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Abstract

Background: Outbreak control measures during COVID-19 outbreaks in a large UK prison consisted of standard (e.g,,
self-isolation) and novel measures, including establishment of: (i) reverse cohorting units for accommodating new
prison admissions; (i) protective isolation unit for isolating symptomatic prisoners, and (i) a shielding unit to protect
medically vulnerable prisoners.

Methods: Single-centre prospective longitudinal study (outbreak control study), implementing novel and traditional
outbreak control measures to prevent a SARS-COV-2 outbreak. The prison held 977 prisoners and employed 910 staff
at that start of the outbreak.

Results: 120 probable and 25 confirmed cases among prisoners and staff were recorded between March and June
2020 during the first outbreak. Over 50% of initial cases among prisoners were on the two wings associated with the
index case.

During the second outbreak, 182 confirmed cases were recorded after probable reintroduction from a staff member.
Widespread testing identified 145 asymptomatic prisoners, 16.9% of the total prisoner cases. The cohorting units
prevented re-infection from new prison admissions and the shielding unit had no COVID-19 infections linked to either
outbreak.

Conclusions: Identifying and isolating infected prisoners, cohorting new admissions and shielding vulnerable
individuals helped prevent uncontrollable spread of SARS-COV-2. These novel and cost-effective approaches can be
implemented in correctional facilities globally.

Background deaths [1]. The focus of interest over this time has been

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was declared a public health emergency by the
World Health Organisation (WHO) on 31st January
2020. After 1 year, SARS-CoV-2 had infected more than
100 million people globally, resulting in over 2 million
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the impact of COVID-19 outbreaks in healthcare, edu-
cational and community settings [2, 3], however, the
propensity for explosive COVID-19 outbreaks is of par-
ticular concern within prisons and places of detention [4,
5].

Globally, prison populations are at increased risk of
respiratory (e.g., COVID-19 and influenza) and non-
respiratory (e.g., tuberculosis, hepatitis C and invasive
group A streptococcal disease) outbreaks due to a com-
bination of staffing challenges (high staff turnover and
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limited medical support and access to personal protec-
tive equipment), environmental issues (close confine-
ment and poor ventilation) and host characteristics (high
prevalence of comorbidities) [4, 6, 7], with COVID-19
incidence among prisoners reaching almost three times
the level observed in the general population [8]. Indeed,
a study at two Michigan based hospitals demonstrated
that prisoner status was associated with a more severe
COVID-19 clinical presentation, higher rates of intensive
care unit admission and increased 30-day mortality [9].
Prison outbreaks can quickly overwhelm prison services
and place increased pressure on surrounding healthcare
and public health services. Consequently, the WHO has
identified prisoners as a neglected population in terms of
healthcare need exceeding resource availability [10].

Published figures available after the first year of the
pandemic showed there had been 42,107 confirmed cases
and 510 deaths amongst prisoners in the USA and 3460
confirmed cases and 73 deaths among prisoners/proba-
tion service users in the UK [11, 12]. While limited data
for low- and middle-income countries (LMIC’s) make
comparisons difficult [13], a 2020 review found COVID-
19 outbreaks in African prisons to be lower than in high-
income countries (HIC’s), at least during the first year of
the pandemic. This was attributed to the large number
of African prisons that engaged in releasing thousands
of inmates into the community to reduce rates of over-
crowding [13]. However, the burden that the COVID-19
pandemic has placed on healthcare systems in LMICs
has far exceeded that observed in HIC’s [14], as a con-
sequence of low rates of vaccine availability and herd
immunity, as well long-term underinvestment in health-
care systems [15].

Outbreak guidance for prisons from the Centers for
Disease Control and Prevention (CDC) [16] and WHO
[17] emphasises the importance of hand-hygiene, social-
distancing, isolation, ventilation, restricting admissions
and rapid testing. However, these measures can be dif-
ficult to implement [18, 19], particularly against long-
term under-investment in prison services [20]. Other
novel and cost-effective approaches are therefore needed.
A 2020 systematic review found the management of
COVID-19 outbreaks within prison settings to be highly
variable and not informed by public health guidance or
the best available evidence [21]. The same review advo-
cates for ‘a public health approach to managing COVID-
19 in prison’ settings [21].

This is the first paper describing how a public health
approach, based on UK guidance published early in the
pandemic (April 2020) and introduced across the UK
prison estate [22, 23] was effective in controlling the
spread of SARS-CoV-2 in a large European prison (Prison
A). Prison A is a category B (housing prisoners taken
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directly from courts) men’s prison in the UK. Prisons in
the UK are categorised A to D based on prisoners’ risk
of escape, harm to the public and threat to the control
and stability of a prison, with category A housing pris-
oners that pose the most serious threat and category D
providing minimal security. The public health approach
outlined in this study consisted of the establishment of
specific isolation / cohorting units, including (i) reverse
cohorting units to accommodate new prison admissions;
(ii) protective isolation units for isolating confirmed and
suspected cases; and (iii) shielding units to protect the
clinically vulnerable, in addition to traditional outbreak
control measures.

