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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern (VOCs)
now arise in the context of heterogeneous human connectivity and population immunity. Through
a large-scale phylodynamic analysis of 115,622 Omicron BA.1 genomes, we identified >6,000
introductions of the antigenically distinct VOC into England and analyzed their local transmission
and dispersal history. We find that six of the eight largest English Omicron lineages were already
transmitting when Omicron was first reported in southern Africa (22 November 2021). Multiple
datasets show that importation of Omicron continued despite subsequent restrictions on travel from
southern Africa as a result of export from well-connected secondary locations. Initiation and
dispersal of Omicron transmission lineages in England was a two-stage process that can be
explained by models of the country’s human geography and hierarchical travel network. Our results
enable a comparison of the processes that drive the invasion of Omicron and other VOCs across
multiple spatial scales.

S
ince the emergence of SARS-CoV-2 in
late 2019, multiple variants of concern
(VOCs) have sequentially dominated the
pandemic worldwide. The Omicron VOC
(Pango lineage B.1.1.529, later divided

into lineages including BA.1 and BA.2) was
discovered in late November 2021 through
genomic surveillance in Botswana and South
Africa and a traveler from South Africa in
Hong Kong (1); it was designated a VOC by the
World Health Organization on 26 November
(2). An initial surge in Omicron cases in South
Africa indicated a higher transmission rate than
previousVOCs (3), which studies later attributed
to a shorter serial interval, increased immune
evasion, and greater intrinsic transmissibility
(4–7). The mechanism for greater transmissibil-
ity is hypothesized to be altered tropism and
higher replication in the upper respiratory tract
(8, 9). Together with waning levels of popula-
tion immunity from previous infections and
vaccination (10), local transmission of Omicron
BA.1 was reported soon thereafter in travel hubs
worldwide, includingNewYorkCity andLondon
by early December 2021, despite travel restric-
tions on international flights from multiple
southern African countries (11, 12).
Following the first confirmed case ofOmicron

in England on 27 November 2021 (13), Omicron
prevalence increased rapidly across all regions
of England, with Greater London prevalence
peaking first inmid-December at ~6% followed
by the South East region (14). Other metropoli-

tan areas inNorthWest andNorthEastEngland
saw similar but delayed increases in prevalence
with observed peaks between early- and mid-
January 2022. By January 2022, Omicron inci-
dence had declined substantially in Greater
London and other southern regions resulting
in decreasing prevalence from north to south
England (15). Rapid growth in infections during
the initial emergence of Omicron in England
prompted the UK government to impose in-
terventions including a move to “Plan B” non-
pharmaceutical restrictions (mandatory COVID
pass for entry into certain venues, face coverings,
and work-from-home guidance) on 8 December
2021 (16), in addition to an accelerated program
of booster vaccination for all adults by mid-
December 2021 (17). SARS-CoV-2 prevalence in
England decreased later in January 2022, co-
incident with a falling proportion of BA.1 in-
fections as lineage BA.2 became the dominant
lineage; BA.2 was itself later replaced by line-
ages BA.4 and BA.5 (18–20).
Understanding and quantifying the relative

contributions of the factors that determined
the arrival and spatial disseminationofOmicron
BA.1 in England can help inform the design of
spatially targeted interventions against VOCs
(21). We analyzed the Omicron BA.1 wave in
England, using a dataset of 48,748 Omicron
BA.1 genomes from England. This dataset rep-
resents ~1% of all confirmed Omicron BA.1
cases in England during the study period and
is combined with aggregated and anonymized

human mobility and epidemiological data
from lower tier local authorities (LTLAs) in
England.

