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COVID19 (SARS-CoV-2) - implications for research development in Africa. 
 
Covid19, caused by the virus SARS-CoV-2, is responsible for an unprecedented 
pandemic that has caught the world unprepared. More than 700 genomes of SARS-
CoV-2  have been sequenced and they show its relatedness to other Coronaviridae in 
particular those isolated from bats. The WHO-China joint mission report (February 
2020) commends the  rapid, science-based approach of the containment strategies 
developed by China. The use of sequencing technologies and  structural modeling 
have been key to developing tests for the identification of and for deciphering the 
virus. The report also highlights that the rest of the world was as yet unprepared to 
deal with the magnitude of the contagion.  
 
The virus was first reported in the city of Wuhan, in the Hubei province of China 
where the first patient was hospitalized on 12 December 2019. Laboratory tests did 
not detect any known respiratory pathogen. As the number of infected individuals 
increased, it was clear that all patients had visited or worked at a seafood/animal 
market. As the virus was spreading at an uncontrolled  rate, measures were taken to 
impose restricted movement of people from and into the province. This did not 
prevent the dissemination to all the provinces of China. By end of January 2020, it 
had reached most countries of South East Asia and USA, Australia and South 
America. Europe is now in the midst of the pandemic with Spain and Italy having the 
highest incidence so far.  
 
What are Coronaviruses? 
The Coronaviridae family are part of the superfamily of Nidovirus and includes three 
genera (alpha, beta and gammacoronaviruses). Coronaviruses are thus named because 
of the virus structure, which has spikes on the virus particles that make it look like a 
crown under the electron microscope.  Other coronaviruses described in humans are 
the  SARS-CoV, a betacoronavirus (severe acute respiratory syndrome),  NL63, an 
alphacoronavirus and  HKU1, a betacoronavirus. Several others are known to infect 
animals such bats, pangolins.   
 
How was SARS-CoV-2  first identified? 
 
Bronchoalveolar lavage fluid (BALF) was obtained from one of the first patients in 
Wuhan who had severe symptoms (Fan Wu 2020). This was subjected to RNA 
isolation and sequencing through a meta transcriptomic approach to sequence all the 
RNAs in the sample. Among the several millions of reads obtained and assembled 
using the program Megahit and Trinity, a high-abundance contig was identified as 
being close to the known  bat SARS-like Coronavirus bat SL-CoVZC45 which was in 
Genbank (Fig 1). As the virus genome is a linear, positive-strand RNA molecule the 
whole genome sequence was then obtained using RT-PCR and RACE (rapid 
amplification of cDNA ends). It was referred to as the WH-Human 1 coronavirus 
(WHCV) and deposited in Genbank (Accession number MN908947).  The RNA 
sequence data was then re-mapped onto the genome sequence which lead to 99.9 % of 
the genome being mapped.  

Further investigation using multiple alignment with another human and a bat 
coronavirus confirmed the finding that the WHCV was indeed related to the two and 
had similar organisation of viral genes. The genome length was 29,903 nucleotides 
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coding for a replicase ORF1ab, spike (S), envelope (E), membrane (M) and 
nucloecapsid (N). (Gene prediction and annotation tool: Lasergene). Phylogenetic 
analysis (PhyML) of the whole genome and other genes separately pointed to the 
close relatedness to the SARS-CoV.  

 

 

 
 

Figure 1. (Zhou Peng et al 2020). a, Metagenomics analysis of next-generation sequencing of BALF from patient ICU06. b, 
Genomic organization of 2019-nCoV WIV04. M, membrane. c, Similarity plot based on the full-length genome sequence of 
2019-nCoV WIV04. Full-length genome sequences of SARS-CoV BJ01, bat SARSr-CoV WIV1, bat coronavirus RaTG13 and 
ZC45 were used as reference sequences. d, Phylogenetic tree based on nucleotide sequences of complete genomes of 

coronaviruses. MHV, murine hepatitis virus; PEDV, porcine epidemic diarrhoea virus; TGEV, porcine transmissible 
gastroenteritis virus.The scale bars represent 0.1 substitutions per nucleotide position. 
http://creativecommons.org/licenses/by/4.0/. 

