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the impact of time-dependent exposure to hospital discharge on incidence of the
first known outbreak, over a window of 7-21 days after discharge, and adjusted for
care home characteristics, including size and type of provision.

Results: A total of 330 homes experienced an outbreak, and 544 homes received
a discharge over the study period. Exposure to hospital discharge was not associ-
ated with a significant increase in the risk of a new outbreak (hazard ratio 1.15, 95%
Cl 0.89, 1.47, P = .29) after adjusting for care home characteristics. Care home size
was the most significant predictor. Hazard ratios (95% Cl) in comparison with homes
of <10 residents were as follows: 3.40 (1.99, 5.80) for 10-24 residents; 8.25 (4.93,
13.81) for 25-49 residents; and 17.35 (9.65, 31.19) for 50+ residents. When strati-
fied for care home size, the outbreak rates were similar for periods when homes
were exposed to a hospital discharge, in comparison with periods when homes were
unexposed.

Conclusion: Our analyses showed that large homes were at considerably greater risk
of outbreaks throughout the epidemic, and after adjusting for care home size, a dis-

charge from hospital was not associated with a significant increase in risk.
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1 | BACKGROUND

Care homes are settings in which resident populations typically live
in close proximity. Annually, they experience outbreaks of gastroin-
testinal and respiratory illnesses, including norovirus and influenza,
with associated morbidity and mortality; 70% of acute respiratory
infection outbreaks in the UK occurred in care homes in the winter
of 2018/19. Outbreak-associated infections may be introduced via
human sources such as new admissions from home or hospital, via
staff or via visitors.

Early evidence from the COVID-19 pandemic, later further cor-
roborated, was that older people were more severely affected, with
a case fatality proportion of 2.3% overall but 8% in those aged 70-79
and 14.8% in those aged over 80.2 An assessment of international
evidence from April estimated that in Italy and Spain, over half of
reported deaths were in care home residents.®

Preliminary studies from April in England found extensive spread
amongst staff and residents in homes reporting incidents, and wide
variation in symptom profiles.* A Scientific Pandemic Influenza
Group on Modelling (SPI-M) paper predicted that nearly all care
homes would become affected if current conditions persisted and
indicated a role for staff in introducing infections, particularly where
staff worked across more than one home.’ Recent studies indicate
that Personal Protective Equipment (PPE) and number of staff em-
ployed®’ have an impact on the number of COVID-19 infections.
More recent data from the Care Quality Commission suggest that,
to mid-June, 36% of care homes experienced an outbreak (defined
as a single laboratory-confirmed case)” with a study of care homes
across a large Scottish Health Board reporting a figure of 37%.”

Early estimates of the impact of COVID-19 in the UK sug-
gested that inpatient and critical care bed capacity could be over-
whelmed.® Hospitals in the UK prepared rapidly for the increase in
cases, including cancellation of elective procedures and expediting
discharges to home or social care facilities. Testing for residents
scheduled for discharge was not always available or done.” Media
reports have implicated these discharges as the cause for many of
the subsequent outbreaks in care homes'®'® but we were unable
to locate any studies either published or in preprint that linked data
on discharges to outbreaks. Expert commentary on existing data
identified care and non-care staff, visitors and resident discharges
from hospital as possible vectors for the introduction of COVID-19
into care homes, particularly where testing is not available,* and the
discharge back to their care home of untested SARS-CoV-2 positive
individuals has been suggested as a risk factor for outbreaks in these
settings.!>!% Studies reporting evidence from testing all staff and
residents in specific care homes have suggested high proportions of
asymptomatic cases, particularly amongst older residents, than were
initially assumed.”**7 This suggests the risk of importing COVID-
19 into care homes via hospital discharge of untested asymptomatic
residents has been underestimated.

Several studies have provided further evidence of factors that
may have increased the risk of outbreak in care homes. A large survey

carried out by the Office for National Statistics suggested frequent

use of agency staff or carers and staff working conditions, including
provision of sick pay, influence the risk of an outbreak.*® Two studies
have used routine data to consider a range of risk factors, includ-
ing resident need, evidenced by services provided (eg nursing care,
dementia care), corporate ownership and pre-COVID-19 outbreak
history.7'19

Wales had its first case of COVID-19 confirmed on 28 February
2020, and also saw a subsequent rise in cases and outbreaks in
care homes. Public Health Wales's (PHW) Communicable Disease
Surveillance Centre has been undertaking surveillance for outbreaks
in care settings since 2015.

