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Appendix 1 

 2 

Summary of major results from each study 3 

A summary of each major study is presented below, grouped alphabetically by country. 4 

 5 

South East Netherlands 37 6 

A study 37 of staff at LTCFs was done in March-April 2020 in south east Netherlands to 7 

understand their potential role in the spread of COVID-19 amongst residents in LTCFs. Staff 8 

members and a number of residents with mild respiratory symptoms were targeted for 9 

testing using rRT-PCR. The policy at the time was for staff with mild respiratory symptoms to 10 

wear a mask and still attend for work.  At this point in time symptoms of COVID-19 and 11 

asymptomatic spread of SARS-CoV-2 were poorly understood. 12 

 13 

A high prevalence of positive tests was found amongst staff at LTCFs, with 133 (21%) of 14 

those tested being positive; these were predominantly those providing care directly (nursing 15 

74%, 1% physicians, 20% other health care workers) but also staff without patient contact 16 

(3%). Whilst the original intention was to test staff with mild respiratory symptoms, many 17 

staff with moderate symptoms were identified. Twenty-two samples from staff and residents 18 

at two LTCFs were selected for sequencing using an amplicon method, similar to ARTIC. 19 

Phylogenetic analysis indicated that the samples clustered by LTCF, with the exception of a 20 

single sample which represented a second introduction in one LTCF. Data is not in public 21 

archives and only available on request from the authors. 22 

 23 

South Holland, Netherlands 33 24 

A study 33 was done to investigate an outbreak at a single LTCF in South Holland in the 25 

Netherlands from April to June 2020. A resident tested positive for SARS-CoV-2 after 26 

discharge from hospital, seeding an outbreak at the LTCF. This was confirmed by 27 



   

 

   

 

sequencing 60 samples from staff and residents at the LTCF and from the epidemiologically 28 

linked hospital ward where the LTCF resident had been an inpatient. All genomes clustered 29 

together, with some forming two sub-clusters, confirming the relatedness of the outbreaks. 30 

Sequencing helped to understand transmission patterns which would not have been 31 

observed using traditional epidemiological techniques. Of the residents tested for SARS-32 

CoV-2 using rRT-PCR, 113 (62.4%) were positive; only four declined to be tested. Residents 33 

who tested positive were more likely to be older and have cognitive impairment compared 34 

with those that tested negative. 35 

 36 

Of the staff tested, 73 (20.8%) were positive; 34 (9%) declined to be tested. A large 37 

percentage of staff (65%) reported working while symptomatic. There was no difference in 38 

Ct values between symptomatic, pre-symptomatic and asymptomatic individuals, where pre-39 

symptomatic is defined as individuals who were asymptomatic at the point of testing, but 40 

later developed symptoms. The sequence data is not available in the public archives and 41 

only available on request from the authors. 42 

 43 

East of England study, UK 26 44 

A large-scale surveillance study of SARS-CoV-2 positive cases was done in the East of 45 

England, UK, between February and May 2020 26, with genomic analysis of samples from 46 

292 LTCFs (residential and nursing homes). This is considerably larger than previous 47 

studies and linked epidemiological data with genomic data. Included in the study were 7,406 48 

samples that tested positive for SARS-CoV-2 from 6,600 patients. Of these 1,167 / 6,413 49 

(18.2%) of the study population were residents in 337 LTCFs. From these 193 / 337 (57.3%) 50 

were residential homes and 144 / 337 (42.7%) were nursing homes, mainly located in five 51 

counties in the East of England (Cambridgeshire, Bedfordshire, Essex, Hertfordshire and 52 

Suffolk). This represents around half of the care homes in the region that had reported 53 

suspected or confirmed COVID-19 outbreaks to PHE at the time. Diagnostic samples were 54 



   

 

   

 

tested at the Public Health England (PHE) Clinical Microbiology and Public Health 55 

Laboratory (CMPHL) at Cambridge University Hospitals NHS Foundation Trust. Samples 56 

were sequenced in the Division of Virology, Department of Pathology, University of 57 