International importation and Omicron BA.1
lineage dynamics

To investigate the timing of virus importations
into England and the dynamics of the result-
ing local transmission lineages, we undertook
a large-scale phylodynamic analysis of 115,622
SARS-CoV-2Omicron genomes, sampled globa-
lly between 8 November 2021 and 31 January
2022. About 42% (n = 48,748) were sampled
from England and sequenced by the COVID-19
Genomics UK (COG-UK) consortium (22). All
available genomes [fromCOG-UKand theGlobal
Initiative on SharingAll InfluenzaData (GISAID)
(23) on 12 and9April 2022, respectively] sampled
before 28 November 2021 were included; later
genomes were subsampled randomly in propor-
tion to weekly Omicron case incidence while
maintaining a ~1:1 ratio between English and
non-English samples. To reduce potential bias
caused by heterogeneous sequencing cover-
age, we performed aweighted subsampling of
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the English genomes using a previously devel-
oped procedure that accounts for variation in
the number of sequences sampled per reported
case at the upper tier local authority (UTLA)
level (24) (supplementary materials).
We identified at least 6455 [95% highest pos-

terior density (HPD): 6184 to 6722] independent
importation events. Most imports from outside
of England [69.9% (95%HPD: 69.0 to 70.7)] led
to singletons (i.e., a single genome sampled in
England associatedwith an importation event,
which did not lead to observable local transmis-
sion in our dataset). The earliest importation is
estimatedbetween 5 and 18November [approxi-
mated as the midpoint between the inferred
times of the most recent common ancestor
(MRCA) of the transmission lineage and the par-
ent of the MRCA (PMRCA)]. Between the first
introduction and mid-December 2021, we recon-
struct an approximately exponential increase in
the daily number of imports, before a plateau in
early January 2022 (Fig. 1C). Daily importation
ratemayhave risenbetween22November (when
Omicron was first reported) and 25 November
(when travel restrictions started). Increased out-
flows of air passengers before (and possibly

in anticipation of) the imposition of travel re-
strictions have been reported for SARS-CoV-2
elsewhere (25, 26). The importation rate ap-
pears to re-accelerate early in December, de-
spite restrictions on incoming international
travel from 11 southern African countries; im-
ports then could have originated from BA.1
outbreaks in other countries in late November
and early December 2021.
To explore this hypothesis, we calculate the

estimated importation intensity (EII) of Omicron
BA.1 from countries with the highest air traffic
volumes to England, capturing 80%of incoming
passengers. For each source location, the EII
combines the weekly average COVID-19 test
positivity rate, weekly relative prevalence of
Omicron BA.1 genomes, and monthly number
of observed air passengers traveling to England
and thus represents a relative rate of importa-
tion (details and sensitivity analyses are avail-
able in supplementarymaterials; figs. S4 to S6).
Although the earliest imports were inferred
to have come mostly from South Africa, we ob-
serve a diversification in the inferred sources of
BA.1 imports by late November and early
December 2021 (Fig. 2A), during the period of

travel restrictions (mandatory hotel quaran-
tine) (27) on international travel from South
Africa.We conclude that the exponential growth
of BA.1 importations through mid-December is
in part due to introductions from countries
other than South Africa (Fig. 1B and Fig. 2), as
a result of their growing Omicron epidemics
and substantial air travel volumes to England
(fig. S4).When travel restrictions for 11 southern
African countries were first announced (Fig. 1A),
BA.1 genome sequences fromonly four countries
globally had been uploaded to GISAID (23).
We note that our work is not designed to quan-
titatively assess the impact of travel restrictions
on infection numbers in England.
To cross-validate the importation dynamics

inferred from viral genomes and EIIs using in-
dependent data, we collated the travel history
of inbound travelers who later tested positive
for BA.1 following their arrivals (data gener-
ated by the UK Health Security Agency; sup-
plementary materials). The early temporal
profile of importation from these data are con-
sistentwith that inferred fromboth the EIIs and
the phylodynamic analysis (until mid-December;
Fig. 2A), with the growth of the latter being
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Fig. 1. Dynamics of BA.1 transmission lineages in England. (A) Timeline of
events during the BA.1 wave in England until February 2022. (B) Histogram
of estimated daily number of BA.1 cases, colored according to the proportion of
cases attributable to transmission lineages imported at different times (shaded
region shows period of travel restrictions). Curves show the estimated daily
frequency of importation (7-day rolling average), colored according to the size of
resulting local transmission lineages; shading denotes the associated 95% HPD.
For each of the eight largest detected transmission lineages (A to H), the
estimated time of importation, TMRCA (inferred time of most recent common

