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Tracking the rise and fall of Scottish SARS-CoV-2 /
COVID-19 using virus sequences

AIMS

SARS-CoV-2 variants from COVID-19 cases in the UK are being sequenced as part of a national
effort via the COVID-19 Genomics UK (COG-UK) Consortium . Since virus sequence data
accumulates mutations over time, even over the time scale of a few weeks there are sufficient
differences between sequences to infer clustering and transmission patterns across the UK. This
project used the virus sequence data from Scotland in models to provide a genomic view on the
origins of the multiple introductions of SARS-CoV-2 into Scotland and how the epidemic was
spreading within regions of Scotland.

KEY FINDINGS

» This study has generated new sequence analysis pipelines which show how sequence data
can be used to assess the epidemic at a regional population scale.

+ Sequence data was used to trace the timing and geographic origins of groups or chains of
related infections, and to assess growth and decline of these infections within Scotland.

» Infections in Scotland in the first wave had origins traced predominantly to both England
and mainland Europe.

» During the first wave restrictions, the number of new imports into Scotland declined sharply
and the spread within Scotland also declined to low levels, with little persistence of wave
one viruses over the summer.

* When the restrictions were relaxed over the summer the initial new introductions of
infections again had their origins traced predominantly to England and Europe. By
September SARS-CoV-2 was circulating and increasing in numbers within Scotland once
again.

* Using sequence data shows that lockdown restrictions can be effective in controlling the
epidemic within Scotland, but preventing additional waves of infection also requires the
control of new incursions of infection originating from outside of Scotland.
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WHAT DID THE STUDY INVOLVE?

This study involved the modelling and analysis of virus genome sequences from cases in Scotland.
Samples were collected for sequencing and the sequencing was performed via the COVID-19
Genomics UK (COG-UK) consortium. The Scottish samples were sequenced by the MRC-University
of Glasgow Centre for Virus Research (CVR), Virology Department, Royal Infirmary of Edinburgh,
NHS Lothian and Wellcome Sanger Institute.

Advanced computational methods for analysing outbreak sequence data have been under
development since the 2009 H1IN1 pandemic, however these have only been suitable for relatively
small bounded data sets. Therefore in this project we developed algorithms and an analysis pipeline
to make them suitable for the Scottish data embedded within the larger UK and global data sets.

Specifically making use of the division of the UK data into groups of related sequences (lineages),
we used fast approximations to estimate the origin time and location, and to indicate the growth and
persistence properties of each lineage which had some representatives in Scotland. Sequences
were further grouped into NHS Health Boards, to enable within Scotland spread to be estimated as
a function of time. Using the initial estimates from the data as starting points, we developed
simulations of how the infection might spread through Scotland between Health Boards.
Additionally, we developed an online webtool to show the results of the analysis.

WHAT WERE THE RESULTS AND WHAT DO THEY MEAN?

More than 8000 virus samples from cases in Scotland were sequenced and analysed in this study.
These represent approximately 20% of the cases which tested positive in Scotland. Sequence data
sets are updated with the latest UK and global data weekly as part of COG-UK, and we have been
further analysing the data from Scotland. Results from the analysis can be explored in an online
webtool we developed - http://phylodynamics.lycett.roslin.ed.ac.uk:3838/RiseFallScotCOVID/
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The sequences can be classified into detailed strains using a global lineage and/or UK specific
lineage naming convention (Rambaut et al. 2020). Of the diversity present in the first wave, a wide
sample of global diversity was found in Scotland (55 of the 164 named global lineages to August
2020); and although an even wider sample was found in the UK (101 named lineages) — the diversity
in Scotland was not just a subset, as there were 14 lineages with a much higher proportion of
sequences (>=90%) in Scotland than the rest of the UK; most likely reflecting different travel
patterns (see da Silva Filipe et al. 2021)). Furthermore, there is diversity within Scotland and
different Health Boards had different distributions of global lineages.

Using data to August 2020 (5000+ whole genomes from Scotland), we estimated that there were
>1000 introductions into the whole of the UK. About 300 introductions seeded lineages in Scotland,
but most of these were represented by five sequences or less, and only around 25% had more than
5 sequences. We estimated the approximate time and place of origin of these individual lineages,
and found that the majority had originated in England or Europe, from before the lock-down. Figure
2 shows the estimated number and origin of lineages imported to Scotland with time using data to
October 2020 (8000+ whole genomes from Scotland).
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Within Scotland, the diversity of the UK lineages circulating in a Health Board, and how imports
versus exports to other regions within Scotland, and also from/to England, Wales and Northern
Ireland changed through time was inferred from the UK lineage data. Using data to October 2020,
the imports and exports between Health Boards over time are represented by arrows on the maps
in figures 3A and B (please see online tool for movie). These results show the virus spreading
rapidly around Scotland after the first introductions; a decrease in between Health Board
transmission after lockdown, but a subsequent increase in transmission through August and
September.
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Figure 3A: Maps showing the import and export relationships between the
NHS Health Boards within Scotland at different timepoints from March to June.