Cambridge, as part of the COVID-19 Genomics Consortium UK (COG-UK).  58 

 59 

The investigators found 409 distinct viral clusters in 292 LTCFs, corresponding to 60 

approximately half of all the LTCFs in the region that had reported outbreaks. Multiple 61 

potential transmissions between residents and staff were identified using genomic data. 62 

Multiple clusters per care home suggested that independent introductions were common and 63 

that within-care home transmission occurred frequently. The median number of cases per 64 

care home was two (range 1 - 22), with ten (3%) LTCFs with the highest numbers of cases 65 

accounting for 22% of all cases. There was evidence of large-scale outbreaks of identical or 66 

near identical (≤ 1SNP difference) lineages in care homes with the largest numbers of 67 

genomes. A median of eight SNPs separated genomes within LTCFs, compared with a 68 

median of nine SNPs for a random selection of non- LTCFs samples, indicating that 69 

genomic diversity amongst positive samples from LTCFs was similar to that from non- 70 

LTCFs samples. There were two LTCFs, located within 1km of each other, that had probable 71 

inter- LTCF transmission, with links to the same paramedics and shared carers. The 72 

genomes present in each had zero SNP differences, with only 2 days between the times that 73 

samples were taken. By combining epidemiological and genomic data it was possible to 74 

confirm a high probability of transmission. Admission and patient movement data were 75 

highlighted as a priority for investigation in relation to transmission. 76 

 77 

The proportion of LTCF residents testing positive increased as general transmission 78 

decreased during lockdown, although it should be noted that sample collection strategies 79 

changed during the study period. Cases in LTCFs appeared more resistant to non-80 

pharmaceutical intervention (NPI) measures. The study investigators also examined links 81 

between LTCFs cases and hospital admissions (Hamilton, personal communication). During 82 



   

 

   

 

the study period 470 / 694 (67.7%) of LTCF residents had at least one hospital admission, 83 

and 398 / 694 (57.3%) were admitted to hospital with COVID-19 infection. 40 / 694 (5.8%) 84 

cases were categorised as suspected hospital-acquired COVID-19 infections. Furthermore, 85 

230 / 694 (33.1%) of individuals were discharged from hospital within seven days of their 86 

first positive test, and could therefore have been infectious at the time of hospital discharge. 87 

Limiting the spread of SARS-CoV-2 between hospitals, healthcare workers and LTCF 88 

residents should be an urgent infection control and public health priority.  89 

 90 

During the study period, no new viral lineages from outside the UK were observed in the 91 

entire dataset; this included genomes from LTCF and non-LTCF samples, suggesting travel 92 

restrictions had been successful in minimising new importations. The genome sequencing 93 

was based on the ARTIC protocol (https://www.protocols.io/view/ncov-2019-sequencing-94 

protocol-bbmuik6w) utilising Nanopore and Illumina sequencing platforms as part of the 95 

COG-UK consortium. Overall, viral sequence data was not available for 40% of samples 96 

from LTCF residents testing positive; this was due to a combination of missing samples, 97 

mismatches between metadata and sequences, genomes not passing quality control, or 98 

sequencing being unavailable at the time of analysis. This highlights the practical difficulties 99 

in undertaking genomic surveillance when there are large numbers of samples. Despite 100 

availability of: all the consensus genomes in the database; the Global Initiative on Sharing 101 

All Influenza Data (GISAID) 31; and al the raw data in the European Nucleotide Archive 102 

(ENA), the links between LTCF samples used for the analysis were not available (for 103 

reasons of patient confidentiality), although they may be requested from the authors. 104 

 105 

Norfolk, UK 27 106 

A large-scale surveillance study 27 was undertaken in Norfolk, UK from March to August 107 

2020 as part of the COG-UK consortium. A total of 42% (n=1,035) of all samples from 108 

SARS-CoV-2 positive cases from the hospital testing system within the region (covering 109 



   

 

   

 

hospitals, LTCF, health care workers) were sequenced.  An outbreak in one LTCF was 110 

investigated using data from genome sequencing of samples that had been prospectively 111 

collected. It was noted that the genomes from this LTCF were identical to each and formed a 112 

distinct sub lineage that included genomes from additional cases clustered in small 113 

geographical areas around the LTCF within a short period of time (between 8 April and 1 114 

