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Abstract

We describe the management of two linked severe acute respiratory coronavirus 2
(SARS-CoV-2) outbreaks, predominantly amongst 18–35-year-olds, in a UK county in
July-to-September 2021, following the lifting of national coronavirus disease 2019 (COVID-
19)-associated social restrictions. One was associated with a nightclub and one with five air
force bases. On week beginning 2nd August 2021, air force contact tracing teams detected
68 cases across five bases within one county; 21 (30.9%) were associated with a night-time
economy venue, 13 (19.1%) with night-time economy venues in the county’s main town
and at least one case per base (n = 6, 8.8%) with a particular nightclub in this town, which
itself had been associated with 302 cases in the previous week (coinciding with its reopening
following a national lockdown). In response, Public Health England/United Kingdom Health
Security Agency, air force and local authority teams collaboratively implemented communi-
cation strategies and enhanced access to SARS-CoV-2 testing and vaccination. Key challenges
included attempting to encourage behaviours that reduce likelihood of transmission to a
population who may have considered themselves at low risk from severe COVID-19. This
report may inform future preparation for, and management of, easing of potential future pan-
demic-related social restrictions, and how an outbreak in this context may be addressed.

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory coronavirus 2
(SARS-CoV-2) [1], has been associated with over 660 million cases and 6.7 million deaths
between its discovery in December 2019 [2] and 16th January 2023 [3]. Transmission is
through respiratory droplets or aerosols that are inhaled or absorbed through mucous mem-
branes [4]. Infection can be asymptomatic or can lead to: mild illness commonly involving
cough, fever and anosmia; pneumonia; critical complications such as acute respiratory distress
syndrome, thrombosis and sepsis or can be fatal [5]. Effective SARS-CoV-2 vaccinations have
been developed [6, 7], but they do not confer absolute protection and the pathogen has the
potential to evolve into vaccine-resistant variants [8]. Evidence relating to alternative forms
of infection prevention and control (IPC), therefore, may be pertinent to the management
of future potential SARS-CoV-2 outbreaks.

Non-pharmaceutical COVID-19 interventions may include social restrictions; isolation of
cases and contacts; enhanced cleaning; use of personal protective equipment (PPE) and
enhanced testing to increase case finding, including mass testing for asymptomatic individuals
[5, 9–12]. The effectiveness of a preventative intervention may be highly dependent on
regional SARS-CoV-2 community incidence and prevalence, and on characteristics of the
recipient population [9, 13]. For example, an individual’s age may be a strong predictor for
whether they adhere to social restriction guidance: for adults in the UK, compliance with
national lockdown rules appears to have been considerably lower for those aged 25–34
years than for older age groups [14]. Appropriately tailoring COVID-19 prevention interven-
tions to have maximum impact upon a target population may increase the likelihood of their
effectiveness, but there is a paucity of evidence relating to this [12].

SARS-CoV-2 transmission risk is highest in confined and unventilated spaces, where there
is close contact with others, and in crowded places [4] and accordingly, nightclubs are a
context in which infection rates can be particularly high [15, 16]. This was reflected in UK
public health policy with nightclubs being required to close at the start of the first national
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COVID-19 lockdown on 26th March 2020, and only reopening
when all national COVID-19 social restrictions were lifted on
19th July 2021 [17–19].

Previous large COVID-19 outbreaks amongst populations res-
iding in semi-closed institutions have been linked to clusters of
local night-time economy venues [20]. Here we describe our
experiences of addressing two connected outbreaks that took
place in July–September 2021: one associated with five air force
bases, and one associated with a nightclub that had recently reo-
pened. The affected population predominantly consisted of adults
aged 18–35 years, whose age range indicated them unlikely to be at
significant personal risk from the disease [21, 22], but also to be
less likely than older groups to have received two SARS-CoV-2 vac-
cinations [23]. The high number of cases associated with these set-
tings meant there was a risk of occurrence of an outbreak occurring
in the wider community affecting more vulnerable individuals.

