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Background

The first Welsh SARV2 genome was sequenced on th® & March. Since then, over 7,500 SARS/2
genomes from Welsh cases have been sequenced and analysed alongside over 50,000 oH@B\ZARS
genomes sequenced a@®the UK as part of the COMI® Genomics UK Consortium (GOK). Since March

we have used genomics data in r¢iahe to support the pandemic response in Wales and the UK, to analyse
what is occurring at a UK level, at a Welsh level, and at a local Téwelincludes the provision of analysis
results to Welsh Government, as well as performing outbreak analysis in response to requests from within
the NHS. This document outlines some of the insights that have been gained from the genomics work that
has be@ undertaken to date, in order to support decision making. This data has been collated rapidly, and
so comes with a number of caveats.

Caveats

The analysis presented here is part of ongoing efforts to analyse the dO\@anhdemic. Some results are
preliminary and the results may change as further analysis is conducted. In all cases the data should be
interpreted with other information, and not accepted as a single grand truth. The data presented also makes
extensive use of phylogenetics and populati@mgmics. The results of broad phylogenetic and population
genetic analyses may be consistent with a particular scenario, but this does not constitute definitive proof.
Indications may shift as more data accumulate, for example there can be bias causdtetancks in
sampling effort across global regions, or reduced precision due to lags between infection and confirmation
of infections. Furthermore, interventions often vary in concert and the effects of one intervention will be
confounded by others. Nevtreless, these approaches can be extremely informative when confirming
priori expectations, assessing trends, and in investigations at a local level.

Terminology

The genome sequence data is analysed by the-OR@am, and makes use of genome sequeriices

other parts of the world. We identify differences between the virus genomes, and use this to broadly group
genetically similar viruses intdK LineagesA UK lineage is an approximation of one or more introductions

of SARE0V2 into the UK, and itsubsequent evolution whilst in the URecause in the UK and Wales we
sequence many more SARSBV2 genomes than other countries, there are often cases where
contextualising SARS0V2 genome sequences from other countries are not available, and a sikgle U
lineage represents several imports into the UK, with subsequent local transmission. We perform additional
analyses to break UK Lineages down into smaller, more granular groups for outbreak analyses. These we call
Phylotypes

Current Situation in Wales

In the 14 days preceding thé"®f October, 31 UK lineages of SARS/2 had been seen in at least

one Welsh patient and 12 UK Lineages had been seen in 5 or more Welsh patients. Lineage counts
are now ticking up, although the numbers of active lineages are growing, the situatidhakeatly
different to the situation in March/April (Figure 1).
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Figure 1 Unique SAR®V2 UK lineages observed per Welsh local authority over time. The size of circle represents the number of
UK lineages seen in a local authority at a given pointie.ti

Since the 27 February 2020243 distinct phylotypes withs or more cases in Wales habeen
detected Figure2 showschangesn active UK lineages in Wales over time. While we have seen
increases over the summer, the numbers of UK lineages reessrihan in midMarch (Figure 1 and
2).Recent dips in the number of active lineages may relate to the fact that many cases currently fall
within particular lineages (i.e there has been a fall off of imports into Wales), a focus on outbreak
sequencing inhe last 24 weeks, time lag associated with receiving samples from labs across Wales
and lack of availability of community samples from Lighthouse labs.
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Figure 2 Active UK lineages observed in Wales over time. Point colours are the RAG rating foatbe itk thick black line is the
indicator value, with the thinner blue line being the change in number of active lineages over time.

Across Wales we see that most cases are from a limited number of UK lineages. In particular, lineages
UK389, UK395, UKl and UK5 have increased in recent weeks in multiple parts of Wales. In most
cases the lineages that are predominantly responsible for cases now have not been seen in Wales
prior to the AugustOctober period (Figura).
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We have been actively examiningettkey lineges within healthboardsand we have observed
evidence of key UK lineage increases being driven by multiple imports into different parts of the UK.
What seemsevidentfrom the data is that travel into the UK has played a role in establishing the
second wave.

Since July we have performed over 20 outbreak analyses in Wales, these provide a number of insights
relating both to local spread and to
Aneurin Bevan University Health Board
UKi852 TS Uiass Ukass s the effect of control measures.

As well as examining
outbreaks we have also worked to
understand theeffect of mutations

¢ VAL on severity, viral transmission and
Betsi Cadwaladr University Health Board testing accuracy. This surveillance
o — (G245 |wsen e 2 continues and has implications for
laboratory testing and on

modelling efforts.