ancestor) and TPMRCA (inferred time of parent of MRCA) (bottom left of the
panel). (C) Daily frequency of importation (7-day rolling average; black dots)
estimated from phylodynamic analysis, without stratification by size of resulting
local transmission lineage; error bars denote the associated 95% HPD. Solid
blue line represents an exponential model fitted to the observed 7-day rolling
average values. (D) Distribution of TPMRCAs and TMRCAs of all 6455 detected
introductions. Each horizontal line represents a single introduction event that led
to a transmission lineage or singleton; the left limit indicates the TPMRCA and
the right limit indicates the TMRCA (or genome sample date, for a singleton).
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slightly lagged (Fig. 2A). This observation is
consistent with previous studies and is likely
due to the time lag between international im-
portation and the first local transmission event
observable fromgenomic data (28). The relative
frequency of genomically identifiedBA.1 imports
among travelers from South Africa and Nigeria
declined inmid-December as importation from
other countries began to dominate, consistent
with the EII results. Observed imports from the
phylodynamic analysis also declined in January,

likely due to right censoring (the last genome
in our dataset was sampled on 31 January).
As with the emergence of previous VOCs in

England (28, 29), we find that transmission
lineage sizes are overdispersed (fig. S2), with
most sampled genomes belonging to a few large
transmission lineages. The eight largest lineages
(>700 genomes each) together comprise >60%
of the English genomes in our dataset (Fig. 1B).
We infer that six of these eight were imported
before restrictions on travel from southern

African countrieswere introduced (26November),
and three could have been introduced before
the first epidemiological signal of Omicron [a
change in S-gene target failure (SGTF), samples
identified by a private lab in South Africa on
15 November; Fig. 1B]. Although aggregation
of lineages as a result of unsampled genetic
diversity outside England could have resulted
in earlier importation estimates (30), this is un-
likely given the enrichment of early genomes
and consistency of the observed lineage size
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Fig. 2. Dynamics of Omicron BA.1 importation into England. (A) Solid curve
represents the aggregated EII for 27 countries with the highest air passenger
volumes to England between November 2021 and January 2022 (collectively
comprising ~80% of air passengers in this period). Colored bars show the weekly
number of inbound travelers who tested positive for BA.1 following arrival in the
UK, extracted from travel data compiled by the UKHSA; segments are colored
according to country of origin. Gray bars show the estimated daily number
of importation events from phylodynamic analyses. Inset shows a magnified view

of early trends. Shaded region indicates the period of travel restrictions on travel
from southern African countries. (B) Estimated weekly number of Omicron BA.1
cases arriving in England from 27 countries with the highest air passenger
volumes to England between November 2021 and January 2022 [same as those
in (A)]. Thick solid lines represent weekly EII from eight countries that contribute
substantially to overall EII at different times; thin gray lines represent other
countries. Inset shows a magnified view of early trends. Shaded region indicates
the period of travel restrictions.
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Fig. 3. Spatiotemporal dynamics of BA.1 transmission lineages in England.
(A and C) Continuous phylogeographic reconstruction of the dispersal history of
Transmission Lineage-A, the largest detected BA.1 transmission lineage. Nodes
are colored according to inferred date of occurrence and edge curvature
(anticlockwise) represents the direction of viral lineage movement. (A) shows the
progress of dissemination at three specific times whereas (C) shows the
complete construction. (B) Geographical distribution of the inflow and outflow of
viral lineages within Transmission Lineage-A, from 1 December to 25 December
2021. Blue colors indicate areas with high intensity of viral lineage outflow; red
colors indicate those with high intensity of inflow. Red circles indicate areas with
high densities of local viral movements (distances <15 km); circle radii are
proportional to that density. (D) Continuous phylogeographic reconstructions of