Methods

Study design and study population

This is a single-centre prospective longitudinal study. The
single centre is prison A, a men’s prison with a high turn-
over population and capacity for 977 prisoners. It is com-
posed of eleven wings, a social care unit, separation unit
and healthcare unit. Each wing accommodates 100-175
prisoners. Prison A employed 910 staff and was holding
950 prisoners at the start of the first outbreak.

The eleven wings comprise: A, B and C-wing (general
population); D-wing (sex offenders); G-wing (enhanced
prisoners); J-wing (older/more vulnerable); K- and
L-wing (remanded and convicted prisoners); M-wing
(integrated drug treatment service); and N- and P-wing
(new arrivals).

Case definitions

Definitions of possible and probable cases have changed
over time. Definitions used in this report represent the
definitions used by prison healthcare staff during the
management of the outbreak [24]. Possible cases were
individuals reporting symptoms consistent with an upper
respiratory tract infection but without typical COVID-19
symptoms. Probable cases were individuals reporting one
or more typical COVID-19 symptom, i.e., fever or tem-
perature > 37.8°C, new continuous cough or anosmia.
Probable and possible cases receiving a negative PCR test
result were still isolated and treated as possible / probable
cases in case of false negative PCR test results, which are
more frequent when disease prevalence is low and sensi-
tivity is compromised. Confirmed cases were individuals
with a positive SARS-CoV-2 test result.

Outbreak control team

The Outbreak Control Team (OCT) was convened and
chaired by Public Health England’s (PHE) local Health
Protection Team (HPT) to coordinate investigation and
management of the outbreak. Membership included
(local and national) representatives from PHE, Prison A,
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NHS, local government, and Her Majesty’s Prison and
Probation Service (HMPPS). Roles of the OCT included
declaring the start and end of the outbreak. OCT recom-
mendations were submitted to the appropriate organisa-
tion for consideration and implementation — for example
recommendations that the prison should be closed to
new admissions were submitted to HMPPS, since all pop-
ulation management decisions were taken at a national
level.

Cohorting and isolation units

A shielding unit was established on J-Wing on 6th March
2020 to safeguard 35 prisoners with chronic medical con-
ditions. Enhanced levels of biosecurity (i.e., measures to
prevent introduction of COVID-19) included controlled
access via one entrance; full use of PPE by staff; appoint-
ment of dedicated prison/healthcare staff and unlocking
(for showers, exercise and telephone access) a maximum
of 11 prisoners at one time.

On the 10th April 2020 a reverse cohorting unit was
established with the dual purpose of protecting the main
prison population from imported infections, as well as
protecting new admissions from any outbreak among the
existing prison population. A protective isolation unit
was established at the same time to isolate confirmed/
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suspected COVID-19 cases and close contacts for the
duration of the infectious period (Fig. 1).

From 11th April 2020 onward, new arrivals under-
went healthcare screening for COVID-19 symptoms and
were either (i) quarantined in the reverse cohort unit for
14days if symptom free, (ii) held in the protective isola-
tion unit for 7 days if symptomatic or (iii) transferred to
the shielding unit if identified as clinically vulnerable to
COVID-19 (Fig. 1).

Shielding and cohorting units were established in non-
central locations, away from the main population, with
no thoroughfare and a single point of entry. Single cells
were preferred, and facilities (showers, phones, exercise
yard etc.) separated from those used by the main popula-
tion. The Units had designated medical treatments rooms
and access to a constant interaction cell (location used
for prisoners deemed high risk of suicide). The reverse
cohorting unit also had a dedicated area to conduct med-
ical interviews and clinical assessments.

Laboratory testing

In the early part of the study, only a minority of symp-
tomatic prisoners were tested because of logistical dif-
ficulties in arranging testing undertaken by external
healthcare staff. Once infection had been identified in
the first cases, those in the prison with symptoms were
assumed probable.

New prison admissions Y
i screened for COVID-19 :
N upon arrival

994} woydwAsg

Prisoners held in RCU for 14

Symptom free

Protective Isolation Unit.
Possible, probable &
confirmed cases held for 7
days. Close contacts (i.e. cell

sharers) held for 14 days

f General prison \
i 9 population /

AU YBIH

Prisoners at high risk

days and assessed daily for High risk

from COVID-19 held in
SU under enhanced

symptoms

Fig. 1 Outbreak control pathway for new admissions and the general prison population in Prison A.
Reverse Cohorting Unit (RCU), Protective Isolation Unit and Shielding Unit (SU)

levels of biosecurity

Key features of the outbreak response are the
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Arrangements were made for on-site swabbing, allow-
ing all symptomatic prisoners to be rapidly tested, late in
the first outbreak (12th May 2020). Prisoners had a nose
and throat swab collected by a member of the prison
healthcare team using the woven swab from a cobas®
PCR Dual or Uni Swab collection kit. These were referred
to a local NHS provider and tested using the cobas®
SARS-CoV-2 dual target real time PCR assay (Roche
Diagnostics, Switzerland). Staff sourced testing in the
community via local NHS providers. During the second
outbreak, samples from prisoners and most staff were
routinely sent to the local Public Health England labora-
tory. Results were returned electronically to the prison
healthcare team.