We aimed to use our national surveillance framework to test
whether the risk of a COVID-19 outbreak in the period following
a discharge from hospital to a care home was increased compared
with other periods, in order to better understand the sources of in-

fection and prevent further incidents.

2 | METHODS
2.1 | Study population

The study population was all adults living in residential or nursing
care homes in Wales, which has seven health boards and a popula-
tion of 3 152 879.2° We defined a care home as a premises registered
with Care Inspectorate Wales (CIW) and recorded as supporting
adults. A list of all registered care homes providing personal or nurs-
ing care to resident adults was downloaded from the CIW website
on 20 May 2020; this contained 1073 adult care homes and included
data on care home capacity and nursing care provision. The maxi-
mum capacity of all adult care homes during the study period was
25 661 places. Data on dementia services were provided by CIW

based on a 2019 review of registration records.

2.2 | Care home outbreak ascertainment

Data on notifications of COVID-19 cases and outbreaks were
sourced from Tarian, the national health protection case and incident
management system managed by PHW. Tarian receives patient-level
data on all PCR positive results for SARS-CoV-2 in Welsh residents
from the laboratory IT system. All cases with a positive result for
SARS-CoV-2 from the first recorded case in a resident of Wales on
28 February 2020 to 24 June were extracted from Tarian on 25 June
2020, with additional results to 27 June extracted on 27 July. A total
of 15 099 positive results for Welsh residents over this period were
identified. Records with postcodes matching those recorded for
CIW-registered care homes were identified and addresses manually
matched to ensure only those with care home addresses were in-
cluded. The date on which the specimen was taken was used as the
case date in analysis.

The testing policy for care home cases changed during the time

period for this analysis. Initially, testing was offered for up to the
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three most recently symptomatic individuals in homes which had not
already recorded a confirmed case. This was increased to up to 5
symptomatic individuals from 15 April, and to all symptomatic res-
idents from 24 April. Due to likely under-ascertainment of cases in
the earlier part of this period, we defined a COVID-19 outbreak as
one resident testing positive for SARS-CoV-2 whilst resident (con-
sistent with Burton et al’), or within 14 days of being resident. All
testing was performed by health boards in Wales and all samples
processed by NHS laboratories. From 02 May, all hospital patients
were required to have a negative COVID-19 test result before being

allowed to be discharged back into a care home.

2.3 | Hospital discharge ascertainment

Data were extracted from the Patient Episode Database for Wales
(PEDW), a national database recording all episodes of inpatient activity
in NHS Wales hospitals. The extract covered the period 22 February
(21 days prior to the first case notified to PHW) to 20 June 2020, the
most recent date for which data were available. The extract was made
on 4 August 2020 and all discharges relating to postcodes matching
those recorded for CIW-registered care homes were identified and ad-
dresses manually matched to ensure only those with care home ad-
dresses were included (2218 discharge records). In addition, to capture
events for which a postcode was inaccurate or not recorded, a search
was conducted using presence of known care home name in the first
line of the address. This identified a further 913 discharge events for a
total of 3131. Discharge records relating to five care homes across two
sites could not be allocated to a specific home as the addresses could
not be used to distinguish between distinct facilities on single sites.
Records relating to them were therefore excluded from analysis, and
the final dataset included 3115 discharges across 1068 care homes,

with a combined maximum capacity of 25 384 residents.

2.4 | Data linkage

Data were linked by care home, matching addresses on the CIW reg-
istration record with addresses recorded on individual hospital dis-

charges from PEDW, and on test result records reported on Tarian.

2.5 | Exposure and outcome

The first notification of a case of COVID-19 in a care home was made
to PHW on 15 March 2020 relating to a specimen collected on 14
March 2020; before this date, all homes were considered at risk.
Once homes had a case of COVID-19 confirmed by laboratory test
result, they were excluded from further analysis. This was due to the
considerable uncertainty in assigning subsequent cases to a chain of
transmission within the home, or to external exposure.

