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Abstract

Background: defining features of the COVID-19 pandemic in many countries were the tragic extent to which care home
residents were affected and the difficulty in preventing the introduction and subsequent spread of infection. Management of
risk in care homes requires good evidence on the most important transmission pathways. One hypothesised route at the start
of the pandemic, prior to widespread testing, was the transfer of patients from hospitals that were experiencing high levels of
nosocomial events.

Methods: we tested the hypothesis that hospital discharge events increased the intensity of care home cases using a national
individually linked health record cohort in Wales, UK. We monitored 186,772 hospital discharge events over the period from
March to July 2020, tracking individuals to 923 care homes and recording the daily case rate in the homes populated by
15,772 residents. We estimated the risk of an increase in case rates following exposure to a hospital discharge using multi-level
hierarchical logistic regression and a novel stochastic Hawkes process outbreak model.

Findings: in regression analysis, after adjusting for care home size, we found no significant association between hospital
discharge and subsequent increases in care home case numbers (odds ratio: 0.99, 95% CI: 0.82, 1.90). Risk factors for
increased cases included care home size, care home resident density and provision of nursing care. Using our outbreak model,
we found a significant effect of hospital discharge on the subsequent intensity of cases. However, the effect was small and
considerably less than the effect of care home size, suggesting the highest risk of introduction came from interaction with the
community. We estimated that approximately 1.8% of hospital discharged patients may have been infected.

Interpretation: there is growing evidence in the UK that the risk of transfer of COVID-19 from the high-risk hospital setting
to the high-risk care home setting during the early stages of the pandemic was relatively small. Although access to testing was
limited to initial symptomatic cases in each care home at this time, our results suggest that reduced numbers of discharges,
selection of patients and action taken within care homes following transfer all may have contributed to the mitigation. The
precise key transmission routes from the community remain to be quantified.
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Key Points

* We monitored 186,772 hospital discharge events over the period from March to July 2020, tracking individuals to 923 care
homes.
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* In regression analysis, after adjusting for care home size, we found no significant association between hospital discharge.

¢ Using our outbreak model, we found a significant effect of hospital discharge on the subsequent intensity of cases. The
precise key transmission routes from the community remain to be quantified.

* We investigated the role of nosocomial events in care homes in Wales, UK.

Introduction

Care homes are a cornerstone of adult social care, which,
by definition, group clinically vulnerable people together.
Residents may live in close proximity, access shared space and
may be frail and experience a variety of underlying health
conditions, making them more susceptible to outbreaks of
infectious disease than those who live independently [1].
COVID-19 is described by Lithander et al. [2] as ‘a dynamic,
specific and real threat to the health and well-being of older
people’. The impact of COVID-19 on this sub-population
was a defining feature of the pandemic, which was reported
internationally by care providers in the media and through
a growing body of research [3, 4]. Most care homes formed
protective bubbles whereby visitors were restricted to essen-
tial staff and the admission of new residents. Yet, there
were still many outbreaks and deaths from COVID-19, and
there remains limited evidence on modifiable risk factors
for increases in COVID-19 infections in care homes. Regu-
larly, attention was drawn to links between hospital-acquired
infection and discharge into the care home [5].

Care homes provide accommodation and care for those
needing substantial help with personal care, but more than
that, they are people’s homes [1, 6]. In 2020, there were
1,053 care homes in Wales (UK), with a maximum capacity
of 25,493 places [7]. Care home markets vary across the
22 local government authorities in Wales in the supply,
ownership and size of care homes [8].

Multiple interconnected challenges face the care home
sector in the prevention and management of outbreaks of
COVID-19. In the literature, these challenges are reported to
include staff shortages, insufficient or lack of timely COVID-
19 testing and poor access to personal protective equipment
[6, 9]. Related clinical challenges include older adults with
COVID-19 being asymptomatic or not displaying expected
symptoms [2, 6,9, 10]. Once there is an outbreak, the disease
can spread quickly within a care home setting and can be
difficult to contain [5, 10, 11]. A further challenge is in man-
aging the impact of practices to shield care home residents
and isolate those who are infected, for example, individuals
with dementia who are walking with purpose out of their
rooms. These practices can result in social isolation from
families, friends and communities, with negative impacts on
health and well-being [2, 6]. Set against these challenges is
the caring, innovative and resilient response of care home
staff and residents in managing the situations they face [12].
This confluence of events in the context of the pandemic,
and impacts for residents, their families and care home staff,
has been framed as a human rights issue [13]. In the UK, it
is argued that underinvestment in the care home sector and
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a poor interface with the health sector led to ill-informed
policies. The rapid hospital discharge policies in the early
period of the lockdown have been presented as examples of
this [5, 14-16]. However, this was a period of considerable
uncertainty, with very limited testing and rapidly increasing
transmission in all communities. A quantitative estimate of
the effect of this route of transmission is therefore difficult to
obtain.