Data analysis

Epidemic curves were constructed for staff and prison-
ers using date of onset of symptoms (symptomatic cases)
or date of positive test result (asymptomatic cases). The
date of implementation of outbreak control measures are
demarcated in the epidemic curves. Demographic and
clinical data and SARS-CoV-2 test results were abstracted
from prison records by healthcare staff.

The attack rate (AR) was calculated for each prison
wing using occupancy data from the start of each out-
break. Prisoner location is defined as the wing the pris-
oner was located on when symptoms first developed or
immediately prior to being tested if asymptomatic.

Results
First outbreak
The first OCT meeting was convened on 23rd March
2020 following confirmation of a positive SARS-CoV-2
test result in a prisoner (index case with epidemiological
links to G-wing and K-wing). The index case was admit-
ted to hospital on 18th March 2020 with non-COVID-19
related symptoms, and discharged the following day. At
the time of the first OCT meting there were an addi-
tional four prisoners and 40 staft isolating with probable
COVID-19 symptoms. An outbreak was declared and
prison lockdown implemented, including cessation of all
admissions and transfers from courts and other prisons.

In total, 88 prisoners (1 =950, 9.2%) and 184 staff were
identified as possible, probable or confirmed COVID-19
cases (Table 1). The outbreak was declared over at the
OCT meeting on 26th June 2020 when there had been
no confirmed cases among staff or prisoners for over
28days.

Among prisoners, all three confirmed cases and 22
(35%) of the probable cases occurred in the 29-day
period before the protective isolation and reverse
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cohorting units were established on 11th April 2020.
Over the remainder of the outbreak there were zero
confirmed cases and 23 probable cases among the
resident population, in addition to 15 probable cases
imported from the courts. There were no deaths and
four prisoners required hospitalisation.

Seven of the nine wings reported probable or con-
firmed cases of COVID-19, with at least one case iden-
tified on each wing before the protective isolation and
reverse cohorting units were established. Following
their implementations on 11th April, the majority of
new cases were among new admissions to the prison
(15; 23.8%).

Among staff, there were 83 possible cases, 79 proba-
ble cases, and 22 confirmed cases (Fig. 2). There were no
deaths but one staff member required hospitalisation.

Second outbreak

The OCT was re-convened on 20th November 2020
and a second outbreak was declared after Prison A
reported six new cases, including one prisoner trans-
ferred to another prison, all with epidemiological links
to M-wing. Subsequent investigation identified a sev-
enth case in a member of staff who likely re-introduced
infection on 12th November 2020 into Prison A onto
M-wing. Mass testing of all prisoners and staff associ-
ated with M-wing was undertaken on 24th November:
113 (72.9%) out of 155 prisoners tested positive, of
which 108 were asymptomatic. Of the 36 staff linked to
M wing there were 9 positive results (25%).

Identification of further cases led to OCT recommen-
dations for additional mass testing, first on the adja-
cent L-wing then subsequently whole prison testing.
Six additional cases, all asymptomatic, were identified
from 127 L-wing prisoners tested on 30th Novem-
ber 2020. Whole prison testing between 7th and 11th
December identified 26 further prisoner cases and five
further staff cases. Of particular concern were two
cases on the shielding unit (J-wing) but investigations
concluded that these were not linked to the prison out-
break — one was the carer (prisoner) of another medi-
cally vulnerable prisoner whose infection was likely
hospital-acquired. There were no further cases among
prisoners or staff on the shielding unit identified from
mass testing on 20th and 30th November 2020.

In total, 160 confirmed cases were identified among
prisoners during the second outbreak (18.7% of the
total prison population) (Fig. 3 and Table 1). Prison
testing identified COVID-19 cases in all wings except
for H-wing, and P-wing. Among 460 staff, 22 positive
cases (4.7%) were identified including four asympto-
matic cases. The second outbreak was declared over
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Table 1 Demographic characteristics and COVID-19 diagnosis in prisoners and staff at Prison A
First outbreak Second outbreak
Prisoners Staff Prisoners Staff
(N = 88; 9% of total (N=184;20% of total (N =160; 19% of total (N=22;5%
prison population) staff population) prison population of total staff
population
Characteristics
Age - no. (%)
20-29 26 (30) 32(17) 50 (31) 0(0)
30-39 25 (28) 23(13) 46 (29) 0(0)
40-49 19 (22) 37(20) 29(18) 0(0)
50-59 5(6) 34(18) 8 (5) 0(0)
60 - 69 303) 3(2) 0(0) 0(0)
70-79 1(1) 0(0) 0(0) 0(0)
80-89 0(0) 0(0) 0(0) 0(0)
90-99 (1) 0(0) (1) 0(0)
Unknown 8(9) 55 (30) 26 (16) 22 (100)

Sex - no. (%)

Male 88 (100) 0(0) 160 (100) 0(0)
Female 0(0) 0(0) 0(0) 0(0)
Unknown 0(0) 184 (100) 0(0) 22 (100)

Hospitalised - no. (%)

Yes 4(5) 1(05) 1(1) 1)
No 84 (95) 183 (99.5) 159 (99) 21(95)
COVID-19 diagnosis - no. (%)

