S

ELS

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.



International Journal of Infectious Diseases 109 (2021) 50-53

Contents lists available at ScienceDirect

International Journal of Infectious Diseases

journal homepage: www.elsevier.com/locate/ijid

Detection of SARS-CoV-2 variants requires urgent global coordination n

Check for
updates

Carlos M. Duarte*, Tahira Jamil, Takashi Gojobori, Intikhab Alam

Computational Bioscience Research Centre (CBRC), King Abdullah University of Science and Technology, Thuwal, 23955, Saudi Arabia

ARTICLE INFO ABSTRACT

Article history:

Received 28 March 2021
Revised 11 June 2021
Accepted 12 June 2021

Objectives: To assess the efforts deployed by different nations and territories in sequencing SARS-CoV-2
isolates, thus enabling detection of variants, known and novel, of concern.

Methods: The sources of over one million full genome sequences of SARS-CoV-2 virus available in the
COVID-19 virus Mutation Tracker (CovMT) were analyzed to determine the number of variants in the
RBD region of the genome determining infectivity detected in the various nations and territories.

Keywords:

SA}}/{S-CoV-Z Results: The number of detected variants increased as the square root of sequencing effort by nations.
Variants Eight nations have contributed 79% of all SARS-CoV-2 isolates that have been sequenced, with two-thirds
Mutations of all unique variants, adding to 1118 RBD variants, reported by five nations. The median number of
SequePClng sequenced isolates required to detect, on average, one novel RBD variant is 24.05, which is a threshold
Capacity achieved by 70 nations.

Detection

Conclusions: Many developing nations have not contributed any sequences due to lack of capacity. This
poses a risk of dangerous virus variants in these under-sampled regions spreading globally before being
detected. A collaborative program to sequence SARS-CoV-2 isolates, and other pathogens of concern, is
needed to monitor, track, and control the pandemic.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
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The rapid diversification of SARS-CoV-2 variants - with the total
number (i.e., unique sequences across the entire genome) reach-
ing 539,933 as of 11 April 2021 (COVID-19 virus Mutation Tracker
(CovMT), https://www.cbrc.kaust.edu.sa/covmt, Alam et al. 2021)
based on genomic data from a world-leading SARS-CoV-2 repos-
itory (gisaid.org) - is raising concern, as some of these vari-
ants, particularly the E484K mutation, may overcome the immune
defenses produced by previously infected or vaccinated people
(Tada et al. 2021).

Novel SARS-CoV-2 variants are initially diluted in a population
of infected people, thereby leading to low detection power, en-
abling the more infective variants to reach high levels and pos-
sibly percolate across national borders before being detected. De-
tecting new SARS-CoV-2 variants requires whole genome sequenc-
ing, with the total number of good-quality reported genome se-
quences of isolates (with >90% base coverage) reaching 1,010,872
by 11 April 2021. Detecting variants is particularly important in the
RBD region, as this is believed to determine SARS-CoV-2 infectivity
(Greaney et al. 2021).
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Most of the reported RBD variants were first detected in the
UK, USA, Denmark, Germany, Mexico, Switzerland, and South
Africa, accounting for 64% of the 1118 RBD variants reported to
date, including the so-called UK (N501Y, B.1.1.7), South African
(K417N+E484K+N501Y, B.1.351) and Brazilian (E484K+N501Y, P.1
and E484K, P.2) variants of concern (Sabino et al. 2021). One
of the most concerning RBD mutations is E484K, also reported
to be acquired by the UK variant, which has been involved in
evasion of antibodies, rendering existing vaccines less effective
(Greaney et al. 2021, Sabino et al. 2021). However, 87 nations,
including most developing nations and territories particularly in
Africa and Island states, have not yet reported any RBD variants
(Figure 1a) because no isolate sampled in those nations and ter-
ritories has been sequenced. Sequencing effort is highly skewed
(Furuse 2021), with the top eight nations contributing to this effort
(UK, USA, Denmark, Japan, Australia, Canada, Switzerland, and the
Netherlands, in order of contribution), with more than 10,000 re-
ported isolate genomes sequenced from each and having reported
82% of all genome sequences globally (Figure 1b).