In Wiales, guidance for discharges from hospitals to care
homes was formally published on 7 April 2020. Following
treatment, it was determined if there was any evidence of
COVID-19 during admission and patients were transferred
to a ‘step-down’ facility until they became non-infectious
[17]. There was no formal guidance on testing in care homes
until 27 May 2020. Guidance was to test suspected or
symptomatic residents within 24 h and to test the staff within
48 h. If a test returned positive, all eligible residents and staff
would be tested. Tests were to be returned within 48 h [18].
The testing strategy in Wales differed from the recommended
strategies in Europe, where proactive testing was advised and
infection control procedures were adapted based on the level
of community prevalence [19].

The use of existing anonymised routinely collected longi-
tudinal data can help to provide rapid access to large-scale
data for studies and to provide robust evidence for commis-
sioning decisions and policy [20]. In this study, we utilise the
Secure Anonymised Information Linkage (SAIL) Databank
[21-23] to investigate increases in confirmed COVID-19
cases in care homes in Wales in periods of time following
a recorded exposure from a patient discharged from the
hospital.

Understanding the pathways in which a virus has entered
a community is key to preventing the spread of disease,
particularly when the community is vulnerable. Logically, in
a controlled environment like a care home, there are four
routes of ingress for the virus: hospital discharge, staff, visi-
tors and community admissions (including residents leaving
a care home for social activities). This study addresses the
first of these routes of ingress by assessing the impact of
hospital discharge of COVID-19 patients into care homes
on subsequent COVID-19 cases and whether any of the care
home characteristics increased the risk.

Methods

Data sources

We performed a national, longitudinal, retrospective cohort
study using the SAIL Databank, a person level anonymised



privacy protecting data linkage platform for all >3 mil-
lion people who live in Wales, UK [21-23]. SAIL con-
tains anonymised administrative and health care records.
Anonymisation is performed by a trusted third party, the
National Health Service (NHS) Wales Informatics Service.
A unique individual anonymised person identifier (Anony-
mous Linking Field) links to a unique address anonymised
identifier (Residential Anonymous Linking Field (RALF))
[24, 25]. Individual linking fields, nested within residen-
tial codes, are contained in the anonymised version of the
Welsh Demographic Service Dataset (WDSD), replacing the
identifiable names and addresses of people registered with a
free-to-use (NHS) General Practitioner service.

Our Care Homes Anonymised Linking Field was created
using the Care Inspectorate Wales (CIW), the national reg-
ulator of social care services in Wales, list from 2020, and
by assigning a Unique Property Reference Number (UPRN;
[26]). The UPRN was double encrypted into a project-level
RALF and was uploaded into SAIL to create a deterministic
match to the WDSD based on patient-supplied addresses.
Additional characteristics of care homes were supplemented
using Geographical Information Systems data. We deter-
mined if someone was a care home resident by linking their
anonymised address information to the residences indexed
as a care home in the WDSD. This enabled us to link
the COVID-19 testing and hospital discharge data at the
individual level and within individual care homes. Residents
and care homes were anonymised prior to any analysis.

Our dataset consisted of 928 care homes with at least 1
current resident, successfully linked to anonymised patient
data on 15,772 residents. Daily observations on case num-
bers of hospital transfers were made from 1 January 2020
to 31 July 2020, a dataset of 186,772 observations. We were
unable to include residents who were temporarily discharged
from the hospital to a care home different to their normal
place of residence. We carried out two sets of analyses.
(i) A multi-level logistic regression estimate of the associa-
tion between exposure to hospital discharge and the risk of
cases subsequently increasing in the care home. (ii) A novel
stochastic outbreak model to estimate the change in intensity
of cases in a care home following the date of exposure and
taking into account the nature of spread within the home.

