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S U M M A R Y

Background: The first epidemic wave of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) in Scotland resulted in high case numbers and mortality in care homes. In
Lothian, over one-third of care homes reported an outbreak, while there was limited
testing of hospital patients discharged to care homes.
Aim: To investigate patients discharged from hospitals as a source of SARS-CoV-2 intro-
duction into care homes during the first epidemic wave.
Methods: A clinical review was performed for all patients discharges from hospitals to
care homes from 1st March 2020 to 31st May 2020. Episodes were ruled out based on
coronavirus disease 2019 (COVID-19) test history, clinical assessment at discharge, whole-
genome sequencing (WGS) data and an infectious period of 14 days. Clinical samples were
processed for WGS, and consensus genomes generated were used for analysis using Cluster
Investigation and Virus Epidemiological Tool software. Patient timelines were obtained
using electronic hospital records.
Findings: In total, 787 patients discharged from hospitals to care homes were identified.
Of these, 776 (99%) were ruled out for subsequent introduction of SARS-CoV-2 into care
homes. However, for 10 episodes, the results were inconclusive as there was low genomic
diversity in consensus genomes or no sequencing data were available. Only one discharge
episode had a genomic, time and location link to positive cases during hospital admission,
leading to 10 positive cases in their care home.
Conclusion: The majority of patients discharged from hospitals were ruled out for intro-
duction of SARS-CoV-2 into care homes, highlighting the importance of screening all new
admissions when faced with a novel emerging virus and no available vaccine.

ª 2023 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article
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2019 (COVID-19) [1]. Care homes have a unique population con-
sisting of multi-disciplinary staff and many elderly residents who
are particularly susceptible to severe COVID-19 [2]. SARS-CoV-2
infections can spread more quickly within care homes than in
the surrounding community due to the number of residents, their
proximity and the level of nursing care required [3]. Around half
of the deaths reported in Scotland from COVID-19 have occurred
in care home populations, resulting in life expectancy in these
settings falling by 6 months [4]. One healthcare region, Lothian,
reported that over one-third of care homes had an outbreak
during the first epidemic wave [5]. These residents were identi-
fiedasparticularly susceptible to furtherepidemicwaveswithout
the protection of a vaccine or effective treatment [5].

Whole-genome sequencing (WGS) is a powerful tool that can
add another layer to epidemiological information, providing
insights into outbreak transmission dynamics and relatedness
between cases. Clusters of resident and staff cases which have
identical or very similar genomes have shown onward trans-
mission within care homes [2,6e8]. The number of intro-
ductions into a care home can be established, and both single
dominant clusters and multiple clusters were observed during
the first epidemic wave [7,9e11].

The source of SARS-CoV-2 introductions into care homes has
not been well studied to date. Potential sources include resi-
dents returning from hospitals, new residents from the com-
munity or other care homes, visitors and staff. It has been
suggested that staff working across different sites could
potentially be sources of introduction [12,13]. Discharged
patients have also been suggested, but these studies require
further investigation to answer the question [7,10]. A few
specific care home outbreaks have investigated sources of
introduction; however, larger studies to investigate sources for
care home outbreaks are lacking [8,14].

During the first epidemic wave, many hospital patients were
discharged back into care homes with limited testing available,
particularly in the initial stage of the pandemic [15]. Initially,
symptomatic cases alone were tested, before testing capacity
increased to screen all residents and staff in care homes. A
significant number of COVID-19 deaths in care homes were
recorded, and this has raised interest regarding patients dis-
charged from hospitals to care homes during that time. It is
possible that SARS-CoV-2 could have been introduced into care
homes following hospital discharge. This study of one health-
care region in Scotland aimed to assess whether, in the first
epidemic wave, SARS-CoV-2 may have been introduced into
care homes following the discharge of hospital patients using
WGS data and detailed epidemiological information.
Methods

Testing policy of care homes in the first epidemic wave
in Lothian

9th March 2020 e Polymerase chain reaction (PCR) testing of
thefirst fewresidentswith symptomsofCOVID-19 (cough, fever).