The final easing of all restrictions associated with the UK’s
third national lockdown, including the reopening of nightclubs,
took place on 19th July 2021 [17–19]. Overall UK SARS-CoV-2
COVID-19 case rates saw a decline during the latter half of July
2021; possibly due to a combination of warm weather causing
less indoor socialising, increased COVID-19 app self-isolation
alerts, decreased testing (e.g. due to some schools closing for sum-
mer holidays) or a relative decrease in incidence following a peak
associated with the Euro 2020 football tournament (delayed until
2021 due to the COVID-19 pandemic) [24]. Infection rates in the
UK county where the outbreaks described, however, increased in
late July 2021, particularly amongst adults aged under 30 years
[25]. Although there are reports of COVID-19 outbreaks following
the reopening of schools [26], and studies of area-level incidence
during the reopening of businesses and social venues [27], we
are not aware of any published reports of outbreaks occurring dir-
ectly after widespread reopening of businesses or social venues.

Objectives

The primary objectives of describing these outbreaks and the
responses are to inform future decisions on how to manage easing
of potential future social restrictions associated with communic-
able disease epidemics (by illustrating possible unintended conse-
quences of easing restrictions suddenly) and how an outbreak in
such a context may be addressed. A secondary objective is to
describe a multicomponent outbreak management approach
that was adopted for a population for whom many were likely
to perceive their personal risk from the disease to be low.

Outbreak detection

PHE/UKHSA (Public Health England Health Protection, which
transitioned into United Kingdom Health Security Agency in
October 2021) noted a 60% increase in SARS-CoV-2 reported
cases, from 158 to 253, over 2 days in two local government districts
of a UK county – that of the county’s main town and the district
bordering this town to the south – on 30 July 2021. Most cases
were aged 20–29 years, and many were associated with a particular
nightclub in the main town. Notifications from regional surveillance
on 31st July indicated 144 cases to have been associated with this
nightclub since 19th July. This report also indicated a recent
increase in case rates associated with five air force bases, also located
in the county, which had been associated with 205 cases over the
previous 28 days (see Table 1 for the distances between each base
and the nightclub in the county main town; base 2, base 3 and

base 5 were located in the above-mentioned district to the south
of the main town). Reports from air force contact tracing teams
indicated some of these cases to be linked to the nightclub.

Methods

Study design

A rapid outbreak investigation using a retrospective observational
design, with descriptive epidemiological analyses.

Epidemiological investigation

Case definition
COVID-19 symptomatic and asymptomatic individuals in the UK
county where the outbreaks took place who received a positive
SARS-CoV-2 polymerase chain reaction (PCR) test result between
19th July and 12th September 2021 following an exposure in the
UK county at the nightclub or one of the five air force bases.

Data collection
PHE/UKHSA regional surveillance, from enhanced contact tra-
cing information gathered from those who received a positive
PCR result, is described. No individually identifiable information
is provided. UKHSA/PHE contact tracing and test data were
used to generate ‘common exposure reports’ which identified
individuals who had been at one of the five air force bases, or
the nightclub under investigation, who had received a positive
PCR result. We included both those who might have transmitted
SARS-CoV-2 to others, and those who could have been infected
with SARS-CoV-2 at the sites. The assumed infectious period
was between 2 days prior, and 10 days post, the earliest of the
symptom onset date and the first-positive test date (or the first-
positive test date if symptom onset data were not available); and
the assumed incubation period was between 7 and 3 days prior
to this date. The information in this dataset comprises informa-
tion entered by the affected individual tested on the test request
form, with supplementary information having been added by
contact tracers who phoned the individual. In addition, after
the increase in air force base cases was noted at the end of July,
we received weekly updates from air force contact tracing teams
on the number of new cases that contact tracing teams at the
bases had detected and the category of night-time economy expo-
sures. The three categories were (a) at least one night-time econ-
omy venue (a pub, bar or nightclub), outside, but not within, the
county’s main town; (b) at least one night-time economy venue in
the county’s main town, but not the nightclub or (c) the nightclub
(which is in the county’s main town), with or without visits to
other night-time economy venues.