Multi-level modelling

We defined the outcome in a binary logistic regression model
as the increase in COVID-19-positive cases, ¢, in a care
home, defined daily by the difference in the sum of cases
across a 2-week moving window, as follows:
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Fourteen days is the 99th percentile of an individual’s symp-
tomatic period [28] and is the recommended quarantine
period in the UK. As a marker of exposure to hospital
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discharge, we included a time-dependent covariate, defined
as ‘yes’ if a resident of the care home was discharged from
the hospital in the previous 14 days. Fixed effects of type
of nursing provision, mental health provision, learning dis-
ability provision, home capacity (defined by the number of
available beds recorded with CIW) and resident density were
included. To account for clustering, observations were nested
within a month, home then local authority. We varied the
periods of observation as a sensitivity analysis.

Hawkes process model

For an infectious disease in a small, closed population, there
is clearly strong non-independence between observations on
cases over time. We therefore developed a novel stochastic
model to attempt to separate out the effects of introduction
of a case from the subsequent spread within the home.
An assignment of potential introduction via the hospital
discharge route can then be estimated separately from both
the within-home spread and a ‘background’ introduction
rate from other outside sources (community/staft/visitors).

A random point process model for the discrete event of
a confirmed case can be expanded upon using the Hawkes
process [27]. The feature of this model is a self-exciting
term representing a situation in which the probability of
a subsequent case is increased or ‘excited’ by an existing
case. The period of excitation represents an outbreak of,
potentially, many cases within a care home. We proposed an
outbreak model with two self-excitation terms: one repre-
senting the effect of a known case happening in the home
(a considerable risk to future spread) and the other one
representing the effect of a known hospital discharge. Since
the hospital discharge may or may not carry infection, the
relative magnitude of these terms informs an estimate of
the risk from hospital discharge. In the extreme case, zero
hospital excitation would represent a situation where no
hospital discharges carried infection risk (null hypothesis),
while equal excitation coeflicients represent the situation
where every hospital discharge was infected.

The ‘intensity’ of cases is the rate at which cases are
expected to occur. We defined the ‘intensity function’ of
cases at care home 7 on day ¢ as follows:
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where v (SZ-) is the baseline intensity of a care home of size §;,
representing the risk of a case being introduced to the care
home via normal activities (staff/community/visitors); 7. and
7y, are the self-excitation and excitation by hospital parame-
ters, representing the increased risk of an outbreak following
the introduction of a case or hospital transfer, respectively;
f(#) is the COVID-19 serial interval distribution, which
is assumed to be equal to the gamma probability density
function with a mean of 6.5 and a coeflicient of variation
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of 0.62; and 7¢(s)and nf’ (s) are the numbers of cases in and
hospital discharges to the care home i on day s. The care
home size §; is grouped into quartiles such that there are
four possible values for v(SZ-) .We assume that 7;(¢) has a
Poisson distribution with mean A;(¢), hence the model can
be fitted from the observed time series of hospital discharge
and case time series. We used maximum likelihood and
MCMC using Numpy [29, 30] for three models: with 7,
and 7, both fixed to zero, with only 7, fixed to zero and
with no parameters fixed. Details of the MCMC fit are given
in the supplementary material along with an illustration of
the effect of the self-exciting process on the intensity of cases
(Supplementary Figure S1).

Results

Care home characteristics are summarised in Supplementary
Table S1. There was no clear overall temporal association
between the cases recorded in care homes and the numbers
of hospital discharges over the period from April to June
2020 (Supplementary Figure S2). In our two care home-level
analytical approaches, we found estimates of no effect and a
small effect of hospital discharge on subsequent COVID-19
case rates in the care homes.

Multi-level modelling

In  unadjusted univariable analyses, (Supplementary
Table S2), the marker of hospital discharge was associated
with an increased risk of a rise in cases in the care home (odds
ratio (OR): 1.2, 95% CI: 1.0, 1.5). By far, the biggest risk
factor was care home size (OR: 34.6 for the largest quintile
in comparison to the smallest). As expected, there was a
correlation between hospital discharge and care home size;
and in the adjusted multivariable models (Table 1), there
was no significant effect of hospital discharge (OR: 0.99,
95% CI: 0.82, 1.90). Care home size remained the most
important factor in mutually adjusted analyses. In general,
we found the provision of care for those with learning
difficuldies to reduce the risk, the provision of nursing care
increased risk, while the provision of care for those with
mental health issues had no effect. The risk was also increased
as the density of residents increased. The random effects
terms indicated that an increase in COVID-19 cases varied
significantly by month (the largest residual) and by care
home but not by local authority.