13th April 2020 e PCR testing of all residents with symptoms
of COVID-19.

26th April 2020 e Two negative PCR tests 1 day apart before
hospital discharge.

1st June 2020 e Screen all residents in care home weekly
with PCR test.
Clinical audit and epidemiology information

An internal reviewwas performed for all patients discharged
from hospitals to care homes in Lothian from 1st March 2020 to
31st May 2020. This involved an administrative and clinical audit
to identify discharged patients and the care homes to which
they were transferred. These were assessed to see if there was
possible acquisition of COVID-19. Cases were excluded from the
review if discharged patients were readmitted to hospital on
the same day or did not stay in hospital overnight. A review of
COVID-19 test history was performed for all discharged patients
during their hospital stay and after discharge in the care home.
A timeline review was performed to establish the chronology of
positive cases in each care home. A window of 14 days either
side of a patient’s discharge date was set, drawn from isolation
guidance, to determine the possibility of the virus being
acquired in hospital [16]. Therefore, a positive test within 14
days of hospital discharge could have been acquired in hospi-
tal, and led to introduction of the virus to their care home. A
clinical assessment of each discharged patient, where there
were subsequent positive cases in their care home, was per-
formed to assess the likelihood of COVID-19 at discharge.
Patient movements, and admission and discharge data were
obtained from clinical information in electronic patient records
to create care home outbreak timelines.
Ethics

Nasal and throat swab samples were obtained from NHS
Lothian following ethical approval from the biorepository bank
in NHS Lothian covering the sequencing of samples from March
2020 to December 2022 (20/ES/0061).
Whole-genome sequencing

In total, 300 combined nasal and throat swabs were pro-
cessed for WGS. Nucleic acid extraction was performed using
NUCLISENS EMAG (bioMérieux, Marcy l’Etoile, France). cDNA
was synthesized from extracted RNA using LunaScript RT
SuperMix (New England Biolabs, Ipswich, MA, USA). SARS-CoV-2
cDNAwas amplified using a tiled amplicon approach with ARTIC
Network nCoV-2019 primers (Integrated DNA Technologies,
Coralville, IO, USA) to generate material for WGS (https://
artic.network/resources/ncov/ncov-amplicon-v3.pdf). WGS
runs included negative extraction controls, non-template
controls, and a positive control derived from a viral culture
lysate extract diluted to a cycle threshold (Ct) value of
approximately 30.

A modified library preparation method was used from a pro-
tocol developedby the ARTIC network [17]. The protocol uses 48-
plex barcoding, a reduced volume of short fragment buffer for
bead washes, and the NEBNext UltraII Ligation Module (New
England Biolabs) for barcode attachment in a reduced reaction
size. Theconcentrationof cDNAand the volumepooled for clean-
up was increased in order tomaintain barcoding efficiency in the
reduced reaction size. Library pools were quantified, and 20 ng
was loaded on to R9.4.1 flow cells (Oxford Nanopore Tech-
nologies, Oxford, UK) and sequenced for 12 h on a GridION device
(Oxford Nanopore Technologies). Live high-accuracy base calling
and demultiplexing was performed with MinKnow Version
20.10.6, requiring barcodes at both ends of the reads.

https://artic.network/resources/ncov/ncov-amplicon-v3.pdf
https://artic.network/resources/ncov/ncov-amplicon-v3.pdf
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Genomics and cluster analysis