Confirmed COVID-19: Total 303) 22(12) 160 (100) 22 (100)
COVID-19 confirmed: Asymptomatic 1(1) 2(1) 145 (91) 5(23)
COVID-19 confirmed: Atypical symptoms 0(0) 4(2) 0(0) 1(5)
COVID-19 confirmed: Typical symptoms 2(2) 16 (9) 15(9) 16 (73)

Probable COVID-19: Total 79 (90) 79 (43) 0(0) 0(0)
Probable COVID-19: Not tested 54 (61) 61(33) 0(0) 0(0)
Probable COVID-19: Tested negative 25 (28) 18 (10) 0(0) 0(0)

Possible COVID-19: Total 6(7) 83 (45) 0(0) 0(0)
Possible COVID-19: Not tested 4 (5) 83 (45) 0(0) 0(0)
Possible COVID-19: Tested negative 2(2) 0(0) 0(0) 0(0)

on the 22nd January 2021 when there had been no new
confirmed cases for 28 days.

Discussion

Statement of principal findings

This is the first publication to examine the public health
management of a COVID-19 outbreak in a prison set-
ting, and the first to examine the role of cohorting, iso-
lating and shielding of prisoners to control the spread
of COVID-19. In total, 120 probable and 25 confirmed
COVID-19 cases among prisoners (9% of all prisoners)
and staff (20% of all staff) were recorded over a 15-week
period during the first outbreak. During the second out-
break, 182 confirmed cases among prisoners (19% of all
prisoners) and staff (5% of all staff) were recorded over

a 9-week period. We describe innovative arrangements
used by Prison A to control the spread of COVID-19
through establishment of reverse cohorting units, protec-
tive isolation units and shielding units. These measures
were implemented in addition to gold standard outbreak
control measures such as social distancing, enhanced
cleaning and use of face masks.

Role of reverse cohorting, isolation and shielding units

Isolating and cohorting are well-established public health
strategies for helping to control spread of infection and
for protecting vulnerable individuals at increased risk
of severe disease if infected [25]. But isolation of new
prison receptions, and use of reverse cohorting units,
is not routinely practiced in US prisons [16] nor part of
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current WHO recommendations [17]. We believe that
more effective cohorting and isolation within prisons can
be facilitated by the creation of dedicated facilities for
this purpose. The reverse cohorting and isolation units
should be separated from the main prisoner population
in non-central locations with dedicated staff. As dem-
onstrated during this outbreak, cohorting and isolating
within physically distinct units can reduce the spread of
infection across the prison, while affording better pro-
tection for uninfected new receptions and vulnerable
residents. This might help explain the relatively low AR
among prisoners reported during the first (9%) and sec-
ond (19%) outbreaks, as well as in other UK prisons [26],
in comparison to the AR of 80% reported for the Marion
Correctional Institution in Ohio, USA [27].

Furthermore, the reverse cohorting unit acted as an
effective buffer to prevent incursion of infection from
new admissions, which are recognised as important
sources of infectious disease [21, 28]. Standard guidance
during outbreaks is for prisons to restrict new receptions,
however, prison authorities often find this difficult to
implement due to political pressure to receive transfers
from courts and other prisons. However, as demonstrated
by Prison A, the admission and release of prisoners can
be continued, while controlling the spread of COVID-19,

through the prompt establishment of reverse cohorting
units.

COVID-19 transmission within any institutional set-
ting poses a serious threat to medically vulnerable mem-
bers of the population [3, 11], but the shielding unit was
effective in preventing infection among this vulnerable
cohort in both outbreaks. There were no cases in the
shielding unit in the first outbreak. During the second
outbreak there were only two linked cases on the shield-
ing unit in a prisoner whose infection was likely hospital-
acquired and his carer whom he likely infected.

The constant movement of staff members between
the community and correctional facilities places them at
high risk of introducing infection, as is documented in
other infectious diseases [29, 30], and has been seen in
staff transmission of COVID-19 in care homes in the UK
[31, 32]. It is likely that prison staff played an important
part as the source of infection in both outbreaks — in the
first outbreak most of the initial cases were among staff
(Fig. 2); in the second outbreak, a strong epidemiologi-
cal association was established between the start of the
outbreak on M-wing and a staff member working on that
wing while displaying symptoms. Routine weekly testing
of staff using PCR, then subsequently twice weekly lat-
eral flow device (LFD) testing, was introduced towards
the end of the second outbreak, but testing was voluntary
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during the second outbreak and timeline of key events

and uptake was poor. Even if all symptomatic staft are
excluded from work, data suggest that 20-50% of infec-
tions may be asymptomatic [33, 34] and that 40% of
transmission occurs before symptoms develop [35, 36].
Studies of SARS-CoV-2 in prisons have thus far failed
to regularly test prison staff or have tested staff on a vol-
untary basis [19, 37, 38]. More crude measures, such as
temperature checks, also will not identify asymptomatic
carriers [19], and one off screening has produced zero
COVID-19 cases amongst prison staff [39].

While Prison A implemented national guidance that
was replicated across the England, guidance itself only
ever provides over-arching advice on how to control
an outbreak. The innovation comes at a local level in
responding creatively to the specific challenges of the
outbreak, such as considering specific population needs
and managing demand from across the wider justice sys-
tem. The effective working between the prison, health-
care, public health and other partners, outlined in this
manuscript, provides a role-model for prisons and places
of detention globally.