Transmission Lineages-C, E, and G [as per panel (C)] with corresponding
geographical distributions of viral lineage inflow and outflow [as per panel (B)].
Fig. S12 provides equivalent figures for Transmission Lineages-B, D, F, and H.
(E) Plots in each row show viral lineage movements across different spatial
scales [(top) <50 km; (middle) 50 to 300 km; (bottom) >300 km). (Left)
Histograms showing the daily frequency of viral lineage movements; colors
indicate whether the origin and/or destination of inferred lineage movements
occurred in Greater London. (Middle/Right) Solid black lines represent the daily
frequency of among-region viral lineage movements. Vertical bars indicate the
proportions of viral lineage movements (aggregated at 2-day intervals);
colors indicate origin/destination locations. Shaded gray areas indicate periods
when there were <9 inferred viral lineage movements per day.
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distribution with that from the simulation
(figs. S7 and S8). We observe a strong asso-
ciation between the size and time of import-
ation of local transmission lineages, withmost
large transmission lineages attributed to early
introductions (before mid-November) (Fig. 1B).
This pattern is recapitulated by a simplemath-
ematical model; if all lineages share the same
transmission characteristics, then the date of
importation is the main determinant of trans-
mission lineage size when the epidemic in the
recipient location is growing exponentially (sup-
plementary materials; figs. S7 and S8).
We estimate that ~400 transmission line-

ages (including the eight largest) resulted from
importation before the end of travel restric-
tions on 15 December (29 lineages were intro-
duced before 26 November). Although these
early imports account for only a small pro-

portion (~6%) of the estimated number of
introductions, they are responsible collectively
for ~80% of estimated BA.1 infections in
England by the end of January 2022.

Human mobility drives spatial expansion and
heterogeneity in Omicron BA.1 growth

The rapid increase in Omicron importation in
late 2021 led to the establishment of local
transmission chains, initially concentrated in
Greater London and neighboring LTLAs in the
SouthWest and East of England. This coincided
with early increases in BA.1 prevalence in those
regions, as observed from SGTF data and epi-
demiological prevalence surveys (15). To inves-
tigate further the spatiotemporal dynamics of
BA.1 in England,we reconstructed the dispersal
history of all identified transmission lineages
(with >4 genomes) using spatially explicit phy-

logeographic techniques. Genomic sample sizes
were highly representative of the estimated num-
ber of BA.1 cases at the UTLA level in England
(figs. S9 and S10).
We observe distinct stages in the spread of

BA.1 across England, with the eight largest
transmission lineages sharing broadly similar
patterns of spatial dispersal. Unlike other VOCs,
the first detected BA.1 transmission lineages are
more evenly distributed among regions, with
~20% inGreaterLondon,~15% in theSouthEast,
and 13% in the NorthWest (if only introductions
before December 2021 are considered, the val-
ue for Greater London is 27%). However, most
early cases outside Greater London resulted
in limited local spatial diffusion (Fig. 3 and
figs. S11 and S12).
Initial long-distance viral lineagemovements

from Greater London repeatedly arrived in
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Fig. 4. Predictors of BA.1 viral lineage movements in England. (A) Map at
LTLA level of model predictors included in the phylogeographic GLM analysis for
Transmission Lineage-A. (B) For each predictor, the box and whiskers show the
posterior distribution of the product of the log predictor coefficient and the
predictor inclusion probability; the left- and right-hand values show the estimates
for before and after 26 December, respectively. Top and bottom panels show
estimates for Transmission Lineage-A and -B, respectively. Posterior distributions
are colored according to predictor type: geographic distances (geo distance,
dark blue), population sizes at origin and destination (pop size ori/dest, black),