June 2020). As most of these additional cases were in older people (>85 years old), it was 115 

suspected that they represented LTCF clusters. It was later confirmed that the sub lineage 116 

was circulating in six LTCFs.  117 

 118 

There were 90 cases caused by this sub lineage, of which 64 were known to be LTCF 119 

residents, nine were healthcare workers, and three were family members of healthcare 120 

workers. The majority of the LTCF infections were community-acquired. Twelve of these 121 

cases were admitted to a hospital (two were admitted twice to three different hospital trusts). 122 

Six had a community-acquired infection, testing positive within seven days of admission, 123 

three were inconclusive due to missing data, one had a probable hospital-acquired infection 124 

and tested positive within seven days of discharge, and two had a definite hospital-acquired 125 

infection (https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-126 

prevention-and-control/epidemiological-definitions-of-outbreaks-and-clusters-in-particular-127 

settings).  All LTCF residents with hospital-acquired infections were tested prior to 128 

discharge, suggesting that the adult social care IPC Department of Health and Social Care 129 

measures announced in May (which required this) were being followed. In the time period 130 

covered by the study, while patients required a test before they could be discharged to a 131 

LTCF, a positive test did not preclude them from returning to the LTCF just that adequate 132 

IPC measures needed to be taken. Given that some of this cohort of patients tested positive 133 

for community-acquired infections in May, a number of weeks after the adult social care IPC 134 

Department of Health and Social Care measures were announced, suggests that these 135 

measures may not have been sufficient. 136 

 137 

https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/epidemiological-definitions-of-outbreaks-and-clusters-in-particular-settings
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/epidemiological-definitions-of-outbreaks-and-clusters-in-particular-settings
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/epidemiological-definitions-of-outbreaks-and-clusters-in-particular-settings


   

 

   

 

This multi- LTCF outbreak was only identified using genomic epidemiology and the links 138 

between LTCFs were unknown prior to this investigation. The sub lineage involved was not 139 

detected in cases identified as part of community testing. This study indicated inter- LTCF 140 

transmission was likely. The initial seeding events were unknown. A limitation of the study is 141 

that the collection date of a sequenced sample may not be the first positive test for that 142 

case.  All data analysed as part of this study is detailed in the preprint, with accession 143 

numbers for each sample linked to accession numbers for the public archives, which 144 

enables reanalysis.   145 

  146 

London four study, UK 20 147 

An investigation of an outbreak in four LTCFs in London was done in April 2020 20. 148 

Residents were tested for SARS-CoV-2 by rRT-PCR at two time points one week apart; 149 

residents who were initially positive were not re-tested. Of all those residents tested 126 150 

(40%) were positive; of these 54 (42.9%) were asymptomatic. There was a high COVID-19 151 

mortality rate (26%) amongst residents during the study period. In terms of ethnicity, 18.5% 152 

of the residents were Black, Asian and minority ethnic (BAME) and the mortality rate for 153 

these residents was similar to that of white residents.  154 

 155 

A subset (n=70, 11%) of asymptomatic staff at three of the four LTCFs were offered SARS-156 

COV-2 testing. Only three (4%) out of 70 tested positive, but it was noted that staff absence 157 

rates due to sickness or self-isolation were more than twice the normal rate during the study 158 

period. Furthermore, three different diagnostic platforms were used for testing, including one 159 

with a lower sensitivity than the others. These changes in methodology may have affected 160 

the reliability of the study results.  161 

 162 

In terms of sequencing, samples from one staff member and 17 (19 reported in the 163 

manuscript) residents were sequenced. However, samples that were sequenced were not 164 



   

 

   

 

representative of all the LTCFs; there was only one sample sequenced from one LTCF and 165 

only two samples sequenced from a second LTCF. The bioinformatics methods used 166 