FPEFE LS B PP P Figure 3 Showing case humbers associated
with the top 5 UK lineages in each health
Cardiff & Vale University Health Board board in the 12 most recent
o UKTS0 UKass Sl UK389 UK39S epidemiological weeks prior to the 5th of

P October. Only lineages with more than 1
sample in the last 12 epi weeks are shown.
‘ For context, the graphs show the case

[ I — counts for these top 5 current lineages all
P E B g‘if}fy PP B PP 5; *‘w‘;’ﬂﬁﬂ“u;”f the way back to thestart of the pandemic
in Wales.
Cwm Taf Morgannwg University Health Board
UK361 UK389 UK395 UK461 UKS5
50 | The graphs demonstrate the two types of
40-
%0 lineage that are currently causing disease
in Wales.

Firstly, UK lineages such as UK5 and
UK2243 have been long term causes of
disease in Wales. UK5 is the largest UK
lineage and wa probably introduced into

Hywel Dda University Health Board

UK2200 UK381 UK389 UK461
- the UK multiple times in February/March,
o and became rapidly established in
to- community transmission. As one of the

largest lineages, it has continued to

transmit in the community as other smaller
lineages have died out.
Poviys Teaching Heallh Board Secondlywe see a new wave of lineages
UK2491 [ UK389 UK461 UK5 | arriVing in Wales over the summer.
b ' Lineages such as UK389 and UK395 have
- never been seen before in Wales and have
10 arrived in the AugusBeptember timescale
I " 1 L I to cause considerable numbers of cases in
FERPIAE FARBIERD P A I SIS s s bR multiple  locations,  simultagously.
AT PISIT SIS FESII S ST Examining these new arrival lineages
Swansea Bay University Health Board reveals that they have arrived in many
UK 1882 UK381 \ UK389 UK395 UK481 parts of the UK simultaneously, presenting
o a signature that is consistent with the idea
- that these lineages have been seeded by
o multiple  simultaneous imports  from
l ‘ B d outside Wales/the UK.
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Insights

We have undertaken a range of analyses as part of the pandemic response to date. Here we summarise a set
of insights that are evident from our analyses to date which are potentially relevant to policy decisions being
considered.

Insights from geographic analysis of sequence data within Wales

Examining transmission patterns across Wales we find that cases in areas of high population density
(e.g. cities) are more likely to result from local chains of transmission, whereas thiess mrban

areas are more likely to be imports from elsewhere and rarely lead to local onward transmission
(Figure 4)

This data covers the pandemic to the end of August and considers only the major principal axes;
however, the pattern implied by these=sults remains consistent with the picture from recent
investigations of increases of cases in locations such as Wrexham. Analyses are ongoing to determine
the full significance of these results

Figure 4 Visualisation of the extent of
local transmissiorfor cases in Wales
up to the end of August. Larger black
squares indicate that cases arising
close together in space are also closely
related (i.e. positive  spatial
autocorrelation), whereas large white
squares indicate that cases occurring
close togethelin space are generally
quite unrelated genetically. The plot
represents mapping of the first
principal components of a PCA onto
geographic space, with black for
positive values (produced using R
package ade4). Base map is a
resistance surface generated ing
digital elevation and road network
data, colours reflect potential barriers
to dispersal.
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Insights on imports from England into Wales and the impact of lockdown rules

We have been analysing evidence for importation of lineages into Wales, particularly from England.
Using phylogenetics, we have inferred the likely origin of a phylotype (subtree) from sequence data,
and from this identified the fraction of samples in gn week that are from a new import. This shows
that early on in the pandemic a high proportion of cases could be linked to imports, with the number
decreasingonsiderablyfollowing lockdown (FigurB).
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This analysis shows that the proportion of cases that could be related back to new introductions
began to rise again during July and August, coinciding wittvidé&lockdown relaxations (Figure
5). This observation/analysis also supports the conchssfoom the analysis of outbreak cases.

When looking at the situation during the first wave, it is clear that the lockdown restrictions had a
considerablesffect in reducing imports from England/outside Wales. It is also clear thee thes
been an incrase in imports intdValesover the course of the summéFigureb).

Figure 5 The results of analysis using ancestral state reconstruction to estimate where groups of samples represembimports f
England/outside Wales. The blue blocks relate to the duction of new phylotypes, and the red line relates to the proportion of
cases that could potentially be linked to imports from England/outside Wales. It is likely that some of the proportiondusin A
onwards represents travel cases to common destinatiovhere English cases were recorded first, and no sequence exists from that
foreign location

Collectively the import and geographic analyses point towards the fact that, both during the full
lockdown and when limits on movement remained in Wales, thegasures helped reduce long
distance transmission within/into Wales. Within our data, over the summer months, we lad¢sov@
increased signatures of importation, which coincide with lockdown restriction ea3thgr analyses

(such as the analysis coveaginutbreaks, below) collectively suggest that travel has played a role in
seeding new cases/lineages into Wales, which in some cases have gone on to transmit extensively
within the community.

Insights from outbreaks

Genomic outbreak analyses have exaedra range of settings, from food factories through to local
community exceedances.

In community settings, recent outbreaks (e.g. Caerphilly) have largely been attributable to single UK
lineages increasing in frequency in the community.
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