Results

Regional context

The number of new SARS-CoV-2 cases per day (7-day rolling
average) in the local county was 341 (0.197% per unit population)
on 19th July 2021, rose to a peak of 402 (0.233%) on 5th August,
then gradually reduced to 298 (0.173%) on 12th September [25].

Nightclub outbreak

Cases associated with the nightclub with test dates between 19th
July and 12th September numbered 515, with 302 being on
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week ending 1st August (see Table 2 and Fig. 1). Of these cases,
432 (84.5%) were under the age of 25 years and 362 reported a
home postcode in the local county, of which 128 were in the
county’s main town. Fifteen reported working at one of the
five air force bases. The date associated with the highest number
of exposures by far were Saturday, 24th July, which was asso-
ciated with 107 exposures, representing 30.7% of those asso-
ciated with the nightclub (the second highest was 36 (10.7%)
on Friday, 23rd July).

Air force bases outbreak

UKHSA data identified 214 cases with a test date between 19th
July and 12th September who were living, working or had visited
at least one of the five air force bases in the county (two reported
to have visited two bases). See Table 2 for the age and gender dis-
tribution of cases. Air force contact tracing teams identified 207
cases with test date between 2nd August and 16th September;
over this time, 47 (22.7%) were associated with a night-time econ-
omy venue, 24 (11.6%) with a night-time economy venue in the
county’s main town and 12 (5.8%) with a particular nightclub
in this town (air force contact tracing data are summarised in
Supplementary materials S1–S3).

The number of cases per week associated with the air force
bases peaked on week ending 1st August – the same week as
that in which the peak in case reports associated with the night-
club occurred. Between 2nd August and 12th September, the
number of weekly cases reduced across all five bases and the pro-
portion of cases associated with the night-time economy reduced
(see Figs 1 and 2 and Supplementary materials S1–S3). Exposure
dates for the bases were more evenly distributed than those of the
nightclub; the date associated with the highest number of expo-
sures was 27th July (11 (7.9%)).

Cases associated with an air force base and the nightclub

Fifteen cases were identified as being associated with both an air
force base and the nightclub. Dates of symptom onset, test date
and activity date indicated that 12 may have contracted
COVID-19 at the nightclub (and were unlikely to have been
infectious when they visited), while the remaining three may
have contracted COVID-19 prior to the nightclub visit and
may have been infectious during their visit. Two thirds (10) of
these cases had a test date between 26th July and 1st August
(see Table 2), and three may have contracted COVID-19 on
24th July – the date associated with the highest number of expo-
sures at the nightclub.

Outbreak control measures

Nightclub outbreak
Between 30th July and 3rd August 2021, local authority health
protection team members conducted risk assessments with, and
visits to, the affected nightclub and reviewed workplace processes.
This led to the nightclub organising daily IPC briefings to staff;
enhanced touchpoint cleaning and greater compliance with face
mask guidance. The nightclub reportedly had relatively low ven-
tilation; a capacity of 1800; was particularly busy during the week-
end following its reopening and often had numerous attendees
from outside the city (much of the county is semi-rural, and
many travel to attend night-time economy venues in the main
town).

On 3rd August, an outbreak control team (OCT) meeting, led
by the local authority, with support from PHE/UKHSA, was
held. As of 1st August 2021, the proportion of the population of
the county’s main town who had received two SARS-CoV-2 vacci-
nations (51.4%) was lower than that of the average for the county
(65.5%) and the UK (66.8%) [25] (see Fig. 3). Agreed outbreak
management measures, therefore, included plans to improve access
to testing and vaccination, especially for adults aged 18–35 who
represented the majority of outbreak-associated cases. This involved
arranging for an agile testing unit to be based near city areas asso-
ciated with the highest number of COVID-19 cases, a pop-up vac-
cination hub to be placed alongside this testing unit, and city
customer-facing businesses (especially those visited by young
adults) to provide lateral flow tests to customers.