(assembling amplicons) is generally regarded as poor practice and likely to result in errors in 167 

the sequences generated. Furthermore, no sequencing data were publicly available, 168 

precluding reanalysis of the primary data. 169 

 170 

The genomic data identified a cluster with one staff member and two residents at a single 171 

care home. Most of the samples clustered by care home, and visual inspection of the 172 

phylogenetic tree presented indicates there were two clusters in each of two care homes, 173 

although this was not entirely clear from the data presented. The data were compared to a 174 

random selection of UK samples to provide background context and help to show separation 175 

between clusters. 176 

 177 

London six study, UK 21 178 

A study of six London (UK) LTCFs experiencing COVID-19 outbreaks was done over the 179 

Easter weekend (10-12 April, 2020) 21,38. The LTCSs in this region had outbreaks of COVID-180 

19 early on in the UK epidemic, before there was full recognition of the extent of community 181 

transmission and the frequency of asymptomatic transmission. The study was of 518 182 

individuals and included both staff and residents; 105 residents and 53 staff tested positive 183 

for SARS-CoV-2 using rRT-PCR. Virus was cultured by Public Health England Colindale to 184 

ascertain infectivity and patients were tested serologically for evidence of previous infection 185 

35. 186 

 187 

Of those who tested positive for SARS-CoV-2 there was a high percentage of asymptomatic 188 

cases amongst staff (49%, n=26) and residents (44%, n=46), indicating that symptom 189 

screening has low sensitivity. Detection of outbreaks was often delayed if based on 190 

symptoms as, by then there were already high rates of asymptomatic infection in both staff 191 



   

 

   

 

and residents. The rRT-PCR cycle threshold values (Ct), which indicate SARS-CoV-2 viral 192 

load, were similar across different age groups, and between symptomatic and asymptomatic 193 

cases. Infectivity in culture was also similar across different age groups, and between 194 

symptomatic and asymptomatic cases. A high percentage of cases with symptoms tested 195 

negative by rRT-PCR (15%, n=24 residents; 9%, n=19 staff). This may indicate that: 196 

sampling was inadequate; viral loads were too low to be detected (early/late infection); or 197 

that diagnostic screening by rRT-PCR with a single target gene may underestimate infection. 198 

Residents who were symptomatic and tested positive by rRT-PCR had a higher mortality 199 

rate than those who were symptomatic and tested negative by rRT-PCR (36% versus 4%). 200 

 201 

Genome sequencing of 99 out of 158 cases that tested positive (62%) revealed two distinct 202 

lineages 39 predominantly B.1 and B.2.1, two of the most common UK lineages. All six 203 

LTCFs had both lineages, and genomes from both staff and residents were interspersed 204 

throughout the phylogenetic tree, likely due to the low genetic diversity of SARS-CoV-2 205 

genomes in April, 2020. To provide genomic context we examined the publicly available 206 

virus genomes from the COVID-19 Genomics Consortium UK that had been collected in the 207 

week before and the week after the Easter weekend (5 - 19 April 2020) in the Greater 208 

London region. At this time, diagnostic testing was directed towards people with symptoms, 209 

so may not have been representative of community spread, but did provide an indication of 210 

the virus diversity within this small geographic region. A total of 44 lineages were observed 211 

from 617 genomes, including the London Six genomes. However, the London Six 212 

publications did not provide sample accession numbers so it was not possible to identify 213 

them within the public archives. The most common lineages in Greater London at the time 214 

were B.1.1.1 (n=298, 48%) followed by B.1 (n=90, 14%), B.2.1 (n=78, 13%) and B.1.5 215 

(n=21, 3%).  216 

 217 

The study found that there were up to nine separate introductions into a single LTCF. 218 

Reanalysis for this review indicates that there was more sequence diversity than expected 219 



   

 

   

 

for samples from the Easter time period, and the number of introductions into a single LTCF 220 

was likely to be six rather than nine. This over-estimation of introductions and sequencing 221 

diversity was caused by some poor-quality sequence data, including missing data, leading to 222 

bioinformatics artefacts. Had there been a high level of introductions into a single LTCF we 223 

would expect to observe more lineages, particularly the most common lineage for the region. 224 

The raw sequencing data and genomes are available in the public archives, however the 225 

specific samples used for this study were not detailed in the papers to maintain patient 226 

confidentiality. This limits public reanalysis. 227 

 228 

Boston, USA 25 229 

A large community surveillance study was conducted between January and May 2020 in 230 