The width of the arrows on the map represent the number of imports/exports
in a week. White arrows are between Health Board transmissions; from
England (pink); from Wales (green); from Northern Ireland (purple), from
Scotland to the other nation states (blue) . [Legend continues next panel].
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Figure 3B: Maps showing the import and export relationships between the
NHS Health Boards within Scotland at different timepoints July to October.

White circle size: maximum number of sampled sequences in 7 days.

Note

that the transmissions are inferred so may pre-date the sampled sequences.
Background colour of the Health Boards: maximum number of new confirmed

cases detected in 7 days.
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Analysis of the individual lineages show that there were many lineages which have sequences in
Scotland before mid-July but die out afterwards (388 before 19" July 2020, of any size and 66 with
> 5 sequences in Scotland), and a resurgence of different lineages at the end of August (30" August
2020). There however were some lineages (9 with > 5 sequences in Scotland) which were detected
both before 19" July and after 30" August in Scotland — these lineages may have died out in
Scotland in the summer and been re-introduced (most likely from England since these lineages
were present in England also) or may just not have been detected. From the end of August onwards,
there were 30 new lineages with sequences in Scotland. The time-scaled phylogenetic analyses
shows that several of the new lineages in Scotland were seeded by European imports and some by
English imports over the summer period, and that this largely agrees with independent
epidemiological investigations into the travel history of cases.

An estimate of the relative contribution of the imported lineages to the subsequent circulation in
Scotland was made by considering which UK lineages were imported in the summer period (17th
July - 30th August) and autumn (30th August onwards). It was estimated that imported lineages
over the summer contributed to 26% of sequences from the summer onwards. But in the autumn,
although there were more sequences, these were mostly from lineages growing within Scotland,
rather than from new lineages starting from elsewhere, so overall it is estimated that imported
lineages over the autumn only contributed to 1% of sequences from the autumn onwards. Of this
1% the majority of the sequences in these lineages had an English origin.

WHAT IMPACT COULD THE FINDINGS HAVE?

» The sequence analysis is at the Health Board level, and enables an overview of the origin,
growth and decline of infections and lineages in that region. This information is influenced
by which samples are sequenced, but the analysis can be performed on five or more
sequences.

« The number of lineages seeded at different points in time is a difficult quantity to estimate
without sequence data, and results from this analysis can be used in further simulation
modelling to help generate possible epidemic trajectories.

» The detailed outcomes of this study can provide virus centric information to policy makers
to help inform decisions about when and where restrictions could be tightened or eased.

HOW WILL THE OUTCOMES BE DISSEMINATED?

A report written together with several from COG-UK has been written and sent to SAGE “Epidemic
waves of COVID-19 in Scotland: a genomic perspective on the impact of the introduction and
relaxation of lockdown on SARS-CoV-2" Samantha J Lycett, David L Robertson et al. (COVID-19
Genomics UK (COG-UK) Consortium), 28/10/2020. Additionally the report, converted to the form
of an academic paper, is available as a pre-print on medRXxiv at
https://doi.org/10.1101/2021.01.08.20248677 and will be submitted for publication.

The results of the analyses including a between Scottish health board spread movie are displayed
in an on-line tool, this is accessible via
http://phylodynamics.lycett.roslin.ed.ac.uk:3838/RiseFallScotCOVID/
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CONCLUSION

Analysis of whole genome viral sequence data has revealed the pattern of introductions and spread
of SARS-CoV-2 into and within Scotland. Hundreds of introductions resulted in lineages being
established in and spread around Scotland, with the majority of imports from England and mainland
Europe. Movement and other restrictions placed on the population in March 2020 reduced the
spread of the virus into and around Scotland, and extinguished many lineages, with only a few
persisting through the summer. However, the virus returned in the autumn when restrictions were
eased.

The sequence data from Scotland shows that it is important to continue to control chains and
clusters of infections arising from new imports from elsewhere in the UK and globally, and to control
the growth of lineages within Scotland. This work summarises the rise, fall and resurgence of
SARS-CoV-2 in Scotland from a virus genomic perspective and indicates that restrictions are
effective in controlling the virus in Scotland, but that they will probably be needed again in 2021 until
effective vaccines or drugs are available widely in the population.

RESEARCH TEAM & CONTACT

Dr Samantha Lycett samantha.lycett@ed.ac.uk

Infection & Immunity Division 0131 651 9100 (Roslin reception)
Roslin Institute, University of Edinburgh
Easter Bush Campus

Midlothian, EH25 9RG
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