aggregated mobility matrix (mobility mat, purple), mobility-based community
membership level 1 and level 2 (comm overlap l1 and l2, purple), Greater London
origin and destination (gr LDN ori/dest, red), time of peak incidence at origin
and destination (peak time ori/dest, orange), the residual of a regression of
sample size against case count regression at origin or destination (sample res
ori/dest, yellow). Boxes at the bottom of each panel are numbered and shaded
to show the ranking of predictors based on their deviance measure (materials
and methods), with 1 indicating the largest deviance (most important predictor)
and 12 indicating the smallest (least important predictor).
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multiple urban [as classified in (30)] conur-
bations in early andmid-December 2021, but
local transmission was not established imme-
diately. The fraction of viral lineage move-
ments that were local (within-city) remained
between 25 and 50% from December 2021 to
January 2022 in all areas except Greater London
(~90%) and Greater Manchester (~60%). This
fraction grew when local mobility levels re-
covered after theholiday period (31–34), coincid-
ing with the establishment of local transmission
acrossmost LTLAs in England (fig. S11). Further,
cities other thanGreaterLondonactedprimarily
as sinks throughout the BA.1 wave, with limited
backflow of long-distance viral lineages from
North West England to Greater London (e.g.,
Transmission Lineage-A and -B; similar dynam-
ics are seenalso for SouthWestEngland; Fig. 3E).
We define locations as either sinks or sources
according to whether there was a net flow of
viral lineages into or out of the location, res-
pectively, over the study period.
Even after the establishment of local trans-

mission inmost English LTLAs, Greater London
continued to be a source of mid-to-long range
viral lineage movements (Fig. 3E). This is ex-
pected given Greater London’s role as a major
hub in England’s mobility network (similar
trends were observed for the Alpha wave in
2020) (26). The importance of Greater London
as a source of short range (<50 km) lineage
movements declined through time (Fig. 3E,
top left) and we observe a secondary peak in
the frequency of mid-to-long rangemovements
(>50 km) driven predominantly by lineages
emanating from the Midlands and southern
England (Fig. 3E, middle and right). These ob-
servations are consistent with epidemiological
data showing thatmost areas outside of southern
England experienced a BA.1 incidence peak
only in the last week of December 2021 or the
first week of January 2022 (fig. S13).
To assess the contribution of demographic,

epidemiological, and mobility-related factors
to the dissemination of BA.1 in England, we
used a phylogeographic generalized linearmodel
(GLM) to test the association of those factorswith
viral lineage movements among LTLAs, during
two distinct periods (before 26 December 2021,
and between 26December 2021 and 31 January
2022; supplementary materials) (32, 33, 35).
Using this time-inhomogeneous model we find
evidence for a dynamic spatial transmission
process, with the estimated effect size and
relative importance of most predictors varying
over time (Fig. 4B; ranking of predictors based
on their deviancemeasure are shown in boxes).
During the earlier “expansion” period of lineage
dissemination, we observe strong support for
the gravitymodel predictors (a spatial interaction
model in which travel intensity between pairs of
locations increases with origin and destination
population sizes but decreases with distance).
Consistent with results from continuous phylo-

geography (Fig. 3), this early period is charac-
terized by directional viral dissemination; lineage
movements tend to originate from Greater
London (Fig. 4B) and this is particularly pro-
nounced for smaller transmission lineages
(Fig. 3 and fig. S12). For LTLAs with earlier
times of peak incidence, we also find greater
outflow of virus lineages during the expansion
period (in three of four analyses) and a lower
inflow of viral lineages during the post-expansion
period (in four of four analyses; Fig. 4 and fig.
S14). These results reflect the network-driven
nature of Omicron’s geographic spread, with
variation in the timing of peak incidence
reflecting varying degrees of connection to lo-
cations where frequent importation seeded
early transmission chains (36).
The human mobility predictor is supported