Unanswered questions and future research

Prisons are high-risk environments for outbreaks of
infection partly because of the high population density,
including medically vulnerable individuals, living in an
enclosed space. Infection can be introduced to this semi-
closed environment by staff or new prisoner admissions.
Reverse cohorting units can effectively mitigate the risk
presented by new prisoner admissions. But research is
needed to identify the optimum strategy for preventing
introduction of infection from staff.

The second outbreak was possibly caused by a mem-
ber of staff continuing to work while symptomatic. There
should be no financial disincentives if staff are justifiably
required to self-isolate on multiple occasions because of
symptoms, confirmed infection or contact with cases at
work or in the community. In the second outbreak there
was an explosion of cases on M-wing which were almost
all asymptomatic, providing good evidence that asymp-
tomatic cases spread infection, at least in a prison envi-
ronment from that particular strain of COVID-19. More
research is needed into which strains of COVID-19 are
associated with a higher risk of asymptomatic transmis-
sion, and what testing strategy is most effective at iden-
tifying asymptomatic infectious cases. Population-level
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testing to identify asymptomatic cases using LFD testing
with rapid results has been tried in the UK but questions
have been raised about the cost-effectiveness of this pol-
icy and validity of the test [37]. Additionally, it has been
suggested that asymptomatic cases are relatively uninfec-
tious [38, 40].

Widespread COVID-19 screening of new admission to
prison settings might not detect many cases [39]. How-
ever, findings from this study show that reverse cohort-
ing units can prevent incursion of infection from the
community into the prison. Testing of contact traced
asymptomatic prisoners can also significantly reduce the
spread of COVID-19 in prisons [19], and mass testing in
an outbreak situation has the potential to identify a high
number of asymptomatic cases [41]. In the second out-
break, the large number of cases on M-wing would not
have been identified without mass testing. Better evi-
dence regarding infectiousness of particular strains and
the extent of transmission from asymptomatic and pre-
symptomatic cases would also inform the testing strategy
for outbreak investigation in prisons and other institu-
tional settings.

To the best of our knowledge, this is the first publica-
tion to consider the role of specific infection control
measures in controlling the spread of COVID-19 within
a prison setting. Clearly there is an urgent need for addi-
tional research on control measures that are effective in
controlling respiratory disease outbreaks in prisons and
other places of detention.

Implications for policy makers

For policy makers, the challenge is not simply to pre-
vent the spread of COVID-19 infection within prisons,
but to address the underlying cause of health inequities
which result in prisoners being at higher risk of COVID-
19 and other infections. As prisoners move from prisons
to the community (and vice versa), any action to improve
health outcomes within the prison environment will also
improve health in the wider community [10]. It is essen-
tial that prisons are explicitly considered when prepar-
ing for - and responding to - pandemics and other health
emergencies. The WHO has urged policy-makers to
apply a ‘whole-of-government’ approach to improving
the health of prisoners, through legislation to improve
prison health; strengthening the interface between prison
health systems and wider national health systems; and
supporting evidence-based practice [10].

Strengths and weaknesses of the study

There are a number of limitations associated with this
outbreak report. Inadequate community and prisoner
testing during the early stages of the first outbreak (only
33% of probable cases were tested) means there was likely
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an under-estimate of confirmed cases among prisoners
and staff. This in part explains the low number of con-
firmed cases (three) among prisoners despite the large
number (81; 92%) with classic symptoms. This is espe-
cially relevant given that testing was mostly unavail-
able in the early part of the first outbreak when outbreak
incidence in the community was at its highest. A further
limitation is that as Prison A introduced multiple inter-
ventions over a similar timeframe it is difficult to ascer-
tain effectiveness of individual interventions. Due to the
nature of the data collected it is also not possible to make
inferences into behavioural/socio-economic risk factors
associated with infection.

While there is generally limited risk of bias associ-
ated with outbreak control studies, there is potential
risk of measurement bias in the identification of possi-
ble and probable cases, which were based on presenta-
tion of symptoms, during the first outbreak. However,
widespread PCR testing of prisoners during the second
outbreak reduced likelihood of measurement bias dur-
ing later stages of the outbreak. There is also potential
for a reverse healthy-worker effect, with members of the
prison population at increased risk of COVID-19 due to
increased presence of co-morbidities and close person-
to-person contact, however, this does not affect general-
isability in applying findings to other prisons and places
of detention.