Our outcome was the time (from 22 February) to the first labora-

tory-confirmed case of COVID-19 in each care home. We defined a
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baseline exposure period following a discharge from hospital as 7 to
21 days post-discharge. Thus, any first case appearing during this win-
dow was recorded as being associated with the discharge event. This
window was chosen to approximately account for the potentially incu-
bation and infectious period of an asymptomatic or pre-symptomatic
(and thus untested) discharged resident and for subsequent incubation
period of cases caused by onward transmission in the home. As de-
scribed above, testing pathways for outbreak identification were only
routinely available for symptomatic care home residents during the
study period. We considered this baseline scenario the most likely to
capture an outbreak if caused by a discharge event, but also considered
a sensitivity analysis in which all 1-week, 2-week and 3-week windows
between 0 and 31 days post-discharge event were analysed.

2.6 | Statistical analysis

12! to estimate

We used a Cox proportional hazards regression mode
the effect of discharge on the rate at which homes first became af-
fected by COVID-19. Since we defined the (baseline) exposure pe-
riod as 7-21 days post-discharge, we considered the factor “hospital
discharge” as a time-dependent covariate in the model. Thus, any
home could potentially move back and forth between the at-risk or
not at-risk categories over time. Additional covariates investigated
were obtained from CIW: size of home, services available (nurs-
ing, specialist care for dementia or learning disabilities) and region
(health board). Hazard ratios were calculated for the unadjusted uni-
variable models and for the mutually adjusted full model. In our sen-
sitivity analysis, we considered the wide range of possible exposure
windows (between 0 and 31 days), controlling for the false discov-
ery rate using g values.?? We also calculated outbreak event rates
per 1000 days of exposure to hospital discharge compared with the
event rate per 1000 days unexposed, and stratified these by care
home size.

This study period timeline is shown in Figure 1. The overview
depicts how the 7-21 day risk period follows a discharge date. Each
time there was a discharge to a home, a new risk period was added to
the model. Depending on timing of discharges to a home, risk periods
in that home could be consecutive (scenario A), not occur (scenario
B) or be overlapping (scenario C). In the case of overlapping risk pe-
riods, these were considered cumulative in our model, extending the
overall risk period. As such, our model accounted for the possibility
of care homes having none, some or all risk periods overlapping. Our
end point was time to first outbreak, hence, if an outbreak occurred

in a home (scenarios B, C and D), it was censored at that point.

2.7 | Patient and public involvement

Due to the nature of this study (analysis of routine data) and the
imperative to analyse data and report results rapidly to support pub-
lic health responses to COVID-19, it was not possible to involve pa-

tients and the public in this study.
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FIGURE 1 Study period analysis timeline with risk period interaction scenarios. Scenarios: (A) Two non-overlapping exposure periods, no
outbreak; (B) No exposure to hospital discharge, outbreak occurs; (C) Two overlapping periods of exposure, outbreak occurs later when not
exposed; (D) Two non-overlapping periods of exposure, outbreak occurs during the second discharge period

3 | RESULTS

Of the 1068 care homes in the analysis, an outbreak was recorded
in 330 (30.9%), with a total of 1544 recorded cases. 544 homes ac-
cepted a discharge. There were outbreaks in 245 of the 544 care
homes with a discharge (45.0%). In these homes, 16 experienced the
outbreak prior to any discharge. There were 85 outbreaks in homes

with no exposure-creating discharge (16.2%).

Of the 3115 discharges, 1944 were into a care home that reported
an outbreak, of which 1058 occurred prior to the outbreak and there-
fore created or extended a period of exposure. There were 1171 dis-
charges into a care home that did not report an outbreak. Dates for
all 330 outbreaks and the 2229 discharges creating or extending an
exposure period between 22 February and 27 June 2020 are shown in
Figure 2. A summary of the characteristics and hospital discharges of