The ARTIC nCoV-2019 environment utilizing RAMPART
Version 1.1.0 was used to visualize read mapping in real time
(https://github.com/artic-network/rampart). The number
of reads and percentage coverage at 20x depth were used to
assess quality control before consensus building. Consensus
genomes were mapped to the Wuhan-Hu-1 reference
(Accession No. MN908947.3) and generated using the Artic
field bioinformatics pipeline (https://github.com/artic-
network/fieldbioinformatics). Pangolin Version 3.1.20 was
used to assign lineages (https://github.com/cov-lineages/
pangolin) [18]. Positive control material is designated
PANGO lineage B.1 and contains seven mutations (https://
clades.nextstrain.org) [19]. The consensus sequences for
this study and the accession numbers are provided in the
online supplementary material. Cluster analysis and
sequence comparisons were performed using Cluster Inves-
tigation and Virus Epidemiological Tool (CIVET) Version 3
(https://github.com/artic-network/civet) [20]. Background
data were obtained from the Medical Research Council (MRC)
Cloud Infrastructure for Microbial Bioinformatics (CLIMB)
COVID database. CIVET allows cluster analysis of closely
related sequences by putting them into the context of known
background diversity from global SARS-CoV-2 sequences
within their phylogenetic subtree. Genomes were considered
related if they differed by at least one single-nucleotide
polymorphism (SNP) and were collected within 14 days;
otherwise, they were unlikely due to direct transmission.

Results

A combined approach was taken to investigate hospital
discharge episodes as possible sources of introduction of SARS-
CoV-2 into care homes. Firstly, a clinical review of all hospital
discharges to care homes was performed to identify all patients
who could be a possible source of SARS-CoV-2 introduction
(Table I). Sequencing information for positive cases within the
identified care homes was then combined with clinical review
findings. Detailed timelines were created from clinical infor-
mation and, in combination with the CIVET output, the care
home outbreaks were described. Overall, 776 of 787 (99%)
hospital discharge episodes could be ruled out for subsequent
introduction of SARS-CoV-2 into care homes. This left 10 epi-
sodes where the findings were inconclusive, and one case with
Table I

Coronavirus disease 2019 test history for 787 discharge episodes to 13

Clinical review

group

Number of

episodes

Neg

before d

No reported cases in the care home 194
Care home cases >14 days after discharge 200
Care home cases <14 days after discharge 138
Cases in care home at discharge 255 1
Total 787 2

This table shows all hospital discharge episodes to care homes during the fir
had no reported cases, and 593 discharge episodes were to 69 care homes wi
hospital discharge date and were discharged to 21 care homes.
a Nine of these episodes had a negative test before discharge.
b Eight of these episodes had a negative test before discharge.
an identified genomic, time and location link to hospital inpa-
tients at the time of admission.

Clinical review

In total, 787 discharge episodes to 130 care homes were
identified from 732 patients, of which five patients had three
episodes and 10 patients had two episodes. Of these, 282 (36%)
episodes were negative before hospital discharge (Table I). One
hundred and ninety-four discharge episodes were ruled out
because theywere discharged to 61 care homeswith no reported
positive cases, and therefore no evidence of SARS-CoV-2 intro-
duction. There were 200 discharge episodes to care homes >14
days before the first positive casewas reported in the care home.
These episodes were ruled out based on the timeline of the
infectious period lasting no longer than 14 days.

There were 393 discharge episodes to care homes that
occurred <14 days before the first positive case or to a care
home with known positive cases, which therefore could not be
ruled out based on timelines. Of these, 194 (57%) had a neg-
ative test before discharge and another 32 episodes were
positive >14 days after the discharge date and so were ruled
out. In addition, 126 episodes were ruled out based on clinical
assessment of unlikely COVID-19 at discharge. The remaining
41 of 787 episodes were discharged to 21 care homes and were
positive �14 days of discharge, so were selected for further
analysis as possible SARS-CoV-2 introduction cases. These epi-
sodes were from 38 patients, including three patients who had
two discharge episodes.

