, we identified strains belonging to clade 21A (Delta) (32.63%)
(124/380), 21J (Delta) (16.84%) (64/380), 21K (Omicron) (14.74%) (56/380), 20B (8.42%)
(32/380), 20A (6.32%) (24/380), 21I (Delta) (5.79%) (22/380), 21D (Eta) (5.26%) (20/380),
19A (4.21%) (16/380), 20E (EU1) (3.42%) (13/380), 20I (1.32%) (5/380), 20C (0.53%) (2/380).
19B (0.26) (1/380), and 20G (0.26) (1/380). The lineages B.1.617.2 (Delta) (22.11%) (84/380),
B.1.1.529 (Omicron) (14.74%) (56/380), AY.4 (Delta) (11.05%) (42/380), AY.34 (Delta) (9.47%)
(36/380), and B.1.525 (Eta) (8.68%) (33/380) were detected. Incident cases were higher in
the third epidemic wave compared to previous waves. Form samples were collected in
June. We observed a high prevalence of the variant of interest, Eta (47.69%). The Delta (20%)
and Alpha variants (6.17%) were observed as well. In July, the trend was reversed with the
increase of the Delta variant in up to 60% of the positive samples (Figure 6). The results
suggest the dominance of the delta variant in Senegal in recent months. Lastly, in the fourth
wave, the Omicron variant was detected and soon became dominant in the majority of
samples since January 2022. We observed an amplitude of the third wave that is about
twice as high as that of the second and first waves.

https://github.com/nextstrain/ncov
https://docs.nextstrain.org/projects/auspice/en/stable/
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Figure 6. Distribution of the different epidemic waves observed in Senegal according to the clade
and lineage detected.

On the other hand, the amplitude of the fourth wave, although higher than that of the
first and second waves, is still lower than that of the third wave (Figure 7).
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3.2. Distribution of Variants by Age and Sex

The variants of interest were identified at IRESSEF at different dates, which allowed
us to follow the evolution of these variants over time in Senegal (Table 1).

Table 1. Classification of SARS-CoV-2 lineage.

Nextstrain
(Clade) Pango Lineages

WHO Label
VOC Isolated at

IRESSEF
Notification Date

19A B, B.1, B.1.609

V
ar

ia
nt

s
of

C
on

ce
rn

(V
O

C
)

19B A, A.21, A.27

20A

B.1.1, B.1.160, B.1.214.2,
B.1.221, B.1.258, B.1.416,
B.1.469, B.1.541, B.1.610,

B.1.620, B.1.596

20B
B.1.1.254, B.1.1.28,

B.1.1.318, B.1.1.417,
B.1.1.420,

20C B.1.2, B.1.429, B.1.469,
B.1.626

20D C.2, C.36

20E (EU1) 20E (EU1), B.1.177

20G B.1.2

20I (Alpha, V1) B.1.1.7 Alpha 24 December 2020

21D (Eta) B.1.525 Eta

21J, 21A, 21I
(Delta)

B.1.617.2, AY.10, AY.25,
AY.26, AY.3, AY.34, AY.37,

AY.39, AY.4, AY.43
Delta 28 May 2021

21K (Omicron) B.1.1.529 and BA.1 Omicron 25 November 2021

Of the 817 samples tested, the Alpha variant was more frequent in men (53.85%) than
in women (46.15%). The Delta variant was higher in men (50.3%) than in women (49.7%).
The Eta variant (60%) was exclusively identified in females. The Omicron variant was higher
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in men (57.28%) than in women (42.72%)). Finally, other non-VOCs were found in 51.3% of
women against 48.7% of men (Table 2).

Table 2. Distribution of Variant Of Concern (VOC) by sex and age of patients tested at IRESSEF.

Variants of
Concern Age Range Male Female NF p-Value

ALPHA

0–15 1 0 2

0.47

16–30 0 2 2

31–45 3 1 4

46 and + 3 3 13

NF 0 0 4

DELTA

0–15 3 2 0

<0.001

16–30 11 23 1

31–45 30 32 2

46 and + 32 21 2

NF 3 0 51

OMICRON

0–15 13 7 0

0.71

16–30 26 19 0

31–45 63 48 0

46 and + 73 42 2

NF 1 2 0

Our data showed that patients over the age of 60 were the most infected with the
SARS-CoV-2 virus regardless of the variant involved (Figure 8). Young individuals were not
affected by the different waves of the COVID-19 epidemic. Similar results were reported in
the literature. [20].
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4. Discussion

COVID-19 disease is characterized by a succession of four epidemic waves. These are
most often determined by the appearance of new variants of SARS-CoV-2. In Senegal, as in
several other countries, there have been four different waves but with different variants
emerging each time [21].

Indeed, the predominance of clade 19A during the first wave is obvious. Senegal
recorded its first case of COVID-19 in March 2020 [9]. This period corresponds to the
expansion of the SARS-CoV-2 virus around the world. Therefore, it is normal that the clade
and lineages detected at the beginning can correspond to those found in other countries.

The second wave of the global epidemic was marked by the emergence of the Delta
variant. Indeed, the Delta variant represented 97.62% of the global sequences shared during
week 32 (3–9 August). This period coincided with the mass detection of the B1.617.2 variant
in Senegal. The Alpha variant was found mainly in people over 46 years old (60.8%), as was
the Eta variant (45%). The Delta variant affected mainly (60%) individuals between 31 and
45 years old. For the non-VOCs, most cases (53%) were over 46 years old.

This latest variant of interest (Omicron) was first reported to the WHO from South
Africa on 19 November 2021 and spread around the world. It was in most cases mainly
responsible for the fourth epidemic wave of COVID-19 around the world. The number of
cases has increased rapidly in South Africa, reaching proportions of 80% (Ingrid Torjesen).
In Senegal, according to the latest data we have from IRESSEF, the contamination rate is
over 75%. As part of the response to the COVID-19 pandemic, Senegal has strengthened its
surveillance system following the notification by the WHO of the Omicron variant. Our
results clearly show the rapid progression of the Omicron variant, and this new variant has
become clearly predominant in new infections of SARS-CoV-2 (Figure 4).

This slight delay in the global epidemic can be explained by the fact that Africa, in
particular Senegal, was one of the last countries to be invaded by the virus.

Likely, the third wave in Senegal started in July with the emergence of a worrying
variant, B.1.525, which made its first appearance in the UK and Nigeria. A large number of
cases were observed in Senegal only in early July 2021. Recently, another new variant of
concern emerged in South Africa and spread rapidly around the world, causing all state
authorities to panic.

5. Conclusions

The COVID-19 pandemic persists with a succession of epidemic waves linked to the
emergence of new variants. In Senegal as in the rest of the world, four epidemic waves
were observed. The Alpha, Beta, Delta, and Omicron variants most often responsible for
these SARS-CoV-2 episodes are still covered by the various vaccines marketed to eradicate
the disease. Vaccine coverage in Senegal is less than 5%, emphasizing the risk of other
waves. It is still necessary to evaluate the effectiveness of the vaccines used on the variants
of interest. Nevertheless, it is important to strengthen the capacities for the surveillance and
sequencing of SARS-CoV-2 genomes according to the local context and to detect unusual
epidemiological events.
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