Boston, USA 25. In this study 850 SARS-CoV-2 positive samples underwent direct 231 

sequencing using Illumina, with reference-guided assembly. Over 80 introductions were 232 

estimated to have occurred in the region over the study period.  233 

 234 

A sub-study conducted in April 2020 analysed an outbreak in a single LTCF, where a 235 

planned relocation of residents led to universal screening of residents and staff for SARS-236 

CoV-2. Out of those tested 82 (85%) residents and 36 (37%) staff tested positive. A total of 237 

83 (67%) genomes were sequenced. From these 75 (90%) genomes formed a single 238 

closely-related cluster; 59 were identical (no SNP differences) and shared a distinct mutation 239 

(G3892T) with unknown significance. Genome sequencing indicated a recent introduction 240 

from a single source. Estimates for the most recent common ancestor allowed the authors to 241 

estimate that the time from introduction to widespread positive testing in residents was 2 - 3 242 

weeks. Two additional introductions (three genomes each) were also observed but did not 243 

disseminate widely. The three introductions highlight the risk of introduction into a high-risk 244 

setting, despite strict infection control measures which had been in place from two weeks 245 

prior to the estimated introduction date. By tracking the mutation distinct to this outbreak as 246 



   

 

   

 

part of continued regional surveillance and sequencing indicated that there was little onward 247 

spread from this initial superspreading event. The raw read sequence data and the 248 

assembled genomes are deposited in the public archives (NCBI), allowing for reanalysis. 249 

 250 

California, USA 29 251 

A four-week prospective surveillance study was done on 192 patients with COVID-19 in a 252 

hospital in Los Angeles, California, USA between March and April 2020 29. Genome 253 

sequencing found that 85% of genomes were European lineages and 15% were Asian, 254 

indicating multiple sources of introduction. Out of all the samples, 113 (69%) yielded 255 

genomes of sufficient quality for use in phylogenetic analysis (>50% reconstructed 256 

consensus genome). The percentage of the genome that could be reconstructed was closely 257 

correlated with the number of viral copies in the primary sample. 258 

 259 

From phylogenetic analysis of the sequenced SARS-CoV-2 genomes, a cluster of ten 260 

patients was identified: five of these were residents from a single LTCF, while the other five 261 

were associated with a LTCF one block away (three staff members, a family member of a 262 

resident and one resident). Another related case was identified in a person living near one of 263 

the LTCFs. Genome sequencing was used to establish connections between these cases; 264 

the genomes were identical (or near identical) to each other and belonged to lineage B.1. In 265 

total the study identified three large clusters, only one of which included genomes from a 266 

LTCF. This study demonstrates the effectiveness of prospective surveillance in detecting 267 

and linking outbreaks in LTCFs, and thus enhancing contact tracing efforts. The data are 268 

deposited in GISAID, with samples clearly described allowing for reanalysis. 269 

 270 

Colorado, USA 16 271 

A prospective surveillance study of staff at five LTCFs was done over a six-week period in 272 

Colorado, USA 16. This involved consecutive testing for SARS-CoV-2 in staff at five LTCFs 273 



   

 

   

 

to investigate the prevalence of asymptomatic and pre-symptomatic positive tests. Staff 274 

voluntarily enrolled and were swabbed weekly throughout the study period, including if they 275 

developed symptoms. Staff with and without direct contact with residents were included in 276 

the study. A total of 70 staff members tested positive and rates of infection varied between 277 

LTCFs. The median number of consecutive weekly positive tests was 2 (range 1 to 5), 278 

indicating a detection window in the nasopharynx of most people of at least 8 days. Some 279 

individuals tested positive for five consecutive weeks, and some tested positive 280 

intermittently. The levels of viral RNA tended to decline over the duration of infection and 281 

corresponded to low levels of infectious virus in culture. 282 

 283 

A total of 48 genomes from positive samples were sequenced, ten of which came from five 284 

staff members collected over two consecutive weeks. The ARTIC amplicon protocol was 285 

used, with Illumina sequencing; gaps in the consensus sequences were filled with bases 286 