Whole-genome sequencing

The 41 episodes that were potential introduction cases and
the 21 care homes to which they were discharged were inves-
tigated by combining the WGS data from care home cases with
information from the clinical review. In total, 300 of 545 (55%)
positive cases were sequenced (Table A1, see online supple-
mentary material). It was not possible to sequence the
remaining cases due to high Ct values on diagnostic real-time
PCR (>30), as the viral input RNA was too low for WGS. Most
cases clustered with related care home sequences and back-
ground community cases from the MRC CLIMB database. There
was evidence of multiple introductions in at least 13 of 21 care
homes, as these had clusters of different phylogenetic lineages
(Table A1, see online supplementary material).
0 care homes

ative

ischarge

No negative test

before discharge

Positive within

14 days of

discharge date

Positive >14

days after

discharge date

67 127 - -
21 179 - 37
38 100 8 19
56 99 33 21
82 505 41a 77b

st epidemic wave: 194 discharge episodes were to 61 care homes which
th positive cases. Forty-one episodes were positive within 14 days of the

https://github.com/artic-network/rampart
https://github.com/artic-network/fieldbioinformatics
https://github.com/artic-network/fieldbioinformatics
https://github.com/cov-lineages/pangolin
https://github.com/cov-lineages/pangolin
https://clades.nextstrain.org
https://clades.nextstrain.org
https://github.com/artic-network/civet
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Figure 1. Severe acute respiratory syndrome coronavirus-2 phylogenetic tree output from CIVET displaying sequences from Care Home 20
(CH20) and background data. Green, care home sequences; blue, background community sequences from the COG-UK dataset (location/
Sample_ID/date_collected). Care home sequences are from samples collected between 4th May 2020 and 2nd June 2020. The sequence
circled in red is the patient discharged from hospital, and was collected on 14th May 2020. The x-axis scale shows genetic divergence
[single-nucleotide polymorphisms (SNPs) per genome length]. All CH20 consensus sequences were very closely related and clustered
together with pangolin lineage B.1.1.14. There were 19 consensus genomes which were identical, and six consensus genomes displaying
two or fewer SNP differences.
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Figure 2. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) phylogenetic tree output from CIVET displaying sequences from
Care Home 1 (CH1) and background data. In total, it was possible to sequence 10 of 11 SARS-CoV-2-positive cases identified in CH1,
including the positive case discharged from hospital. Cluster analysis by CIVET showed nine CH1 sequences clustered with two hospital
inpatient cases. The x-axis scale shows genetic divergence [single-nucleotide polymorphisms (SNPs) per genome length]. Blue, care home
sequences; green, background sequences; red, patient discharged from hospital; orange, hospital inpatients. Collection dates for these
samples are shown in Figure 3. Data used from COG-UK dataset (location/Sample ID/date collected). There was one sequence from CH1
which was a different phylogenetic lineage to the other cases; however, this was the last positive case in the care home, and 12 days
apart from the previous positive case.
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Discharge episodes ruled out for SARS-CoV-2
introduction

In total, 30 of 41 discharge episodes were ruled out for SARS-
CoV-2 introduction because there was evidence that SARS-CoV-
2 had already been introduced to the care home. For 27 of
these episodes, SARS-CoV-2 infection was likely acquired from
outbreaks that were already present in the care homes
(Table I). For 16 episodes, cluster analysis showed that the
consensus genomes differed by at least one SNP from other
residents in the care home who had an earlier positive test.
These 16 episodes related to eight care homes, and an example
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Figure 3. Timeline of first discharge of patient to Care Home 1 (CH1) and related background cases in hospital. Day 1 is the first hospital
admission date for Resident 3 (discharged patient). Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)-positive tests are
represented by black dots (�), with hospital and care home locations by colour. During the first hospital admission for Resident 3,
Inpatient 1 and Inpatient 2 were on the same ward and positive for SARS-CoV-2 at the time. After Resident 3 was discharged back to CH1,
a further 10 positive cases were identified at CH1. This figure was created using modified R script (https://github.com/wlhamilton/
Patient-ward-movement-timelines). Both inpatients were discharged to private homes after admission. *Resident 3 died during their
second admission to hospital.
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for one care home is shown in Figure 1. In addition, 12 of these
episodes were positive prior to or within 2 days of hospital
admission. Cluster analysis was difficult for eight episodes with
no sequencing data, and three episodes that showed low
genomic diversity in the consensus genomes. However, eight
episodes were either positive prior to or within 2 days of hos-
pital admission, or were not the first positive case in the care
home. One patient had a negative test in the care home before
their positive test, and two patients were not admitted to
hospital and were only seen in the emergency department.