Plans were also made to work with environmental health
teams to assess COVID-19 IPC practices at night-time economy
businesses and provide related advice. A health promotion strat-
egy was developed, which involved collaboration with city night-
time economy businesses to enhance promotion and provision of
SARS-CoV-2 tests and vaccinations, and an outreach team
engaging with the local 18–30-year-old population, providing
them with test kits and signposting them to vaccination centres.

The local authority also developed a communications cam-
paign aiming to encourage adults younger than 30 years who
attend night-time economy venues to adopt behaviours that
reduce the risk of SARS-CoV-2 transmission. This campaign
involved creation and dissemination of health promotion images
for posters, postcards and social media posts advising that while
socialising, making space and avoiding crowds helps to reduce
risk of transmission, as does regular testing. These recommenda-
tions were also promoted at interviews with local radio stations,
by the nightclub in their promotional materials, by taxi firms
(via text message to people booking evening taxi journeys) and
to schools ahead of anticipated exam results celebrations.

Table 1. Population, case numbers and distance from the nightclub of air force bases in the county

Name of base

Total number of personnel
and civilians that may be

present on base at one time

Cases between 2nd August
and 12th September (air force

contact tracing data)

Proportion of
total (attack
rate) (%)

Direct distance (‘as the crow
flies’ from nightclub

(kilometres)

Air Force Base 1 Between 2500 and 4000 53 1.3–2.1 28.7

Air Force Base 2 Around 2000 33 1.7 21.8

Air Force Base 3 Between 300 and 500 37 7.4–12.3 16.5

Air Force Base 4 Around 600 16 2.7 7.8

Air Force Base 5 Around 2000 68 3.4 6.5
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Air force bases outbreak
An OCT meeting on 5th August 2021 was led by PHE/UKHSA
and supported by the air force, local authority and national part-
ners including Department of Health and Social Care and NHS
England and Improvement. Potential transmission pathways for
the cases and risks of ongoing transmission were identified. In
addition to the night-time economy, these included staff working
across multiple bases and the bases consisting of both people who
lived there and people who lived elsewhere and commuted daily.

Plans were made to improve access to testing for all employees
and residents at the air force bases, including non-service person-
nel. Agreed actions also included cascading of communications
promoting vaccination and recommending an 8-week, rather
than 12-week, gap between first- and second-vaccination doses
as per recently updated UK policy [28]. Air force, local authority
partners and PHE/UKHSA collaboratively produced and circu-
lated messages emphasising the importance taking personal
responsibility to reduce risk of SARS-CoV-2 transmission and to
increase testing and vaccination uptake. Materials from the above-
described communication campaign developed by the local
authority were also disseminated within the bases. The multi-
agency response team continued to collaborate and Figure 1 sum-
marises subsequent relevant OCT meetings. On 19th October
2021, it was noted that case rates had been decreasing for several
weeks, with no evidence of any substantial increase in case num-
bers at any of the bases in the past 28 days.

Vaccination uptake
There was a considerable increase in vaccination uptake amongst
young adults, especially those aged 18–24, between 5th August
and 12th September (see Fig. 3) in the county and the county’s
main town. For age categories between 18 and 34 years, second
dose uptake increased by 21.2% across England (to 46.3%), com-
pared to 27.3% in the county (to 53.2%) and 27.4% in the county’s
main town (to 47.3%).