consistently only in the post-expansion phase
(Fig. 4B), after local transmission has been es-
tablished inmost LTLAs. This reflects a transi-
tion fromunidirectional long-distancemovements
to more homogeneous local dissemination. Con-
versely, support for the gravity model predic-
tors decreased over time (Fig. 4B), consistent
with the notion that the gravity model better
predicts city-to-city movement and poorly de-
scribes diffusion-like mobility over short distances
in urban areas (37). Importantly, the phylogeo-
graphic GLM results are consistent among the
transmission lineages analyzed (Fig. 4B), and
when a simpler time-homogenous model is
used (fig. S15). These findings corroborate our
continuous phylogeography analyses (Fig. 3)
and epidemiological studies showing strong
local spatial structure of the BA.1 wave (14, 15).
Wealso exploredwhether booster vaccineuptake
(per capita at the LTLA level) is supported as a
predictor under a time-inhomogeneous model,
but found no significant support (supplemen-
tary materials), possibly a result of collinearity
of this factor with other predictors or limited
spatial heterogeneity in vaccine uptake.

Discussion

We find thatmost infections during theOmicron
BA.1 wave in England can be traced back to a
small number of introductions, which likely
arrived before or during travel restrictions on
incoming passengers from southern Africa.
Although the rate of importation continued
to increase after mid-December (Fig. 1C), the
largest English transmission lineages tended
to be those introduced earlier (Fig. 1D). These
results augment previous investigations of VOCs
in England and elsewhere (28, 38), highlighting
that international travel restrictions can have
limited impacts if applied after local exponen-
tial growth is established and in the absence of
local control measures. Our analyses indicate
that epidemics of BA.1 in multiple locations
outside the countrywhere BA.1was first detected
contributed substantially to the growth of BA.1
importation into England in December 2021

(39). The impact of targeted travel restrictions
may thus be constrained by the existence of
multiple pathways betweenany twocountries in
the global aviation network, and such pathways
often traverse highly connected locations with
large travel volumes that can act as secondary
sources of early importation (36). UK travel
restrictionswere intended to delay the expansion
of BA.1 locally while offering additional vacci-
nations to at-risk individuals.However,Omicron
had likely already spread internationally by the
time it was detected in late November 2021,
allowing the establishment of secondary loca-
tions of exportation (39, 40). Therefore, any
proposed global systems that aim to rapidly
detect and respond to newVOCs (and emerging
infectious diseases in general) should be de-
signed around the connection structure of
human mobility networks. Despite this, there
are likely to be scenarios under which travel
restrictions can help control, contain, or delay
the spread of emerging infections (41, 42); con-
siderable additional theoretical and empirical
work is needed to improve and inform rapid
decision-making regarding travel during public
health emergencies.
Our two phylogeographic analyses (Figs. 3

and 4) jointly show how Omicron BA.1 dissemi-
nated rapidly across England, with Greater
London central to its initial dissemination.
Early viralmovements outsideofGreaterLondon
were dominated by medium-to-long-distance
travel from there; local transmission in reci-
pient locations was observed later, coinciding
with an increase in human mobility after the
winter holidays (fig. S18). The epidemic is re-
vealed to be a network-driven phenomenon
with an initial expansion phase that is well
described by a gravity model, followed by a
period of sustained local transmission propa-
gated by short-distance movement (36).
With this study, we can now compare the