While outbreak control measures outlined in this man-
uscript can be implemented in diverse prison setting,
limitations in external validity include the high turno-
ver population of prison A increasing the likelihood of
COVID-19 incursion into the prison. In addition, pris-
ons in countries such as the USA and Africa have notably
larger populations than UK prisons and may experience
difficulty in allocating staff to establish cohorting, iso-
lation and shielding units and in identifying adequate
space for housing these specialist outbreak units. Prison
regimes (i.e., legal requirements on the time prisoners
spend outside of cells) also vary by country and may have
an impact on holding prisoners in shielding and isolation
units. Finally, characteristics of prison populations (e.g.,
gender, age, ethnicity and presence of co-morbidities)
and physical characteristics of prisons (e.g., single, double
and multi-occupancy cells) all vary within and between
countries, all of which influence the ability to isolate
and shield prisoners. However, despite these limitations,
the evidence presented in this manuscript, document-
ing the progression of two COVID-19 outbreaks within
the same prison, suggests that prompt establishment
of reverse cohorting, protective isolation and shielding
units can assist in preventing uncontrollable spread of
SARS-COV-2.
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Conclusion

The risk of large outbreaks in prison settings will con-
tinue until universal vaccination of prisoners and staff is
achieved. Well established control measures for outbreak
management include isolation of cases and cohorting of
staff to work in particular areas. These dedicated units
provide not only more effective isolation and cohorting to
help control spread of infection, but having the cohorts all
located in one area also allow for more efficient monitor-
ing and care provision by healthcare staff. These novel and
cost-effective approaches can be implemented in correc-
tional facilities globally.

Abbreviations

AR: Attack Rate; CDC: Centers for Disease Control and Prevention; HICs: High-
income countries; HMPPS: Her Majesty’s Prison and Probation Service; HPT:
Health Protection Team; LFD: Lateral flow device; LMIC's: Low- and middle-
income countries; OCT. Outbreak Control Team; PHE: Public Health England;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; WHO: World
Heath Organisation.

Authors’ contributions

PC, AP, AR, E O'M & RG were responsible for data collection, analysis and writ-
ing of the manuscript. JC supported data analysis. VL, PN & AT were responsi-
ble for data collection. ER and JS were responsible for data interpretation. SD
supported writing the manuscript. The author(s) read and approved the final
manuscript.

Funding
Many thanks to the University of Birmingham for supporting the Open Access
fees for this article.

Availability of data and materials
The datasets used and / or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This research was subject to an internal review by the Research Ethics and
Governance Group, which is the PHE ethics committee, and was found to

be fully compliant with all regulatory requirements. As no regulatory issues
were identified, and ethical review is not required for this type of work, it was
decided that a full ethical review would not be needed, and the report was
approved by the group. No participants were recruited in the process of this
study. No permissions were required to access raw data as this paper is based
on existing PHE data. All data was anonymised before use in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Warwick Medical School, University of Warwick, Coventry CV4 7HL, UK.
2Health Protection, United Kingdom Health Security Agency, Birmingham,
UK. *National Health and Justice, United Kingdom Health Security Agency,
Birmingham, UK. “Birmingham Medical School, University of Birmingham,
Birmingham, UK. *Her Majesty’s Prison Service, Birmingham, UK. ®Birmingham
and Solihull Mental Health NHS Foundation Trust, Birmingham, UK. ”National
Infection Service, United Kingdom Health Security Agency, Birmingham, UK.
8Black Country Pathology Services Department of Medical Microbiology, City
Hospital, Birmingham, UK.

Page 9 of 10

Received: 28 September 2021 Accepted: 10 March 2022
Published online: 07 April 2022

References

1. World Health Organisation. Coronavirus disease (COVID-19) Situation
Report-202. Available at: https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports.

2. Arons MM, Hatfield KM, Reddy SC, et al. Presymptomatic SARS-CoV-2
infections and transmission in a skilled nursing facility. N Engl J Med.
2020;382:2081-90.

3. McMichael TM, Currie DW, Clark S, et al. Epidemiology of covid-19in
a long-term care facility in King County, Washington. N Engl J Med.
2020;382:2008-11.

4. Kinner SA, Young JT, Snow K, et al. Prisons and custodial settings are
part of a comprehensive response to COVID-19. Lancet Public Health.
2020;5:2188-9.

5. Wilburn J, Blakey E, Trindall A, et al. COVID-19 within a large UK prison
with a high number of vulnerable adults, march to june 2020: an out-
break investigation and screening event. Int J Infect Dis. 2021;104:349-53.

6. Jiménez MC, Cowger TL, Simon LE, et al. Epidemiology of COVID-19
among incarcerated individuals and staff in Massachusetts jails and
prisons. JAMA Netw Open. 2020,3:2018851.

7. Saloner B, Parish K, Ward JA, et al. COVID-19 cases and deaths in federal
and state prisons. JAMA. 2020. https://doi.org/10.1001/jama.2020.12528.

8. Ministry of Justice. HM Prison and Probation Service COVID-19 Official
Statistics Mini. 2020. Available at: https://www.gov.uk/government/stati
stics/prison-population-figures-2020.

9. Altibi AM, Pallavi B, Liagat H, et al. Characteristics and comparative clinical
outcomes of prisoner versus non-prisoner populations hospitalized with
COVID-19. Sci Rep. 2021;11:1 2021;11:1-9.

10. World Health Organisation. Health in Prisons. 2020. Available at: http://
www.euro.who.int/en/health-topics/health-determinants/priso
ns-and-health.

11. Akiyama MJ, Spaulding AC, Rich JD. Flattening the curve for incar-
cerated populations - Covid-19 in jails and prisons. N Engl J Med.
2020;382:2075-7.

12. Hawks L, Woolhandler S, McCormick D. COVID-19 in prisons and jails in
the United States. JAMA Intern Med. 2020. https://doi.org/10.1001/jamai
nternmed.2020.1856.