Discussion

We describe two linked COVID-19 outbreaks that occurred in a
UK county in in July-to-September 2021: the first was asso-
ciated with a nightclub and the second was associated with
five air force bases. Both outbreaks predominantly affected
18–35-year-olds. The outbreaks occurred in the weeks follow-
ing the final restrictions being lifted after the UK’s third
national lockdown during the COVID-19 pandemic. The
affected population – young adults – represented a group at
relatively low risk of developing severe SARS-CoV-2 infection
complications [21, 22], and therefore they were also less likely
than older adults to have received COVID-19 vaccinations
due to older age groups being prioritised for vaccination [23].
It was noted that the nightclub, situated in the county’s main
town, was particularly busy on the weekend following restric-
tions being lifted, and many had travelled from outside of the
town to attend, which may have increased the risk of high
transmission rates. Our analysis of the timing of exposures sug-
gests that the outbreak at the nightclub and those at the bases
were likely to have propagated one another to an extent, but
that the nightclub outbreak likely led to a greater increase in
cases at the bases than vice versa. Base 3 had by far the highest
attack rate of the five bases. We cannot be certain of the reasons
for this, but of bases with a median case age under 30 years, it
was the closest geographically to the nightclub. It might,Ta
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therefore, have been associated with relatively high levels of
nightclub attendance, leading to increased COVID-19 inci-
dence amongst a group who were young and hence relatively
unlikely to be fully vaccinated [25].

As of July–August 2021, the B.1.617.2 (‘Delta’) variant was
dominant in the UK [29]. Although all mandated social restric-
tions had eased on 19th July, there remained a legal requirement
to self-isolate for those who tested positive for COVID-19 for 10

Fig. 1. Epidemic curves of nightclub and air force bases and timeline of events.
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days following onset of symptoms or, if asymptomatic, from the
date of the positive test result [30]. Asymptomatic contacts of
cases were also legally required to isolate for 10 days from the
time of contact with the case [30]. At this time, while most of
the general UK population had received two SARS-CoV-2 vaccin-
ation doses, over a third of adults under the age of 35 years were
yet to receive a single dose [25] (see Fig. 3). Therefore, public
health measures that were adopted to control the outbreak
focused on health promotion (specifically of vaccination, testing
and avoiding close contact and crowds where possible); working
with organisations to ensure safe practices; and improving com-
munity access to testing and vaccination. Many attendees of the
club resided in the county’s main town, which was noted to
have a relatively low vaccination uptake; this was likely to be
largely due to its consisting of high numbers of young adults

[31] who were less likely to be in high-priority vaccination groups
[23]. Although this population represented a group with few at
high risk of severe disease [21, 22], the low vaccination uptake
meant that an outbreak was more likely to occur [32].

On 19th July 2021, it became legal to attend nightclubs in the
UK [17–19] and our communication strategies needed to consider
that the main target population (young adults) were: not acting
illegally; not necessarily at high personal risk from serious
COVID-19 illness and may have felt they had already made con-
siderable personal sacrifices for others during the previous 16
months of the pandemic [17]. The communication campaign
accordingly focused on personal responsibility (the message con-
veyed stated that ‘COVID-19 is still here’) but rather than dis-
suade the messages’ target audience from going out at all, made
the less demanding request to ‘Make space. Avoid crowds. Keep

Fig. 2. Epidemic curves of the air force bases overall, and each base individually.
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testing’. The target audience may have also been more likely to be
motivated to comply with this than a demand to desist socialising
altogether [33, 34]. Previous evidence has suggested that people
may become more motived to perform behaviours that reduce

transmission risk when reminded of the responsibility to protect
others who are more vulnerable [35].

The multiagency collaboration within our outbreak response
team enabled a coordinated and efficient delivery of multiple

Fig. 3. Vaccination uptake (cumulative) in UK, England, the county in which the outbreaks took place, and the county’s main town.
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interventions. When it became apparent that the two outbreaks
were linked and affected similar population demographics, this
indicated potential appropriateness of the targeted communica-
tions campaign that had been developed by the local authority
for use at air force bases. Collaborative surveillance and monitor-
ing of contact tracing data between PHE/UKHSA and the air
force was helpful in ensuring validity of incidence and exposure,
which was useful for monitoring the ongoing situation. The pres-
ence of multiple agencies at OCT meetings facilitated the sharing
of intelligence, preventative strategy components and the coordin-
ation of actions for respective organisations.