A further three episodes were ruled out based on likely
acquired infection from the community, as these were the first
positive cases in their respective care homes. In all three epi-
sodes, the consensus sequences clustered with community
cases from background data and no cases from hospital inpa-
tients, which suggests that SARS-CoV-2 was not introduced
from patients discharged from hospital (Figure A1, see online
supplementary material). One of these episodes was positive
prior to or within 2 days of hospital admission.
Discharge episode cluster with hospital cases

Cluster analysis for one of 41 discharge episodes to Care
Home 1 (CH1) showed the consensus sequence clustered with
other cases from this care home and two hospital inpatient
cases during the time of their hospital admission (Figure 2). The
discharged patient tested negative on hospital admission 3 days
prior to discharge, but was then readmitted 2 days after
discharge and was positive on readmission. During the first
hospital admission, Inpatient 1 and Inpatient 2 were on the
same ward as the discharged patient, with both inpatients
positive at the time. After the resident was discharged back to
the care home, a further 10 positive cases were identified in
the care home. A timeline of the movement of the discharged
patient is shown in Figure 3.

The discharged patient, care home cases and hospital
inpatients were infected with a virus of high genetic similarity,
with at least one SNP difference between the consensus
genomes (Figure A2, see online supplementary material).
Patient timeline and sequencing data suggest that transmission
may have occurred during the first hospital admission, so the
introduction of SARS-CoV-2 following the first discharge to CH1
cannot be ruled out. Additional sequences that clustered
together with CH1 sequences were from the community, but
these cases had positive tests after the discharged patient and
residents, suggesting that SARS-CoV-2 had already been intro-
duced to the care home.
Discharge episodes inconclusive

For 10 of 41 discharge episodes, the result was inconclusive
as to whether a patient discharged from hospital introduced an
outbreak into the care home. For three episodes, no sequence
data were available. The remaining seven episodes were
sequenced but the consensus genome displayed insufficient
diversity to investigate the source of introduction (Figure A4,

https://github.com/wlhamilton/Patient-ward-movement-timelines
https://github.com/wlhamilton/Patient-ward-movement-timelines
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see online supplementary material). Cluster analysis showed
limited diversity from background data, with many cases
clustering to sequences from around the world (USA, Mexico,
Australia), although they were unlikely to be linked. Therefore,
in these cases, it is difficult to investigate the source of
introduction as infection could have been acquired from either
the community or hospital. For two of these episodes, there
was evidence of no onward transmission in the care home, and
there were five discharges to care homes which already had an
outbreak.
Discussion

For the first epidemic wave, the question regarding the
introduction of SARS-CoV-2 into care homes by patients dis-
charged from hospital has long remained unanswered. This study
has shown that hospital introduction could not be ruled out fol-
lowing discharge to care homes for 11 of 787 discharge episodes.
In 10 discharge episodes, the result was inconclusive based on
limited sequencing information or low genetic diversity of SARS-
CoV-2. For one discharge episode, a genomic, time and location
link to hospital inpatients was identified. Most outbreaks were
therefore likely to be introduced by other sources.

CIVET was used to investigate care home outbreaks and
sources of introductions; this tool has been used to study
cluster analysis for outbreaks previously [20,21]. CIVETenabled
the comparison of sequences within the care home and with
background data to identify possible community or hospital
genetically related cases. The mutation rate of SARS-CoV-2 was
estimated to be approximately two mutations per month on
average during the pandemic period [22]. Therefore, in this
study, cases within 14 days were classified as potentially linked
if the consensus genomes differed by at least one SNP, in
agreement with other studies [14,23e25]. The study findings
agree with others suggesting that there were single and mul-
tiple clusters in the first epidemic wave [9,14].