from the reference genome, so the results should be treated with caution. Of those 287 

sequenced, 36 genomes from one LTCF clustered together, and a further five clustered with 288 

another LTCF. Transmission within the workplace was likely, but community transmission 289 

could not be ruled out. Of the five staff members with two sequenced genomes each, three 290 

had genomes that differed in SNPs between the two consecutive samples; this high rate of 291 

within-host mutation is likely to be due to a bioinformatics error associated with filling gaps 292 

with bases from the reference genome. The sequence data are not publicly available and 293 

could not be reanalysed. 294 

 295 

Minnesota, USA 32 296 

A prospective surveillance study was done in two LTCFs experiencing COVID-19 outbreaks 297 

between April and June 2020 in Minnesota, USA 32. Residents (n=261) and  staff (n=480) 298 

were offered SARS-CoV-2 testing up to six times and, once they tested positive, were not 299 

re-tested. Participation rates in testing varied by LTCF, with 17% of residents in one refusing 300 



   

 

   

 

to be tested initially. Of those that were tested, 165 (64%) residents tested positive, 33 of 301 

these (20%) were hospitalised and 52 (31%) died. Residents testing positive were isolated in 302 

a COVID-19 specific unit, but this had no impact on overall transmission as indicated by the 303 

continued identification of positive cases throughout the study. This study demonstrated the 304 

utility of serial (repeated) sampling of the same individuals for detecting new cases as they 305 

occurred, with the detection of new cases rapidly diminishing throughout the study. 306 

 307 

Severe challenges were encountered with staff testing. Staff were reluctant to participate 308 

(71%), and when they did, did so only once. Overall, 114 (33%) staff tested were positive, of 309 

which 58 (51%) were symptomatic and working on the day of testing. Of those staff testing 310 

positive, 41 (12%) were not involved directly in care provision. There were delays of up to 12 311 

days in obtaining test results, with staff incurring financial losses if they self-isolated without 312 

a positive test. Four staff members were hospitalised and two staff members died. 313 

 314 

In this study genomes from 105 samples were sequenced using the ARTIC protocol. 315 

Genomes were clustered into two groups separated by LTCF (i.e all genomes in one cluster 316 

were from residents and staff of one LTCF while all genomes in the other cluster were from 317 

residents and staff of the other LTCF); this indicates within-home transmission and no 318 

evidence for transmission between LTCFs. Only 37% of positive samples were available for 319 

sequencing; samples from early in the outbreaks were missing. However, this was sufficient 320 

to be reasonably confident of the underlying clusters and dynamics observed. In one LTCF 321 

there appeared to be a second potential introduction event from the community, rooted 322 

earlier in the tree. However, as there were few specimens from early stages of the outbreak 323 

for sequencing, the full genetic evolutionary history cannot be elucidated further. Sequence 324 

data from this study are available on GISAID, but there are no sample identifiers or 325 

accession numbers in the manuscript to enable linkage or re-analysis of the data. 326 

 327 

 328 



   

 

   

 

Washington, USA 17  329 

This study in Washington state, USA, 17 was the first to report the use of genome 330 

sequencing to investigate a large COVID-19 outbreak in a LTCF. Following positive results 331 

from SARS-CoV-2 testing of one staff member and one resident, samples from residents 332 

were tested by Public Health–Seattle and King County (PHSKC) and the Centers for 333 

Disease Control and Prevention (CDC) on two occasions one week apart. Not all residents 334 

were tested. Real-time reverse transcription polymerase chain reaction (rRT-PCR) was used 335 

for identification and a subsample of positive samples were selected for culture and 336 

sequencing. No new residents were admitted to the LTCF after the first resident tested 337 

positive. Enhanced infection prevention and control (IPC) measures focused on symptomatic 338 

residents and staff were implemented after the first resident tested positive. However, testing 339 