Study limitations include that we do not have complete infor-
mation on the number of people exposed during the described
outbreaks. Furthermore, due to the high levels COVID-19 inci-
dence in the region at the time of data collection, some of the
cases presented here as being associated with the air force bases,
the nightclub or both may have contracted COVID-19 due to
an alternative exposure. We believe, however, that the propagation
patterns displayed by the outbreak epi-curves suggest that a con-
siderable proportion of the cases presented resulted from trans-
mission at these settings. On inspection of national contact
tracing and cases data, some case variables were missing or con-
tained errors; such errors in the wider dataset may have prevented
some relevant cases from coming to our attention. A further limi-
tation is that some of the outbreak interventions may have had
beneficial effects that lasted beyond the present outbreaks that
are not described here. Also, as our intervention involved the sim-
ultaneous implementation of multiple components, we are unable
to provide evidence of which of the components was the most
effective. It may also be possible that effectiveness was due to
there being a particular combination of components, and indeed,
‘packages’ of intervention are often found to be particularly effect-
ive forms of COVID-19 prevention [9]. There is some indication,
however, to suggest that efforts to promote vaccination uptake
amongst young adults may have been particularly effective, as
this increased considerably during our investigation, by a greater
proportion than the national average, especially for 18–
24-year-olds (see Fig. 3).

Previous research has indicated military bases as an example of
a congregate setting where there is risk of large COVID-19 out-
breaks occurring [36]. Our findings are consistent with evidence
of the potential effectiveness of non-pharmaceutical outbreak–
control interventions within [37] and outside such settings,
including social restriction, testing, contact tracing, isolation, vac-
cination, hygiene and cleaning, PPE [9, 10, 12] and communicat-
ing advice relating to these strategies [35, 38]. Effective
communications may involve population-wide health promotion
using materials such as posters or online materials [35], or work-
based risk assessments and advice [38]. Strategies such as out-
reach teams [39] or patient and public involvement [40] may
have improved engagement with local populations and have led
to a greater impact of outbreak-related messaging.

Conclusions

To our knowledge, this is the first report to describe an outbreak
affecting a business or social venue in the context of the easing of
nationally mandated communicable disease-related social restric-
tions. It illustrates the potential for large outbreaks to occur in this
context and highlights the importance of considering the risks
associated with widespread reopening of social venues, especially
when these may attract well attended celebrations. In the potential

event of the easing of future lockdown restrictions, we recom-
mend that policymakers consider how increases in large social
gathering events may lead to high rates of transmission, and
how the risk of associated outbreaks occurring could be mitigated.
For example, rather than having a particular time when all large
night-time economy venues can simultaneously legally open at
full capacity, the reopening of such venues could be staggered,
or venue capacity restrictions could be initially mandated, then
incrementally eased. If this had been done at the time of the pre-
sent outbreaks, particularly on the weekend following nightclubs
reopening, then case numbers would likely have been far lower.

We believe our report is also novel in illustrating an example of
how large outbreaks in the context of the easing of social restric-
tions may be addressed. The outbreaks described here primarily
affected those likely to initially return to social venues following
their reopening: young adults [27], who were likely at low per-
sonal risk from severe infection [21, 22]. This population may
have been less motivated, compared to a more vulnerable popula-
tion, to change their behaviours to reduce transmission or infec-
tion risk. It was important, however, to control the outbreak to
lower the risk to the population, especially those more vulnerable
to severe COVID-19. A multiagency outbreak control response
was implemented, which involved enhancing access to testing
and vaccination; increasing engagement with local workplaces
and the public and delivering a communications campaign
to encourage behaviours that reduce disease transmission.
Following this multicomponent intervention package there was
a substantial reduction in COVID-19 cases, and an increase in
vaccination rates amongst young adults.

In future similar situations in which social restrictions are
eased, it may be beneficial for public health teams to anticipate
there being an increased risk of significant outbreaks and to
implement measures to reduce this risk. Such measures could
include working with businesses due to reopen to provide IPC
advice and delivering communications campaigns that inform
members of the public (especially those who may be unvaccinated
or more likely to attend social venues) of behaviours they can
adopt that reduce chances of disease transmission.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268823000134
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