It was possible to rule out most hospital discharges as
potential sources of introduction of SARS-CoV-2 into care
homes based on the clinical review and the infectious period
lasting <14 days [16,26]. If SARS-CoV-2 was introduced into a
care home at hospital discharge, one would expect to see
positive cases in the care home within 14 days. As found in the
present study, Hamilton et al. showed that most patients dis-
charged from hospital were not infectious at the time of dis-
charge [7].

The addition of WGS analysis enabled hospital discharge
episodes to be ruled out as sources of SARS-CoV-2 introduction
into care homes as these episodes had a consensus genome that
clustered with sequences from an outbreak already in the care
home or community cases. Most episodes were positive prior to
or within 2 days of hospital admission, so the discharged
patient likely acquired the virus from the outbreak in the care
home before hospital admission. However, they could still have
been infectious when discharged to the care home. These
episodes were ruled out on the basis that SARS-CoV-2 had
already been introduced into the care home. The prevalence in
the community was likely very high during the first epidemic
wave, as no vaccines were available at the time. A large study
by Emerson et al. showed that care home outbreaks were not
associated with hospital discharge, and this agrees with the
present finding of likely introduction from other sources [27].
The sequencing data from most care homes show clusters of
care home cases with background community cases rather than
hospital cases, indicating that community introduction was far
more likely. Other studies have shown that most infections in
care homes are community acquired [7,10].

For one discharge episode, CIVET revealed two hospital
inpatient sequences within the same cluster as CH1 sequences.
Further review of patient timelines showed that the discharged
patient was located on the same ward as two inpatients with a
consensus genome of high similarity. It is known that direct
contact between individuals is a key factor in transmission [28].
As there was evidence of the discharged patient being the link
between cases in the hospital and cases in the care home,
hospital introduction could not be ruled out. Van Den Besselaar
et al. also suggested the introduction of SARS-CoV-2 into a care
home by a patient discharged from hospital using WGS data,
where clustering was found between cases in residents and a
hospital outbreak [8].

For 10 discharge episodes, it was not possible to assess
whether SARS-CoV-2 was introduced to a care home by a
patient discharged from hospital as the results were incon-
clusive. Low genetic diversity among positive cases during the
first epidemic wave is well known because SARS-CoV-2 has only
emerged recently in the human population [29,30]. Therefore,
WGS could not add any further information to these inves-
tigations, as the introduction could have come from any
source. Five discharge episodes were not the first positive case
identified in the care home. However, it was possible there
could have been multiple introductions, so these episodes
could not be ruled out for discharge introduction.

A limitation of this study is that some patients discharged
from hospital were not tested for COVID-19 due to limited
availability of testing at the early stages of the pandemic.
However, those that were symptomatic or had clinical suspi-
cion of COVID were tested. It is possible that asymptomatic-
positive patients discharged from hospital could have intro-
duced SARS-CoV-2 to care homes, as suggested by Jeffery-
Smith et al. [23]. The present study relates to a period
before vaccines were introduced, and when asymptomatic
infection was less likely in older generations compared with
younger generations [31]. There has been evidence of asymp-
tomatic infections in care home residents, and this led to the
recommendation for regular screening [3,6,32,33]. However, in
these outbreaks, there are nearly always symptomatic cases,
which suggests that if SARS-CoV-2 is introduced into this pop-
ulation, there will be a symptomatic case. Additionally, cases
which were initially thought to be asymptomatic were, in fact,
pre-symptomatic, as they developed symptoms after testing
[3,33]. Many of the episodes that were not tested at hospital
discharge in the present study were discharged to care homes
with no reported cases [5].