3 days after implementation showed widespread transmission had already occurred. There 340 

was a high percentage of positive cases amongst residents (64%, n=57), most of whom 341 

were asymptomatic or pre-symptomatic at the time of testing (82%, n=48). Fifteen residents 342 

died (26%) and a further 11 were hospitalised. No serological testing was done. The viral 343 

load (based on the rRT-PCR cycle threshold values [Ct]) and the percentage of cultures 344 

testing positive for virus were similar between symptomatic, pre-symptomatic and 345 

asymptomatic cases. Symptomatic staff (40%; n = 138) were advised to seek testing 346 

externally by their health care provider; of these 19% tested positive (n=26).  Asymptomatic 347 

staff were not advised to be tested; this may have underestimated the infection rate. The 348 

role of staff in the introduction or transmission of SARS-CoV-2 was not fully explored or 349 

analysed in the study. 350 

 351 

The doubling time was faster than in the surrounding community, but this may have been 352 

due to the identification of asymptomatic cases within the LTCS; only symptomatic 353 

individuals were tested in the community. The IPC measures focused on symptomatic 354 

cases, but the high prevalence of underlying conditions (cognitive impairment, chronic 355 



   

 

   

 

coughs) amongst residents made identification of COVID-19 symptoms difficult, particularly 356 

in the early stages of infection. 357 

 358 

Nanopore sequencing was done on samples from 34 residents that tested positive; for five 359 

of these residents samples were taken twice, one week apart, sequenced, and the viral 360 

genomes found to be identical in the second test in each case. This demonstrated the 361 

reproducibility of SARS-CoV-2 genome sequencing. Bioinformatics analysis showed that 362 

79% (n=27) of positive samples mainly clustered into two groups, separated by a single SNP 363 

difference; a small number of outlier samples containing up to 4 SNP differences. This 364 

confirmed the relatedness of genomes found in the residents’ samples. Identical sequences 365 

were given a unique identifier and, when these were related back to a map of the facility and 366 

the location of the residents’ bedrooms, there was a very clear spatial signal; residents in 367 

adjacent bedrooms were more likely to have 100% identical consensus genomes than not. 368 

Phylogenetic analysis of publicly available genomes at the time showed that the genomes 369 

from the LTCS samples were very closely related to those found elsewhere in the locality 370 

(Washington, USA). Sequencing data used in the paper has been publicly deposited in two 371 

archives, with sufficient information in the paper to enable the genomic analysis to be fully 372 

reproduced. 373 

 374 

Other studies 375 

There is one study from Hungary 40 that sequenced a single LTCF resident’s positive SARS-376 

CoV-2 sample. 377 

 378 

An unpublished study (personal communication Guthrie, Templeton and Holden) sequencing 379 

SARS-CoV-2 positive samples from staff and residents of LTCFs in Scotland as part of the 380 

COG-UK consortium. There was evidence for a connection between the genomes from staff 381 



   

 

   

 

and residents’ samples in some LTCFs.  Outbreaks were heterogenous in size, duration and 382 

pattern (some explosive, some more drawn out some with long gaps between cases).  383 

 384 

Another unpublished study (personal communication Bashton, Young, Nelson, Smith) done 385 

as part of the COG-UK consortium sequenced genomes from staff and residents testing 386 

positive at 64 LTCFs in the North Yorkshire, South Tees region. Of these LTCFs, 36 had 387 

multiple positive samples enabling genome sequencing and cluster analysis. Sequence data 388 

analysis using Civet (https://github.com/artic-network/civet) detailed six outbreak clusters. 389 

One of these clusters involved three LTCFs and associated staff from their local National 390 

Health Service (NHS) trust. Another involved two LTCFs and an associated staff member. 391 

This demonstrated not only transmission between residents within LTCFs, but more complex 392 

transmission chains between LTCFs and local hospitals. 393 

 394 

 395 

Definitions 396 

We use the term ‘long term care facility’ which encompasses terms used to describe similar 397 

facilities in different countries such as: ‘skilled nursing facility’, ‘care home’, ‘nursing home’, 398 

‘elderly care home’, and ‘residential home’. 399 

 400 

For the purposes of this review we use the ECDC definition of nosocomial infection 401 

(https://www.ecdc.europa.eu/en/covid-19/surveillance/surveillance-definitions).  402 

 403 

 404 

 405 

https://github.com/artic-network/civet
https://www.ecdc.europa.eu/en/covid-19/surveillance/surveillance-definitions

