
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Infection, Genetics and Evolution 98 (2022) 105208

Available online 6 January 2022
1567-1348/© 2022 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Short communication 

The dynamic change of SARS-CoV-2 variants in Sierra Leone 

Lei Lin a,1, Juling Zhang b,1, James Rogers c, Allan Campbell d, Jianjun Zhao a, Doris Harding d, 
Foday Sahr c, Yongjian Liu a,*, Isata Wurie c,** 

a State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Academy of Military Medical Sciences, Beijing, China 
b Department of Clinical Laboratory, the Fifth Medical Center of PLA General Hospital, Beijing, China 
c College of Medicine and Allied Health Science, University of Sierra Leone, Freetown, Sierra Leone 
d Central Public Health Reference Laboratories, Ministry of Health and Sanitation, Freetown, Sierra Leone   

A R T I C L E  I N F O   

Keywords: 
SARS-CoV-2 
Lineage 
Delta variant 
Sierra Leone 

A B S T R A C T   

Since the beginning of the SARS-CoV-2 pandemic, the emergence of multiple new variants posed an increased 
risk to global public health. The aim of this study is to investigate SARS-CoV-2 variants and possible transmission 
of variants of concern (VOCs) in Sierra Leone. A total of 65 nasal swab samples were collected from COVID-19 
cases in Sierra Leone, among which 24 samples were collected during the second wave and 41 samples were 
collected during the third wave. Nanopore sequencing generated 54 SARS-CoV-2 whole genomes. The second 
COVID-19 wave was mainly caused by R.1 lineage while the third COVID-19 wave was dominated by B.1.617.2 
lineage (Delta variant). The phylogenetic analysis suggested multiple introductions of SARS-CoV-2 Delta variant 
into Sierra Leone and subsequent local transmission in this country. Our findings highlight the importance of 
genomic surveillance of SARS-CoV-2 variants and the urgent need for implementation of strengthened public 
health and social measures (PHSM) to control the spread of virus variants.   

1. Introduction 

Owing to the error prone nature of the viral replication process, se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), like other 
RNA viruses, accumulates mutations over time resulting in the emer-
gence of multiple genetic variants. The vast majority of these variants 
appear to be of little or no biological significance (https://www.who. 
int/en/activities/tracking-SARS-CoV-2-variants/). However, a small 
number of variants, termed variants of concern (VOCs), are associated 
with increase in transmissibility or virulence (Buchan et al., 2021; 
Campbell et al., 2021; Tegally et al., 2021; Bager et al., 2021), decrease 
in effectiveness of public health and social measures or available di-
agnostics, vaccines, therapeutics (Planas et al., 2021; Sabino et al., 2021; 
Davis et al., 2021). In addition, variants of interest (VOIs) are defined as 
variants with specific genetic changes that are predicted or known to 
affect virus characteristics and identified to cause apparent epidemio-
logical impacts to suggest an emerging risk to global public health. 
According to the data from WHO, there are four currently designated 

VOCs (Alpha, Beta, Gamma and Delta) and four currently designated 
VOIs (Eta, Iota, Kappa and Lambda). The number of countries reporting 
VOCs continues to increase. By 3 August 2021, Alpha had been reported 
from 182 countries, Beta from 132 countries, Gamma from 81 countries 
and Delta from 135 countries (COVID-19 weekly epidemiological update, 
2021). Due to the high transmissibility of VOCs (Buchan et al., 2021; 
Campbell et al., 2021; Tegally et al., 2021), the replacement of locally 
circulating variants by VOCs poses a serious public health threat. 

According to WHO Weekly Epidemiological Update (Edition 51), as 
of 1 6 August 2021, there have been 4,955,648 cumulative cases of 
coronavirus disease (COVID-19), including cumulative 117,282 deaths, 
in African region (COVID-19 weekly epidemiological update, 2021). The 
Region reported relatively similar numbers of weekly cases and deaths 
as the previous week, with just over 182,000 new cases and over 4800 
new deaths reported this week. In Sierra Leone, as of 6 August 2021, 
there have been 6303 confirmed cases of COVID-19 with 120 deaths, 
reported to WHO. On 17 June 2021, National COVID-19 Emergency 
Response Centre (NaCOVERC) announced that Sierra Leone was 
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witnessing a third wave of COVID-19 infections. Genomic sequencing of 
SARS-CoV-2 can provide valuable information on the dynamics of viral 
epidemics and the efficacy of control measures (Long et al., 2020; 
Taboada et al., 2020). Since the start of the pandemic, millions of SARS- 
CoV-2 sequences have been submitted to and shared on public sequence 
databases such as GISAID, GenBank and COG-UK. However, prior to our 
study, there was only one piece of literature that reported 11 SARS-CoV- 
2 genome sequences from Sierra Leone, which were isolated from 
COVID-19 confirmed cases during the early period of the pandemic in 
Sierra Leone (unpublished data, https://virological.org/t/sars-cov-2-g 
enomic-epidemiology-in-sierra-leone/544). The aim of this study is to 
investigate SARS-CoV-2 variants and possible transmission of VOCs in 
Sierra Leone. 