Identifying all positive care home residents is a challenge as
data systems can have poor data quality, and it remains
unlikely that all hospital discharges to care homes in the period
have been captured. Another limitation is the number of cases
unable to be sequenced due to low RNA input for sequencing or
because residents were missed. The analysis is incomplete for
some outbreaks, and it is possible that multiple introductions
may not have been identified. However, not every case is
needed to rule out the introduction of SARS-CoV-2 into care
homes from patients discharged from hospital, as shown in the
present study.
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This study highlights the importance of utilizing a combined
approach of epidemiology and WGS to tackle investigations of
sources for SARS-CoV-2 outbreaks. WGS can add another layer
to investigations by revealing similarities and differences
between consensus genomes. This information can link or rule
out cases which would otherwise remain concealed. Under-
standing how SARS-CoV-2 was introduced can help to prevent
further outbreaks in a very vulnerable population, and identify
areas to improve infection control.

In conclusion, this study found that most outbreaks in care
homes in the first wave were not sourced by patients dis-
charged from hospital. Infection control strategies should focus
on all admissions and sources into the care home when faced
with a novel emerging virus without a vaccine. This study has
shown that, for future outbreaks, it is possible to combine
clinical and sequencing information to investigate the source of
virus introduction.
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[22] Peñarrubia L, Ruiz M, Porco R, Rao SN, Juanola-Falgarona M,
Manissero D, et al. Multiple assays in a real-time RT-PCR SARS-
CoV-2 panel can mitigate the risk of loss of sensitivity by new
genomic variants during the COVID-19 outbreak. Int J Infect Dis
2020;97:225e9.

https://doi.org/10.1016/j.jhin.2023.02.010
https://ltccovid.org/2020/04/12/mortality-associated-with-covid-19-outbreaks-in-care-homes-early-international-evidence/
https://ltccovid.org/2020/04/12/mortality-associated-with-covid-19-outbreaks-in-care-homes-early-international-evidence/
https://ltccovid.org/2020/04/12/mortality-associated-with-covid-19-outbreaks-in-care-homes-early-international-evidence/
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref2
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref2
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref2
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref2
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref3
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref3
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref3
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref3
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref4
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref4
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref4
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref4
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref5
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref5
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref5
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref5
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref5
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref6
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref6
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref6
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref7
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref7
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref7
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref8
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref9
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref9
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref9
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref9
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref10
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref10
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref10
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref10
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref10
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref11
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref12
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref13
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref13
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref13
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref13
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref14
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref15
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref15
https://www.hps.scot.nhs.uk/covid-19-guidance-archive/guidance-for-stepdown-of-infection-control-precautions-and-discharging-covid-19-patients-from-hospital-to-residential-settings/
https://www.hps.scot.nhs.uk/covid-19-guidance-archive/guidance-for-stepdown-of-infection-control-precautions-and-discharging-covid-19-patients-from-hospital-to-residential-settings/
https://www.hps.scot.nhs.uk/covid-19-guidance-archive/guidance-for-stepdown-of-infection-control-precautions-and-discharging-covid-19-patients-from-hospital-to-residential-settings/
https://www.hps.scot.nhs.uk/covid-19-guidance-archive/guidance-for-stepdown-of-infection-control-precautions-and-discharging-covid-19-patients-from-hospital-to-residential-settings/
https://www.protocols.io/view/ncov-2019-sequencing-protocol-v3-locost-bp2l6n26rgqe/v3
https://www.protocols.io/view/ncov-2019-sequencing-protocol-v3-locost-bp2l6n26rgqe/v3
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref18
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref18
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref18
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref19
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref19
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref19
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref20
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref20
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref20
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref21
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref21
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref21
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref21
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref21
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref22


S. Cotton et al. / Journal of Hospital Infection 135 (2023) 28e3636
[23] Jeffery-Smith A, Dun-Campbell K, Janarthanan R, Fok J, Crawley-
Boevey E, Vusirikala A, et al. Infection and transmission of SARS-
CoV-2 in London care homes reporting no cases or outbreaks of
COVID-19: prospective observational cohort study, England 2020.
Lancet Reg Health Eur 2021;3:100038.