13. Nweze VN, Anosike UG, Ogunwusi JF, et al. Prison health during the
COVID-19 era in Africa. Public Health Pract. 2021;2:100083.

14. Aborode AT, Hasan MM, Jain S, et al. Impact of poor disease surveillance
system on COVID-19 response in africa: time to rethink and rebuilt. Clin
Epidemiol Glob Health. 2021;12:2213-3984.

15. Hasan MM, Rocha ICN, Ramos KG, et al. Emergence of highly infectious
SARS-CoV-2 variants in Bangladesh: the need for systematic genetic
surveillance as a public health strategy. Trop Med Health. 2021;49:1-3.

16. CDC. Guidance on Management of Coronavirus Disease 2019 (COVID-19)
in Correctional and Detention Facilities. Available at: https://www.cdc.
gov/coronavirus/2019-ncov/community/correction-detention/guida
nce-correctional-detention.html.

17. WHO. Preparedness, prevention and control of COVID-19in prisons and
other places of detention. Available at: https://www.euro.who.int/en/
health-topics/health-determinants/prisons-and-health/publications/
2020/preparedness-prevention-and-control-of-covid-19-in-prisons-and-
other-places-of-detention-15-march-2020-produced-by-whoeurope.

18. Okano JT, Blower S. Preventing major outbreaks of COVID-19 in jails.
Lancet. 2020;95(10236):1542-3.

19. Malloy GSP, Puglisi L, Brandeau ML, et al. The effectiveness of interven-
tions to reduce COVID-19 transmission in a large urban jail. BMJ Open.
2021;11(2):042898

20. House of commons justice committee. Coronavirus (Covid-19): the
impact on prisons. Fourth Report of Session 2019-21. 2020. Available at:
https://publications.parliament.uk/pa/cm5801/cmselect/cmjust/1065/
106502.htm.

21. Beaudry G, Zhong S, Whiting D, et al. Managing outbreaks of highly
contagious diseases in prisons: a systematic review. BMJ Glob Health.
2020;5(11):e003201.


https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1001/jama.2020.12528
https://www.gov.uk/government/statistics/prison-population-figures-2020
https://www.gov.uk/government/statistics/prison-population-figures-2020
http://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health
http://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health
http://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health
https://doi.org/10.1001/jamainternmed.2020.1856
https://doi.org/10.1001/jamainternmed.2020.1856
https://www.cdc.gov/coronavirus/2019-ncov/community/correction-detention/guidance-correctional-detention.html
https://www.cdc.gov/coronavirus/2019-ncov/community/correction-detention/guidance-correctional-detention.html
https://www.cdc.gov/coronavirus/2019-ncov/community/correction-detention/guidance-correctional-detention.html
https://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health/publications/2020/preparedness-prevention-and-control-of-covid-19-in-prisons-and-other-places-of-detention,-15-march-2020-produced-by-whoeurope
https://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health/publications/2020/preparedness-prevention-and-control-of-covid-19-in-prisons-and-other-places-of-detention,-15-march-2020-produced-by-whoeurope
https://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health/publications/2020/preparedness-prevention-and-control-of-covid-19-in-prisons-and-other-places-of-detention,-15-march-2020-produced-by-whoeurope
https://www.euro.who.int/en/health-topics/health-determinants/prisons-and-health/publications/2020/preparedness-prevention-and-control-of-covid-19-in-prisons-and-other-places-of-detention,-15-march-2020-produced-by-whoeurope
https://publications.parliament.uk/pa/cm5801/cmselect/cmjust/1065/106502.htm
https://publications.parliament.uk/pa/cm5801/cmselect/cmjust/1065/106502.htm

Coleman et al. BMC Public Health

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(2022) 22:677

HMPPS. Cohorting guidance for prisons during the COVID-19 period.
2020. Available at: http://www.prisonersadvice.org.uk/wp-content/uploa
ds/2020/05/HMPPS-Cohorting-guidance-31-March-2020-upd.-15-April-
2020.pdf.

Ministry of Justice, Public Health England, HMP Prison & Probation
Services. COVID-19 population management strategy for prisons. 2020
Available at: https://www.gov.uk/government/publications/covid-19-
population-management-strategy-for-prisons.

PHE. COVID-19: investigation and initial clinical management of possible
cases - GOV.UK. 2021. Available at: https://www.gov.uk/government/
publications/wuhan-novel-coronavirus-initial-investigation-of-possible-
cases/investigation-and-initial-clinical-management-of-possible-cases-
of-wuhan-novel-coronavirus-wn-cov-infection.

Wilder-Smith A, Freedman DO. Isolation, quarantine, social distancing
and community containment: pivotal role for old-style public health
measures in the novel coronavirus (2019-nCoV) outbreak. J Travel Med.
2020;27. https://doi.org/10.1093/jtm/taaa020.

House of commons. Coronavirus (Covid-19): the impact on probation
services. 2022 Available at: https://committees.parliament.uk/publicatio
ns/1944/documents/18919/default/.

Burki T. Prisons are “in no way equipped”to deal with COVID-19. Lancet.
2020;395:1411-2.