2. Methods 

A total of 65 nasal swab samples were collected from COVID-19 cases 
in Western Area Urban (WAU) district, which was the most severely 
affected district by the COVID-19 in Sierra Leone, accounting for 58.1% 
of cumulative confirmed cases and 82.5% of cumulative deaths in the 
country. A COVID-19 case was defined as a positive SARS-CoV-2 reverse 
transcription–polymerase chain reaction (RT-PCR) test result. Among 
the 65 samples, 24 samples were collected during the second wave and 

41 samples were collected during the third wave (Fig. 1). All study 
participants provided informed consent for the collection of samples and 
subsequent analyses. The study was approved by the Sierra Leone Ethics 
and Scientific Review Committee. 

Viral RNA was extracted from 140 μl of nasal swab with QIAamp 
Viral RNA kit (Qiagen, GER) and reverse transcribed into cDNA using 
SuperScript™ III First-Strand Synthesis System (Thermo Fisher, USA) 
with random hexamers according to the manufacturer’s instructions. 
Ampliseq PCR was performed using Ion AmpliSeq HiFi Mix and Ion 
AmpliSeq™ 2019-nCoV Panel (Thermo Fisher, USA). The Ion Ampli-
Seq™ 2019-nCoV Panel consists of two pools with amplicons ranging 
from 125 bp to 275 bp in length and covers >99% of the SARS-CoV-2 
genome. Two separate PCR reactions were done for each sample, and 
the pool 1 and pool 2 amplification products of each sample were mixed. 
The DNA concentration was determined with a Qubit 3.0 instrument 
using a dsDNA HS Assay Kit (Thermo Fisher, USA). 

Rapid barcoding workflow was used to prepare the sequencing li-
brary (Oxford Nanopore, UK). In each sequencing run, four samples 
were barcoded and mixed into one tube to generate one sequencing li-
brary. Sequencing was performed on the MinION platform, the final li-
brary was loaded onto the flow cell. Genome sequences were assembled 
using CLC software with the SARS-CoV-2 reference genome (accession 
number: NC_045512). 

Fig. 1. COVID-19 cases and deaths reported weekly in Sierra Leone, as of 6 August 2021. The numbers 1, 2 and 3 at the top of the figure indicate three COVID-19 
waves in Sierra Leone. 

Fig. 2. The distribution of SARS-CoV-2 pango lineages circulating in Sierra Leone. (A) The proportion of SARS-CoV-2 lineages during the second wave; (B) The 
proportion of SARS-CoV-2 lineages during the third wave. 
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The obtained SARS-CoV-2 sequences were assigned the most likely 
lineages by Phylogenetic Assignment of Named Global Outbreak LINe-
ages (pangolin) web application (https://pangolin.cog-uk.io/) (Ram-
baut et al., 2020; O’Toole et al., 2021). Real-time phylogenetic was 
performed by Ultrafast Sample placement on Existing tRee (UShER) 
(Turakhia et al., 2021). UShER can generate local subtrees to show 
samples in the context of the most closely related sequences. The se-
quences reported in this article are available in GenBank under acces-
sion numbers of MZ411524-MZ411527, MZ436883-MZ436899, and 
MZ854386-MZ854418. 

3. Results 

Sierra Leone recorded its first confirmed COVID-19 case on 30 March 
2020 in Freetown, the capital of Sierra Leone. Subsequently, COVID-19 
cases were detected in all of 16 districts. Since the beginning of the 
pandemic, Sierra Leone has experienced three waves of COVID-19 in-
fections (Fig. 1). At enrollment, the median age of participants was 
39 years, ranging from 14 to 73. Of them, 32 were male and 33 were 
female. All of them were Sierra Leone citizens and reported no history of 
foreign travel in the 14 days prior to diagnosis. 