Hawkes process model

The inclusion of the case self-excitation term led to a signifi-
cant improvement in the fit of the model over the care home
size only model (P < 0.001), with the magnitude of the self-
excitation effect being considerably larger than the care home
size effect. We found a further significant improvement in the
likelihood of the model with hospital discharge compared
to the model with case excitation only (P < 0.001). The
magnitude of change in intensity associated with hospital
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discharge was comparable to the baseline intensity in a Q2
care home and was considerably smaller than the baseline
effects of Q3 or Q4 homes. Furthermore, the case self-
excitation coefficient was much larger. We estimated the
ratio 7/7. = 0.018, suggesting that one hospital discharge had
the same effect on intensity as 0.018 cases. An alternative
interpretation would be that 1.8% of hospital discharges may
have been infected. Estimates of the parameters from the full
model are shown in Table 2 Details of the MCMC fit are
given in Supplementary Figures S3 and S4.

Discussion

We used two modelling approaches, in combination with
a national individually linked hospital and care home
event cohort, to explore the role of hospital discharge
into care homes on subsequent COVID-19 case rates.
The study focused on the period during the first wave in
Wales, during which this was most likely to have been a
factor, before widespread testing was available. The results
of both approaches suggest only a minor role for this
transmission pathway, which has attracted much comment
and speculation. In our multi-level regression, we found
no significant effect of recent hospital discharge on the
probability that case levels would subsequently increase.
Care home size and provision type (specifically nursing
provision) were identified as risk factors. We were also able
to characterise care homes by the number of residents per
metre square based on building footprint and show that
high person density was a risk factor likely representing
the increased opportunity for spread of directly transmitted
viruses within a closed population.

Our hierarchical regression models attempted to control
for effects of clustering; however, by its nature, there is a very
strong likelihood of a direct link between cases of infectious
disease located closely in time and space. We aimed to
account for this more explicitly by modelling the process of
introduction into the care home and subsequent spread by
developing a simple stochastic epidemic model whereby the
occurrence of a case is self-exciting and leads to an increased
probability of further cases. Fitting the model with case self-
excitation only resulted in a considerable improvement over
the size-only model. This was a ‘sense-check’ result, as it
was essentially a test of the hypothesis that SARS-COV-2
was highly infectious within a care home: if a case occurred,
there was a highly significant increase in the risk of more
cases over the following days. The magnitude of the effect
was considerably larger than the care home size effect. This
also highlights the importance of including the infectious
dynamics in the analysis. Without it, the effect of care home
size, or any other variable, may be overestimated.

When we included the impact of hospital discharge, we
did indeed find a significant effect. If a care home was
exposed to a discharge event, there was an estimated increase
in the intensity of cases. However, the effect was relatively
small. In comparison with the introduction of a known
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Table 1. ORs for the multivariate multi-level logistic regression models, with the dependent variable being an increase in

COVID-19-positive cases in a care home

ORs

Care home services

Space available per
person

Care home capacity

Services and space
available per person

Care home services and
capacity

Intercept
Hospital discharge
Discharge in the
previous 14 days
Care home services
Nursing
Learning disabilities
Mental health
Metre square per person
m? (14, 18]
m? (18, 24]
m? (24, 33]
m? (33, 845]

0.004 (0.003, 0.005)

1.112 (0.916, 1.351)

2.327 (1.716, 3.155)
0.324 (0.232, 0.451)
1.006 (0.753, 1.343)

Capacity (based on CIW registration details)

Places (5,16]
Places (16,28]
Places (28,38]
Places (38,133]

Random effects

0.005 (0.003, 0.006)

1.206 (0.986, 1.475)

1.027 (0.69, 1.528)
0.79 (0.53, 1.178)
0.617 (0.402, 0.945)
0.439 (0.283, 0.681)

0 (0, 0.001)

0.984 (0.817, 1.186)

2.536 (1.227, 5.239)
10.778 (5.58, 20.817)
16.991 (8.857, 32.595)
34.94 (18.388, 66.394)

5.889 (5.321, 6.458)
0.834 (0.517, 1.152)