the care homes in the national cohort is given in Table 1.
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In the Cox regression, time-dependent exposure to hospital
discharge in the univariable model, with no other factors, was as-
sociated with a significantly increased hazard ratio for the risk of
an outbreak (2.47, 95% Cl: 1.96, 3.11, see Table 2). Similarly, sig-
nificant univariable effects of size, dementia care, service subtype
(nursing care), learning disability provision and regional health
board were detected. However, in the mutually adjusted model,
there was no significant association for hospital discharge, ser-
vice subtype, dementia care or learning disability provision. The

adjusted hazard ratio for hospital discharge was slightly raised,

60

50

40

30

20

No of care homes

10

at 1.15, but with a 95% CI from 0.89 to 1.47 (P = .29). The results
indicate strong confounding in the raw data by care home size,
which was by far the strongest independent predictor of outbreak
risk. In comparison with the reference category of small care
homes with 1-9 residents, the hazard ratio for homes with 10-24
residents was 3.40 (1.99, 5.80). For homes of 25-49, the hazard
ratio was 8.25 (4.93, 13.81) and for the largest category of homes
(50+) it was 17.35 (9.65, 31.19). The effect of health board largely
mirrored the regional size of the epidemic and therefore acted as a

marker of prevalence. Proportional hazard assumptions were met
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FIGURE 2 Hospital discharges and outbreaks (first positive SARS-CoV-2 tests in resident), care homes in Wales, 22 February to 27 June
2020
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TABLE 1 Summary statistics for hospital discharges and positive SARS-CoV-2 tests in residents of care homes in Wales, 22 February to

27 June 2020
Total care  Total Total laboratory- Care homes with  Care homes with  Care homes with  Care homes with
Health Board homes capacity  confirmed results  outbreak (n) outbreak (%) discharge (n) discharge (%)
Aneurin Bevan 170 4053 233 63 371 93 54.7
BCU 290 6730 492 115 39.7 189 65.2
Cardiff & Vale 130 3291 192 44 33.8 55 42.3
CT™M 119 2967 208 40 33.6 69 58.0
Hywel Dda 185 3869 175 17 9.2 100 54.1
Powys 40 1227 46 8 20 9 22.5
Swansea Bay 134 3247 198 43 321 29 21.6
Wales total 1068 25384 1544 330 29.4 544 50.9

in all models, as assessed by non-significant global test for time
trend in residuals.

The confounding effect of care home size on observed univari-
able effect of hospital size can clearly be seen by considering the
outbreak event rate per 1000 days at risk from hospital discharge
(within the window) and comparing it to the event rate when not
exposed. Over all care homes, there was a recorded 6.67 outbreaks
per 1000 days of exposure to hospital discharge, compared to 2.47
outbreaks per 1000 days not in the exposed window. However, after
stratifying by home size there were no significant differences at any
care home size category. For example, the largest (50+) care homes
recorded 14.05 (95% Cl 10.08, 18.22 per 1000 days when exposed
to a hospital discharge, and a similar 11.69 (95% Cl 8.53, 14.99) out-
breaks per 1000 days when unexposed (see Table 3).

In our sensitivity analysis, considering a wide range of possible
time-dependent exposure windows, no q values for hospital dis-
charge reached significance at either the 5% or 10% level. The esti-
mated overall proportion of true null hypotheses (r;), was 1.0. The
smallest g value was 0.14, associated with an observed hazard ratio
of 1.43 at a window of 10 to 31 days, and implying a minimum false
discovery rate (fdr) of 14% incurred if considered significant. Very
similar results were obtained using the local false discovery rate,
and the estimated n, remained 1.0 across all values of fdr tuning
parameter 1. We note that when considering only hospital discharge
and care home size in the model (omitting all other non-significant
covariates) the results were almost identical. Finally, we considered
the effect of the change in policy to mandate testing prior to dis-
charge (02/05/20) by fitting the models with a factor for the two
time periods. This factor was not found to be significant and did not
significantly alter hazard ratios.