 

Once genome sequences are available, the data are utilized to further investigate the 
properties of the virus and its origin. Most importantly sequencing allows for tracing 
of isolates and monitoring of any genetic change as the infection spreads. 
Epidemiological studies rely on accurate measures of variation among strains to 
report on their distribution and evolution.  

Infectivity depends on virus-host interaction  

 Infections of animals by viruses require a host receptor to bind to and enter the host 
cell followed by membrane fusion. Host specificity relies on the affinity of the viral 
protein for its corresponding receptor. The mechanism of cell entry by the SARS-
CoV-2  virus relies on the interaction of  the spike (S) protein with a corresponding 
receptor in the host. The spike glycoprotein is comprised of two subunits: S1 that has 
a receptor-binding domain (RBD) and S2 that is involved in membrane fusion (Walls 
et al.2020). The receptor for SARS like viruses is ACE2 (angiotensin converting 
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enzyme 2) expressed on the cell surfaces of the lungs, kidneys, intestine and heart. It 
functions as a carboxypeptidase with the ability to cleave angiotensin 2 to angiotensin 
1-7 which is a vasodilator (NCBI GeneID:59272). The S1 receptor-binding domain 
(RBD) binds to the protease domain of ACE2. There are 14 amino acids of the RBD 
that are in close interactions with corresponding residues in ACE2 and 9 of those are 
conserved among SARS-CoV-2  and the other SARS-CoV from animals (Wan et al 
2020). High binding affinity to ACE2 is associated with transmissibility and 
pathogenicity. Amino acid polymorphism in the RBD of SARS-CoV-2 compared to 
other SARS-CoV impart a higher binding affinity to the host receptor (Fig 2) 
(Andersen et al 2020. Another striking difference of  SARS-CoV-2  is a four amino 
acids insertion (including a proline) between S1 and S2 (position 681-684), which is 
not present in the other related viruses. This site forms a polybasic cleavage site by 
furin protease. SARS-CoV-2  has evolved to be efficient in transmission to human 
and to have enhanced pathogenicity.  
 
Phylogeny of SARS-CoV-2  isolates 
 
SARS-CoV-2  is closely related to other SARS-CoV; whole genome sequences are 
now available for many SARS-CoV-2  isolates making it possible to determine their 
relatedness.  Its phylogenetic position within the group of betacoronaviruses from 
different species indicate that it is evolutionarily close to human SARS-CoV from the 
2003-2004 epidemic and to those isolated from bats (Figure 1)(Zhou Peng et al 2020; 
Wu et al 2020).  
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Figure 2. Reproduced from Andersen et al 2020. Springer Nature License Number  4798750195013 
 
 
 
 
How are virus sequences used for testing?   

The immediate application of sequence data coming from infectious agents are to 
design primers for diagnostic purposes by conventional or real-time PCR. These are 
used to detect the presence of the virus as well as to quantify the viral load in for 
example bronchial washings. Presently, several institutions, companies are offering 
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Fig. 1: Features of the spike protein in human
SARS-CoV-2 and related coronaviruses.

From: The proximal origin of SARS-CoV-2

a, Mutations in contact residues of the SARS-CoV-2 spike protein. The spike protein
of SARS-CoV-2 (red bar at top) was aligned against the most closely related SARS-
CoV-like coronaviruses and SARS-CoV itself. Key residues in the spike protein that
make contact to the ACE2 receptor are marked with blue boxes in both SARS-CoV-2
and related viruses, including SARS-CoV (Urbani strain). b, Acquisition of polybasic
cleavage site and O-linked glycans. Both the polybasic cleavage site and the three
adjacent predicted O-linked glycans are unique to SARS-CoV-2 and were not
previously seen in lineage B betacoronaviruses. Sequences shown are from NCBI
GenBank, accession codes MN908947, MN996532, AY278741, KY417146 and MK211376.
The pangolin coronavirus sequences are a consensus generated from SRR10168377
and SRR10168378 (NCBI BioProject PRJNA573298) .29,30
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kits for RT-PCR of SARS-CoV-2. As part of measures to expedite testing, the Food 
and Drug Administration (FDA) in the US, is now allowing States Departments of 
Health to approve the use of tests as they become available. BGI (Beijing Genomics 
Institute) has recently released new test by RT PCR (reverse transcription polymerase 
chain reaction) and other companies (Sigma Aldricht) are also providing new kits for 
testing and for quantification. As the genome of the virus is RNA, this has to be first 
transcribed into DNA by a reverse transcription step before performing the PCR.   