The number of RBD variants detected in isolates sequenced in
any one nation increases with the square root of sequencing effort,
with > 10,000 sequenced isolates required to considerably reduce
the rate of discovery with further sequencing effort (Figure 2). The
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Figure 1. (a) The number of isolate genomes sequenced and (b) the number of RBD variants detected across nations, as reported by 11 April, 2021. 11 April.
Data obtained from world variants table available at COVID-19 virus Mutation Tracker (CovMT) (1), where RBD variants are operationally defined as each set of SARS-CoV-2
genomes that generate the exact same amino acid sequence in the RBD region of the spike protein.

median number of sequenced isolates required to detect, on aver-
age, one novel RBD variant is 24.05, which is a threshold achieved
by 70 nations (Figure 2). Hence, many nations with large numbers
of infected cases, particularly developing nations but also some de-
veloped nations (Figure 2), have fallen short in the sequencing ef-
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fort required to detect new RBD variants that may be present in
populations.

SARS-CoV-2 sequence data are mostly derived from clinical di-
agnostic samples, particularly from infected individuals with high
viral loads (VL), that provide enough RNA for the sequencing of
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Figure 2. (a) The number of isolate genomes sequenced per RBD variants detected in developed and developing nations. The vertical dotted line shows the median number
of isolates sequenced to detect the new RBD variant (24.05). (b) The relationship between the number of RBD variants detected and the number of isolate genomes sequenced
in developed and developing nations. The solid line shows the fitted power law (equation in the insert) and the corresponding regression equation.
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nearly complete genomes (Chiara et al. 2021). Handling the sam-
ples for RNA extraction requires using biosafety level (BSL) 2 lab-
oratories, and extracted RNA should be stored at -80 °C to avoid
degradation. Sequencing uses various next-generation sequencing
strategies, mostly Illumina sequencing, with specific library proto-
cols (Chiara et al. 2021). The sequences that are retrieved need to
then be assembled to construct a high-quality full viral genome.
Chiara et al. (2021) provided a useful overview of the different
procedures involved. The resulting viral genomes should then be
made available by depositing them in the GISAID EpiCov portal
(Shu and McCauley 2017), which is the most widely used repos-
itory of SARS-CoV-2 genomic data. However, while relatively stan-
dard, these technologies and the infrastructure and skill sets re-
quired may not be available everywhere, particularly in developing
nations.

Next-generation whole-genome sequencing of SARS-CoV-2 virus
isolates is essential for tracing the spread and transmission chains
of outbreaks, as well as for monitoring evolution and diversifica-
tion (Chiara el al. 2021). Hence, the COVID-19 pandemic has led to
unprecedented levels of full-genome sequencing in efforts to detect
new variants and deploy defense strategies, such as mobility limi-
tation and quarantine, as exemplified efforts across nations to limit
the spread of the variants referred as UK (B.1.1.7), South African
(501Y.V2), and Brazilian (P1) variants, some of which are more in-
fective and/or may escape immune defenses (Kuzmina et al. 2021,
Li et al. 2021).

Delivering the full power of whole-genome sequencing to de-
tect, assess, and manage risks associated with the evolution of
new SARS-CoV-2 variants requires a global effort, particularly in
areas experiencing high numbers of infections, as these are the ar-
eas where new variants are more likely to be originating. Wide
inequality in the capacity for advanced genomic sequencing is a
manifestation of the growing gap in R&D capacity in health sci-
ence between developing and developed nations. In a pandemic
situation, the risk of failing to detect potentially dangerous vari-
ants until they have spread and become prominent is shared
by all nations. Massive national efforts to sequence SARS-CoV-
2 variants isolated from populations may be ineffective if dan-
gerous variants are not detected where they originate, allowing
them to spread. Hence, a mechanism is required for nations with
demonstrated high capacity, such as the top 10 nations in se-
quencing efforts (Figure 1), to assist with sequencing of samples
collected in developing nations lacking the capacity. The World
Health Organization recently provided a guideline to improve se-
quencing efforts (https://apps.who.int/iris/rest/bitstreams/1326052/
retrieve) and suggested that sequencing samples be sent to an es-
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tablished international sequencing laboratory in a third country
where sequencing capacity maybe lacking (https://www.who.int/
csr/don/31-december-2020-sars-cov2-variants/en/).

Creating a global, coherent, and collaborative program for
pathogen sequencing is not just required to respond to the COVID-
19 pandemic. A permanent mechanism is required to maintain
an effective monitoring and prevention system in the future. In
a world with unprecedented connectivity, global collaboration and
generosity in sharing genomic sequencing capacity and data is not
just an act of generosity - it is also an act of self-interest for every
nation.
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