0.004 (0.003, 0.006)

1.109 (0.913, 1.346)

2.234 (1.645, 3.034)
0.341 (0.244, 0.477)
0.979 (0.733, 1.308)

1.077 (0.721, 1.611)
0.982 (0.652, 1.479)
0.881 (0.567, 1.369)
0.773 (0.486, 1.232)

7.392 (6.756, 8.029)
1.491 (1.093, 1.889)

0 (0, 0.001)

0.985 (0.819, 1.186)

0.99 (0.729, 1.343)
0.657 (0.458, 0.944)
0.931 (0.707, 1.225)

2.319 (1.111, 4.844)
8.218 (4.082, 16.547)
14.028 (7.022, 28.023)
26.334 (12.892,
53.792)

5.796 (5.232, 6.36)
0.79 (0.478, 1.101)

Month 7.422 (6.783, 8.06) 8.922 (8.245, 9.599)
Care home 1.544 (1.14, 1.948) 1.498 (1.101, 1.896)
Local authority 0.13 (—0.014, 0.275)

Observations 186,772
Months (January-July) 7
Care homes 881
Local authorities 22

0.104 (—0.022, 0.229)  0.09 (—0.021, 0.201)

0.114 (—0.02,0.248)  0.086 (—0.022, 0.194)

Table 2. MCMC estimates of parameters for the full Hawkes process model

Parameter Interpretation

vy Baseline case intensity in Q1 size home

V2 Baseline case intensity in Q2 size home

V3 Baseline case intensity in Q3 size home

Vg Baseline case intensity in Q4 size home

7. Intensity excitation coefficient due to case

7h Intensity excitation coefficient due to hospital transfer

Posterior mean (x1073) 95% credibility interval

0.21 0.07, 0.35
1.35 0.92, 1.77
3.84 3.22,4.43
6.89 5.92,7.87
599.9 559.5, 640.3
11.08 2.13, 20.03

case, we estimated an approximately 50-fold lower impact.
One way of interpreting the coeflicients would be that an
estimated 1.8% of patients discharged from hospitals into
a care home may have been infected. The hospital effect
was considerably less than the effect of care home size.
We estimate that the change in risk posed by one hospital
discharge event ‘every week’ was equivalent to the change in
risk comparing a Q2-sized care home to a Ql-sized home
and was much less than the difference between larger home
sizes (Supplementary Figure S4).

Data linkage is a powerful tool for building comprehen-
sive cohorts. However, while SAIL allows us to model a
person’s care pathway and outbreaks at an individual care
home, it is reliant on the timely updates of a person’s General
Practice (GP) record. During Wave 1 of the COVID-19

pandemic, when the social care and health policy were being
revised on a weekly basis, we know that temporary discharge
events to care homes took place, but we are unable to
differentiate these cases in our analysis. We were unable to
link all care home residents to care homes in Wales due
to mismatches in the GP recorded addresses and officially
registered care home addresses (~10% of care homes). This
may have led to some missed discharge events, but at the
population level of this study, this is unlikely to have drasti-
cally influenced the resulting analysis. Further, as we progress
from a pandemic to endemic phase of the disease, experi-
ence variants with different characteristics and vaccinations
become widespread, and we acknowledge that the patterns
of infection are likely to be different to those presented in
this paper. We also note there are differences between Wales
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and the other UK nations, particularly England, which may
impact the observed rates of transmission. Specifically, Wales
has a lower population density, large rural areas and a smaller
number of hospitals than England.

Conclusions

Our results agree with other studies [3, 4] but are the first
to use individual case events as the outcome. Our model is
generalisable to other discrete exposure events, and subse-
quent disease spread, and can also be developed to include
other risk variables. There has been a natural tendency to
link hospitals and care homes as a transmission route for
COVID-19. During the first wave, there was pressure to
maximise hospital bed availability as the peak of the epidemic
was approaching, and there was a lack of readily available
rapid testing. However, when taken as a whole, the evidence
around discharge from hospitals into care homes suggests
that most care home outbreaks were related to community
infection from visitors, visiting professionals or staff. Given
the high prevalence in Welsh hospitals at the time, this
suggests that successful mitigation was put in place through
the (pretesting) decision-making regarding transfers, the sub-
stantial decline in discharge rate that was introduced prior
to the first wave epidemic peak and management of patients
once transferred into the care home.
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