Kamarulzaman A, Reid SE, Schwitters A, et al. Prevention of transmission
of HIV, hepatitis B virus, hepatitis C virus, and tuberculosis in prisoners.
Lancet. 2016;388:1115-26.

Junghans C, Heffernan C, Valli A, et al. Mass vaccination response to a
measles outbreak is not always possible. Lessons from a London prison.
Epidemiol Infect. 2018;146:1689-91.

Crick JR, Firth R, Padfield S, et al. An outbreak of measles in a prison in
Yorkshire, England, December 2012-January 2013. Epidemiol Infect.
2014;142:1109-13.

Ladhani SN, Chow JY, Janarthanan R, et al. Investigation of SARS-CoV-2
outbreaks in six care homes in London, April 2020. EClinicalMedicine.
2020;26:100533.

Ladhani SN, Chow JY, Janarthanan R, et al. Increased risk of SARS-CoV-2
infection in staff working across different care homes: enhanced
CoVID-19 outbreak investigations in London care homes. J Inf Secur.
2020;81:621-4.

Verity R, Okell LC, Dorigatti |, et al. Estimates of the severity of coronavirus
disease 2019: a model-based analysis. Lancet Infect Dis. 2020;20:669-77.
Mizumoto K, Kagaya K, Zarebski A, et al. Estimating the asymptomatic
proportion of coronavirus disease 2019 (COVID-19) cases on board the
diamond princess cruise ship, Yokohama, Japan, 2020. Eurosurveillance.
2020;25:2000180.

Ferretti L, Wymant C, Kendall M, et al. Quantifying SARS-CoV-2 transmis-
sion suggests epidemic control with digital contact tracing. Science.
2020;368(6491):eabb6936

He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and trans-
missibility of COVID-19. Nat Med. 2020;26:672-5.

Gill M, Gray M. Mass testing for covid-19 in the UK. BMJ. 2020;371. https://
doi.org/10.1136/bmj.m4436.

WHO. Transmission of COVID-19 by asymptomatic cases. 2020. Available
at: http://www.emro.who.int/health-topics/corona-virus/transmission-of-
covid-19-by-asymptomatic-cases.html.

Pagano AM, Maiese A, 1zzo C, et al. COVID-19 risk management and
screening in the penitentiary facilities of the Salerno Province in southern
Italy. Int J Environ Res Public Health. 2020;17:8033.

LiuY, Yan LM, Wan L, et al. Viral dynamics in mild and severe cases of
COVID-19. Lancet Infect Dis. 2020;20:656-7.

Njuguna H, Wallace M, Simonson S, et al. Serial laboratory testing for
SARS-CoV-2 infection among incarcerated and detained persons in a
correctional and detention facility — Louisiana, April-may 2020. MMWR
Morb Mortal Wkly Rep. 2020,69:836-40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.prisonersadvice.org.uk/wp-content/uploads/2020/05/HMPPS-Cohorting-guidance-31-March-2020-upd.-15-April-2020.pdf
http://www.prisonersadvice.org.uk/wp-content/uploads/2020/05/HMPPS-Cohorting-guidance-31-March-2020-upd.-15-April-2020.pdf
http://www.prisonersadvice.org.uk/wp-content/uploads/2020/05/HMPPS-Cohorting-guidance-31-March-2020-upd.-15-April-2020.pdf
https://www.gov.uk/government/publications/covid-19-population-management-strategy-for-prisons
https://www.gov.uk/government/publications/covid-19-population-management-strategy-for-prisons
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-initial-investigation-of-possible-cases/investigation-and-initial-clinical-management-of-possible-cases-of-wuhan-novel-coronavirus-wn-cov-infection
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-initial-investigation-of-possible-cases/investigation-and-initial-clinical-management-of-possible-cases-of-wuhan-novel-coronavirus-wn-cov-infection
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-initial-investigation-of-possible-cases/investigation-and-initial-clinical-management-of-possible-cases-of-wuhan-novel-coronavirus-wn-cov-infection
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-initial-investigation-of-possible-cases/investigation-and-initial-clinical-management-of-possible-cases-of-wuhan-novel-coronavirus-wn-cov-infection
https://doi.org/10.1093/jtm/taaa020
https://committees.parliament.uk/publications/1944/documents/18919/default/
https://committees.parliament.uk/publications/1944/documents/18919/default/
https://doi.org/10.1136/bmj.m4436
https://doi.org/10.1136/bmj.m4436
http://www.emro.who.int/health-topics/corona-virus/transmission-of-covid-19-by-asymptomatic-cases.html
http://www.emro.who.int/health-topics/corona-virus/transmission-of-covid-19-by-asymptomatic-cases.html

	Implementation of novel and conventional outbreak control measures in managing COVID-19 outbreaks in a large UK prison
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and study population
	Case definitions
	Outbreak control team
	Cohorting and isolation units
	Laboratory testing
	Data analysis

	Results
	First outbreak
	Second outbreak

	Discussion
	Statement of principal findings
	Role of reverse cohorting, isolation and shielding units
	Unanswered questions and future research
	Implications for policy makers
	Strengths and weaknesses of the study

	Conclusion
	References