A total of 21 genome sequences were obtained from 24 selected 
samples collected during the second wave. These sequences were also 
classified in pangolin as lineages: R.1 (n = 17), B.1.509 (n = 3) and B.1 
(n = 1). As is shown in Fig. 2A, the percentage of R.1 lineage reached 
81%, indicating R.1 lineage responsible for the second wave of COVID- 
19 infections in this country. There were no VOCs and VOIs detected in 
the 21 sequences. In addition, 33 genome sequences were determined 
from 41 selected samples representing the third wave of COVID-19. 
Among the 33 genome sequences, B.1.617.2 was the most common 
lineage (87.9%, 29/33), followed by B.1.629 (6.1%, 2/33), B.1.525 
(3.0%, 1/33), B.1.1.318 (3.0%, 1/33) (Fig. 2B). Of great importance, a 
more highly transmissible variant of SARS-CoV-2, B.1.617.2 (Delta 
variant), has been detected and dominated the third wave of infections 

in Sierra Leone. Among 29 B.1.617.2 sequences, three were further 
divided into AY.37, AY.43 and AY.44 sub-lineages respectively. The 
dynamic change of SARS-CoV-2 variants in Sierra Leone was observed. 

We investigated the introduction of B.1.617.2 lineage into Sierra 
Leone. A total of five local subtrees were generated, and each one 
showed the most closely related B.1.617.2 sequences from the public 
sequence databases with those from the study. Moreover, the local 
subtrees showed evidence of different geographic origins of B.1.617.2 
lineage. As is shown in the subtrees (Fig. 3A, B), the majority of Sierra 
Leone B.1.617.2 sequences were most closely related with B.1.617.2 
sequences from England, indicating their origin in England. Fig. 3C and 
E illustrated five Sierra Leone B.1.617.2 sequences (samples 32, 33, 38, 
42, and 62) were most closely related with B.1.617.2 sequences from 
USA. The remained one Sierra Leone B.1.617.2 sequences (sample 58) 
was most closely related with one Scotland sequence (Fig. 3D). The 
different geographic origins suggested multiple introductions of SARS- 
CoV-2 lineage into Sierra Leone. Finally, we found that most of Sierra 
Leone B.1.617.2 sequences were each other closely related, and five 
monophyletic clusters were observed (Fig. 3). For example, nine Sierra 
Leone B.1.617.2 sequences (samples 28, 36, 39, 48, 54, 57, 60, 61 and 
65) formed a monophyletic cluster (Fig. 3A). All B.1.617.2 sequences in 
this cluster were from Sierra Leone and each other closely related. Given 
all the participants reported no history of foreign travel in the 14 days 
prior to diagnosis, the observed five Sierra Leone B.1.617.2 clusters 
indicated local transmission of B.1.617.2 lineage in the country. Taken 
together, the phylogenetic analysis suggested multiple introductions of 
SARS-CoV-2 lineage into Sierra Leone and subsequent local transmission 
in the country. 

4. Discussion 

In this work, we analyzed the molecular genomics features of two 
waves of COVID-19 infections occurring in Sierra Leone. We discovered 
that the second COVID-19 wave was mainly caused by R.1 lineage while 

Fig. 3. Phylogenetic tree analysis of Delta variant. The subtrees were generated by Ultrafast Sample placement on Existing tRee (UShER) and explored using the 
Nextstrain platform. The uploaded Sierra Leone Delta variant sequences are denoted by red circle symbols and the public Delta variant sequences are indicated by 
black circle symbols. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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the third COVID-19 wave was dominated by B.1.617.2 lineage. The 
dynamic change of SARS-CoV-2 lineages indicated the continuously 
introductions of different SARS-CoV-2 lineages into this country. We 
further showed that B.1.617.2 lineage was introduced into Sierra Leone 
from different geographical regions independently. These results 
strongly suggest the active transmission of virus variants. 