transmission histories of three VOC waves in
England [Alpha (26), Delta (29), andOmicron]
and contrast factors that influenced their dis-
persals. First, Omicron and Delta were intro-
duced through international importation,whereas
Alpha appeared to have originated in England
(43). For both Omicron and Delta, early intro-
ductions from their presumed location of ori-
gin were followed by growth in importation
intensity from secondary locations. While early
Delta transmission clusters were observed
mainly in NorthWest England, early Omicron
infections were found mostly in Greater
London (15, 18). Second, different NPIs and
restrictions on within-country travel were im-
plemented during the VOC waves. Although
Delta arrived when NPIs in England were
being relaxed, its initial spread was delayed
because of lower mobility levels following a
national lockdown (29). By contrast, Omicron
was introduced when mobility had largely
recovered to prepandemic levels (fig. S18).
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Alpha was observed to rapidly expand from
its proposed origin in southeast England—
likely attributable in part to holiday travels
(26)—and was subsequently brought under
control when local mobility decreased after
the introduction of NPIs (26). Third, the dissem-
ination of each VOC is likely to be differen-
tially affected by spatial variation in population
immunity. Such variation was likely limited
during Delta’s emergence as a result of high
population levels of vaccination and previous
infection and also duringOmicron’s emergence
due to the antigenic novelty of BA.1 (9, 44, 45).
By contrast, initial growth rates of Alpha in
England were found to be affected by local
variation in previous attack rates (26). These
findings highlight two key questions for future
work: how do spatiotemporal interactions be-
tween importation and local transmission
shape the spread of a VOC, and how can we
efficiently evaluate the interplay of factors that
drive the dissemination of new VOCs within a
country?
We interpret our phylodynamic results in

the context of several limitations. First, as dis-
cussed previously (28), the inferred number of
importation events underestimates the true
number of independent introductions due to
incomplete sampling and uneven sequencing
coverage worldwide (46). Nevertheless, we were
able to cross-validate our phylodynamic results
using independent epidemiological data (figs.
S7 and S8). Second, to maintain computational
tractability and remove potential sampling bias,
we subsampled all available English Omicron
genomes, accounting for geographical variations
in sequencing coverage and prevalence. How-
ever, even after this subsampling, the spatial
and temporal sampling was not perfectly rep-
resentational (Fig. 4A and fig. S9). This could
be due to spatial variation in case reporting
rate or because themaximumsequencing capa-
city was exceeded in locations with high inci-
dence. Third, our phylogeographic GLManalysis,
which explores the association of factors with
virus lineagemovement, should be interpreted
in light of potential biases in themobility data.
For example, mobility in sparsely populated
locations may be poorly captured as a result of
censoring to protect user anonymity, and the
degree to which smartphone data are repre-
sentative of the whole population is affected
by variation in smartphone use among locations.
Work is ongoing to assess how human mobility
data can be best applied to the prediction and
description of infectious disease invasion dyna-
mics (47, 48).
Omicron BA.1 was replaced by lineage BA.2

in February 2022 and later by lineage BA.5 in
June 2022 (18, 19). Although the public health
emergency of international concern has ended
(49) and the public health burden of COVID-19
has lessened as a result of reduced average
disease severity and increased population immu-

nity, the continued antigenic evolution of SARS-
CoV-2 means that future VOCs of unknown
virulence remain possible. One priority in pre-
paring for the next VOC or novel pathogen emer-
gence is to develop and implement robust
pipelines for large-scale genomic and epidemi-
ological analyses supported by unified data in-
frastructures (50, 51) a challenging task that
will be realized only through close coordina-
tion of public health efforts worldwide.
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Editor’s summary
The severe acute respiratory syndrome coronavirus 2 pandemic changed character with the emergence of the
Omicron lineage in South Africa in 2021. This lineage showed elevated transmissibility and increased immune
evasion. Tsui et al. traced the history of the introduction of this variant in the United Kingdom, where exceptionally
comprehensive genetic sampling regimes were established. The authors found that the virus had been introduced
undetected into England between 5 and 18 November 2021, and South African scientists alerted the World Health
Organization on 22 November 2021. However, by the time the UK government had responded, the variant had already
spread between UK cities and globally. Therefore, the subsequent travel restrictions placed on southern Africa were
futile. —Caroline Ash
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