RESOURCES ON COVID 19 
 
There are currently multiple sources for information on SARS-CoV-2  emanating 
from various groups that are sequencing the many isolates. Bioinformatics resources 
are crucial in analysis of genome and protein sequences and with many open source 
applications, rapid progress is happening to better understand the pathogenicity and 
infectivity of the virus as it evolves. The following site provide a wealth of resources 
and materials on the virus and its close relatives.  
http://www.clinbioinfosspa.es/CovidResources	
	
GISAID	 and	 NEXTSTRAIN	 are	 resources	 for	 up	 to	 date	 information	 on	 the	
genome	 sequences	 of	SARS-CoV-2  sequenced and details of the phylogeny with 
number and sites of mutations indicated on the display. At time of writing, 1543 
genomes had been sampled in February-March 2020. NextStrain provides an 
interactive display of relationship among strains sequenced represented by isolates 
from different countries.  
COVID-19 Genomics UK Consortium is an initiative of the Wellcome Sanger 
Institute, the NHS and academic institutions to undertake massive sequencing of the 
virus isolates that will help develop tests and treatment for the disease. Similarly 
many other countries have similar programs.   
	
Africa Research Focus 
 
This new pandemic has taken all countries by surprise and is a wake-up call for 
governments and the scientific community. The speed at which the virus is spreading 
is alarming and pointing to the limited resources for clinical care and for research.  
In Africa, medical care facilities are limited in most countries and the ability of 
countries to respond to the epidemic is an immense challenge. As the situation 
unfolds, governments are having to deal with not only medical emergencies but also 
political, social and economic matters which result from the urgent need to confine 
populations.  
How prepared is the scientific community in Africa. 
The use of genomics and bioinformatics tools has been crucial in the discovery and 
tracking of the virus.  It was identified through a meta-transcriptomics approach that 
produced a high number of sequence reads that were assembled and analysed. Once 
identified at the genus level, whole genome sequence comparison confirmed its 
relatedness to other members of the same family. Its phylogenetic position proved that 
it most likely originated from a bat strain, which had undergone mutations to become 
more efficient at invading human cells.  
 
Several sequencing centres across Africa have access to Next Generation Sequencing 
(NGS) and bioinformatics support; however it is not adequate for dealing with an 
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epidemic that is happening at such a high rate. These facilities are concentrated in 
South Africa, Nigeria, Uganda and few other countries. Initiatives such as H3Africa 
has consolidated genomic research across the continent and strengthened 
bioinformatics training. The University of Kwazulu Natal, KRISP center, has a state 
of the art sequencing center and a pipeline for virus identification based on whole 
genome comparison. This tool known as GenomeDetective has been used for Zika 
virus and Yellow Fever and has now been adapted to the detection and classification 
of SARS-Cov-2 (Cleemput et al 2020). It uses the BLAST algorithm and the new 
Advanced Genome Alignment algorithms to automated sequence identification and 
classification. 
 There is an immediate need to place the research focus of Africa on resources for 
adequate genomics and bioinformatics applications. Institutions/governments must 
invest in sequencing centers and develop additional training in bioinformatics. 
Although this has started to some extent, the goal is to reach out to all parts of the 
continent to boost research in health. Regional and national institutions must work in 
a concerted way for optimizing a strategy to accelerate scientific development.  
 
 
  
 
 
“This virus is one of the biggest threats our nation has faced in recent times and 
crucial to helping us fight it is understanding how it is spreading. Harnessing 
innovative genome technologies will help us tease apart the complex picture of 
coronavirus spread in the UK, and rapidly evaluate ways to reduce the impact of this 
disease on our society.” Professor Sharon Peacock, Director of the National Infection 
Service, Public Health England 
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