4 | DISCUSSION

Consistent with our study, care home size has been the only fac-
tor consistently reported as influencing the risk of outbreak, with
Burton et al’ describing an odds ratio for outbreak of 3.50 (95%Cl
2.06 to 5.94) per 20-bed increase and Dutey-Magni et al*? finding an
adjusted hazard ratio for individual infection of 1.59 (95%Cl 2.06 to

5.94) in 45-59 bed facilities and 1.87 (95%Cl 1.44 to 2.43) for 70-84
beds when compared with 20-34 bed care homes. It is possible that,
because larger homes require more staff and have potentially higher
levels of mixing than smaller homes, outbreaks are more likely. These
homes are potentially more likely to use agency staff to fill rotas
that smaller homes, who might possibly work at more than one care
home and present increased opportunities to introduce infection
to care homes. Homes serving residents with higher needs would
be expected to have higher staff/resident ratios and be less ability
to reduce their personal risk of infection through handwashing and
minimizing social contacts, which could be a possible reason for in-
creased likelihood of infections in these settings. These structural
and operational parameters of care homes are areas which warrant
further investigation.

It must be noted that although a large number of care homes and
events were included in the analysis, the precision of our estimated
hazard ratio for the effect of hospital discharge covers the confi-
dence interval 0.9 to 1.5. Hence, an effect within this range cannot
be ruled out, and in individual cases, the source of the introduction
to the home could have been hospital discharge. Whilst it is possi-
ble that few infectious cases were discharged, or they were late in
infection so not excreting, it is also possible that care home staff
took specific action receiving discharged patients meaning these
residents were successfully isolated in the homes. In addition, the
potential increased risk of acquiring COVID-19 had they not been
discharged to care homes should be considered. Remaining in hos-
pital is not without risk, and there was a rationale for expediting dis-

charges, given the expected influx of COVID-19 cases to hospitals.

4.1 | Limitations

Clearly, not all discharges would have had COVID-19, so the effect
of our defined risk factor would be diluted by non-risk discharges.
However, the aim was to see an overall effect of the pattern and
policy of discharges. It was not possible in this study to link data at
an individual level and therefore to ascertain if the case in outbreaks
was the resident who had been discharged from hospital within the

period of interest. This will be the focus of further investigation. The



377

WILEY

EMMERSON ET AL.

- - - - - - %6'0€ oge %0'00T 8901 SSWOH ||V
LY'T 68°0 ST'T Ire 96T VA4 %V €V 144 %6'0S 4% a8Jeydsiq
- - %L°8T G8 %161 4] 93Jeyasip oN

984eydsiq
- - - - - - %1CE 94 %G'CT T Aeg easuems
98°0 61°0 0’0 81T 9C°0 S50 %0°0C 8 %L'€ oy sAmod
[44] €10 ¥Zo 440 v1°0 1ZAY %C'6 LT %ELT S8T epQ [PMAH
9917 690 L[0T I9°T 980 S0T %9°€€ oy %TTT 61T SMUUESIOIN Je] WmD
€61 Z8'0 AN 99T [440) 60'T %8'€E 144 %C'Cl 0€T Sl_A S HIpleD
esT €L0 S0T 29T €80 LT'T %L6E STT %CLT 06¢C Jpejempe) Is3ag
98'1T G8°0 91 88T £8°0 8C'T %T'LE €9 %6'ST oLT ueAsg uunauy

plieog y3jjesH
9T'T €90 980 6€°0 €co 0€0 %0°GT L9 %611 81 uoisiaoid
- - - - - %Yy €9¢ %189 0z9 UoIsinoid ON

Ajl[igesip 3uluies| o) uoIsIAold
vZ'T v2°0 960 €6 v5'T 9T'e %T°9S SpT %T YT 85¢ SuISINN Yim synpy

3uisanN

- - - - - - %¥'€C 681 VARZA 164 INOYIM syinpy

(1)2dA1gns 921AI9G

aie)

¥S'T 61°0 £8°0 or'T 40 6L°0 %LET 143 %96 [40)” EljusWwsg umouwiun
09'1T 060 0zt 1404 VA4 61°¢ %Sy ove %567 625 2Jed enusweQ
- - - - - %v'LT 9L %6 0% LEY 2/eJ eljuswag oN

ejuawaq
61°TE 596 SE€LT 00°5¢ 6CvT 9€'¢C %6 8L 98 %C 0T 60T +0S
18°€T €67 TA vS'ST 699 oc'ot %167 S91 %G'1€ 9€¢ 6%7-G¢
08'S 66T ov'e G6'S (0154 0L'€ %¥'CC 14 %9°CC e ¢-0T
- - - - - - %G9 T4 %8°GE 8¢ 0T Jopun