Although the R.1 lineage is not currently classified as a VOC or VOI, 
it does have several mutations of importance. For example, the E484K 
mutation has also been identified in SARS-CoV-2 VOCs, such as Beta 
(B.1.351) and Gamma (P.1), which showed evidence of reduced 
neutralization by convalescent and postvaccination sera (Wang et al., 
2021a; Wang et al., 2021b). Since R.1 lineage was identified on 14 
January 2020, the lineage variant has been detected in at least 34 
countries. A recent study reported that the relative instantaneous 
reproduction numbers (RRI) of the R.1 with respect to other strains 
circulating in Japan were estimated at 1.25, which indicating the higher 
transmissibility of R.1 lineage (Ito et al., 2021). The first 11 sequences 
obtained from samples collected during the first COVID-19 wave in Si-
erra Leone belonged to A.12, B.1, B.1.1, B.6 and B.1.379 lineages. 
Indeed, we observed the replacement of initially circulating variants by 
mainly R.1 lineage during the second wave. 

The SARS-CoV-2 B.1.617 lineage was initially identified in October 
2020 in India (Ferreira et al., 2021). B.1.617 viruses are divided in three 
lineages: B.1.617.1, B.1.617.2 and B.1.617.3. B.1.617.2, also referred to 
as the Delta variant, rapidly spread around the world prompting the 
WHO to classify it as a VOC in May 2021. The world is still grappling 
with the Delta variant. Recently, Finlay Campbell et al. reported a sta-
tistically significant increase in the pooled mean effective reproduction 
number relative to non-VOC/VOI of Alpha at 29%, Beta at 25%, Gamma 
at 38% and Delta at 97%, which indicating the highest transmissibility 
of Delta variant (Campbell et al., 2021). Moreover, reduced sensitivity of 
SARS-CoV-2 Delta variant to antibody neutralization was illustrated 
(Planas et al., 2021). By 27 August 2021, only 2.0% of people in Sierra 
Leone have received at least one dose of a COVID-19 vaccine, and only 
0.4% of people in Sierra Leone have been fully vaccinated (https: 
//ourworldindata.org/covid-vaccinations). With the low percentage of 
the population that is completely immunized in Sierra Leone, there is a 
possibility of a new COVID-19 wave in the country. In our study, we 
found the replacement of previously circulating SARS-CoV-2 variants by 
Delta variant in Sierra Leone, which poses a serious public health threat. 
Our findings highlight the importance of genomic surveillance of SARS- 
CoV-2 variants and the urgent need for implementation of strengthened 
public health and social measures (PHSM) to control the spread of virus 
variants. 
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Rambaut, A., Holmes, E.C., O’Toole, Á., et al., 2020. A dynamic nomenclature proposal 
for SARS-CoV-2 lineages to assist genomic epidemiology. Nat. Microbiol. 5 (11), 
1403–1407. 

Sabino, E.C., Buss, L.F., Carvalho, M.P.S., et al., 2021. Resurgence of COVID-19 in 
Manaus, Brazil, despite high seroprevalence. Lancet. 397 (10273), 452–455. 

Taboada, B., Vazquez-Perez, J.A., Muñoz-Medina, J.E., et al., 2020. Genomic analysis of 
early SARS-CoV-2 variants introduced in Mexico. J. Virol. 94 (18) e01056–01020.  

Tegally, H., Wilkinson, E., Giovanetti, M., et al., 2021. Detection of a SARS-CoV-2 variant 
of concern in South Africa. Nature. 592 (7854), 438–443. 

Turakhia, Y., Thornlow, B., Hinrichs, A.S., et al., 2021. Ultrafast sample placement on 
existing tRees (UShER) enables real-time phylogenetics for the SARS-CoV-2 
pandemic. Nat. Genet. 53 (6), 809–816. 

Wang, P., Nair, M.S., Liu, L., et al., 2021a. Antibody resistance of SARS-CoV-2 variants 
B.1.351 and B.1.1.7. Nature. 593 (7857), 130–135. 

Wang, Z., Schmidt, F., Weisblum, Y., et al., 2021b. mRNA vaccine-elicited antibodies to 
SARS-CoV-2 and circulating variants. Nature. 592 (7855), 616–622. 

L. Lin et al.                                                                                                                                                                                                                                       

https://ourworldindata.org/covid-vaccinations
https://ourworldindata.org/covid-vaccinations
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0005
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0005
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0005
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0010
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0010
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0010
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0015
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0015
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0015
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0020
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0020
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0025
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0025
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0025
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0030
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0030
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0030
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0035
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0035
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0035
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0040
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0040
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0040
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0045
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0045
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0045
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0050
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0050
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0055
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0055
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0055
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0060
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0060
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0065
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0065
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0070
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0070
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0075
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0075
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0075
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0080
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0080
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0085
http://refhub.elsevier.com/S1567-1348(22)00005-3/rf0085