[24] Paltansing S, Sikkema RS, de Man SJ, Koopmans MPG. Oude
Munnink BB, de Man P. Transmission of SARS-CoV-2 among
healthcare workers and patients in a teaching hospital in the
Netherlands confirmed by whole-genome sequencing. J Hosp
Infect 2021;110:178e83.

[25] Turcinovic J, Schaeffer B, Taylor B, Bouton T, Odom-Mabey A,
Weber S, et al. Understanding early pandemic SARS-CoV-2 trans-
mission in a medical center by incorporating public sequencing
databases to mitigate bias. J Infect Dis 2022;226:1704e11.

[26] Lauer S, Grantz K, Bi Q, Jones F, Zheng Q, Meredith H, et al. The
incubation period of coronavirus disease 2019 (COVID-19) from
publicly reported confirmed cases: estimation and application.
Ann Intern Med 2020;172:577e82.

[27] Emmerson C, Adamson JP, Turner D, Gravenor MB, Salmon J,
Cottrell S, et al. Risk factors for outbreaks of COVID-19 in care
homes following hospital discharge: a national cohort analysis.
Influenza Other Respir Viruses 2021;15:371e80.
[28] Ellingford JM, George R, McDermott JH, Ahmad S, Edgerley JJ,
Gokhale D, et al. Genomic and healthcare dynamics of nosoco-
mial SARS-CoV-2 transmission. ELife 2021;10:e65453.

[29] van Dorp L, Acman M, Richard D, Shaw LP, Ford CE, Ormond L,
et al. Emergence of genomic diversity and recurrent mutations in
SARS-CoV-2. Infect Genet Evol 2020;83:104351.

[30] Villabona-Arenas C, Hanage W, Tully D. Phylogenetic inter-
pretation during outbreaks requires caution. Nat Microbiol
2020;5:876e7.

[31] Syangtan G, Bista S, Dawadi P, Rayamajhee B, Shrestha L,
Tuladhar R, et al. Asymptomatic SARS-CoV-2 carriers: a system-
atic review and meta-analysis. Front Public Health
2021;8:587374.

[32] Kennelly S, Dyer A, Noonan C, Martin R, Kennelly S, Martin A,
et al. Asymptomatic carriage rates and case fatality of SARS-CoV-
2 infection in residents and staff in Irish nursing homes. Age
Ageing 2021;50:49e54.

[33] Kimball A, Hatfield K, Arons M, James A, Taylor J, Spicer K, et al.
Asymptomatic and presymptomatic SARS-CoV-2 infections in
residents of a long-term care skilled nursing facility e King
County, Washington, March 2020. MMWR Morb Mortal Wkly Rep
2020;69:377e81.

http://refhub.elsevier.com/S0195-6701(23)00067-1/sref23
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref23
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref23
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref23
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref23
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref24
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref25
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref25
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref25
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref25
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref25
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref26
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref26
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref26
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref26
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref26
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref27
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref27
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref27
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref27
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref27
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref28
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref28
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref28
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref29
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref29
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref29
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref30
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref30
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref30
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref30
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref31
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref31
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref31
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref31
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref32
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref32
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref32
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref32
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref32
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33
http://refhub.elsevier.com/S0195-6701(23)00067-1/sref33

	Investigation of hospital discharge cases and SARS-CoV-2 introduction into Lothian care homes
	Introduction
	Methods
	Testing policy of care homes in the first epidemic wave in Lothian
	Clinical audit and epidemiology information
	Ethics
	Whole-genome sequencing
	Genomics and cluster analysis

	Results
	Clinical review
	Whole-genome sequencing
	Discharge episodes ruled out for SARS-CoV-2 introduction
	Discharge episode cluster with hospital cases
	Discharge episodes inconclusive

	Discussion
	Acknowledgements
	Conflict of interest statement
	Funding sources
	Appendix A. Supplementary data
	References