Ajpeded wnwixeln

12 %S6 12 oney lo) 12 oney (%) ea1qino s)ea1qinQ (%) sswoy SSWoH
Jddn %66 oMo piezeHq  %G64addn %G6 19MOT] piezeH yum sawoy jo uoipiodoid Jo JaquinN ||e Jo uoipiodoid J0 JaquinN
uoIssa.133y X0D 3|qeleAl}nin uoIssau8al X0D d|qelieAlun sisAjeue aAndidsaqg

UaJp|Iyd pue synpe 1oy Suisinu INOYIM 24ed papiaold pajiodal Yolym sawoy 4T sapnjax3 (T) -aunf £Z 0} Adeniga- 4g ‘Salep (pad
u1 pajy81ysiy soned paezey juediyiusis ‘a4ed Jo [9A3] pue adA} pue azis Aq pajsnipe pue apnud) [exdsoy woJy a84eydsip SUIMo||o4 s3ea4qino 4T-AIAQD dWoY aJed Joj soljel piezeH g J19VL



EMMERSON ET AL.

7 | wiLEy

TABLE 3 Outbreaks by care home capacity, within and outside of risk period, 22 February to 27 June 2020.

Days in Number of

Maximum capacity Risk period (7-21 d) study outbreaks
Under 10 Not in Risk Period 42 830 23
Within Risk Period 1148 2
10-24 Not in Risk Period 21020 43
Within Risk Period 4317 11
25-50 Not in Risk Period 19 716 105
Within Risk Period 8718 60
Over 50 Not in Risk Period 3850 45
Within Risk Period 2919 41
All Homes Not in Risk Period 87 417 216
Within Risk Period 17 102 114
Total All 104 519 330

matching of cases to discharges could be investigated to assess if a
case was the primary case discharged from hospital or a secondary
infection within the home. Further study will focus on understand-
ing how many homes care home staff worked in during the study pe-
riod, especially if agency staff were working across multiple homes
each week. Here, we focused on the timing of the first outbreak.
An analysis of the timeline of all cases is complicated by very lim-
ited information on the balance of internal and external exposure, as
well as changing testing practices. Such an analysis could shed light
on the time-dependent intensity of cases, and what external factors

may have been contributing to that.

5 | CONCLUSIONS AND
RECOMMENDATIONS

The requirement for a hospital patients to provide a negative RT-PCR
for SARS-CoV-2 remains in place at the time of writing (December
2020). The Welsh Government's Technical Advisory Group have re-
viewed testing criteria for those transferring from hospital to care
home settings with a recommendation that the current approach
continues.? Whilst the number of cases associated with care homes
stopped rising following the requirement to test on discharge,?*
the number of care home associated incidents began to rise again
in October, alongside increases in the number of new cases in the
community.?> This suggests that alternate sources for seeding resi-
dential care outbreaks should be investigated, including the risks to
and from staff and the overlap with other community transmission.

Larger homes were at considerably greater risk of COVID-19
outbreaks, but for the period studied, the risk was not significantly
increased in the period following a hospital discharge. Further anal-
yses should investigate the risk where discharges were confirmed or
probable cases of COVID-19, and also consider additional evidence
on likely chains of transmission that may become available from
sources such as greater record linkage and viral genetic sequence

data. Patients who are infectious with COVID-19 or other infections

Rate of
outbreaks per Lower 95% Upper 95%
1000d Confidence interval Confidence interval

0.54 0.34 0.76

1.74 0.21 5.48

2.05 1.48 2.64

2.55 1.27 4.22

5.33 4.36 6.26

6.88 5.25 8.53
11.69 8.53 14.99
14.05 10.08 18.22

2.47 2.15 2.76

6.67 5.50 7.79

3.16 2.83 3.46

can seed outbreaks into residential care and other settings, so strict
policies to test and isolate care home residents on transfer from
hospital are very important to avoid outbreaks. Some of the out-
breaks documented here may have been due to hospital discharges.
However, overall, these discharges were not a significant factor in
the spread of COVID-19 to residential care in Wales.
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