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Incidence of SARS-CoV-2 infection according to baseline
antibody status in staff and residents of 100 long-term care
facilities (VIVALDI): a prospective cohort study

Maria Krutikov*, Tom Palmer*, Gokhan Tut*, Chris Fuller, Madhumita Shrotri, Haydn Williams, Daniel Davies, Aidan Irwin-Singer, James Robson,
Andrew Hayward, Paul Moss, Andrew Copas, Laura Shallcross

Summary

Background SARS-CoV-2 infection represents a major challenge for long-term care facilities (LTCFs) and many
residents and staff are seropositive following persistent outbreaks. We aimed to investigate the association between
the SARS-CoV-2 antibody status at baseline and subsequent infection in this population.

Methods We did a prospective cohort study of SARS-CoV-2 infection in staff (aged <65 years) and residents (aged
>65 years) at 100 LTCFs in England between Oct 1, 2020, and Feb 1, 2021. Blood samples were collected between June
and November, 2020, at baseline, and 2 and 4 months thereafter and tested for IgG antibodies to SARS-CoV-2
nucleocapsid and spike proteins. PCR testing for SARS-CoV-2 was done weekly in staff and monthly in residents. Cox
regression was used to estimate hazard ratios (HRs) of a PCR-positive test by baseline antibody status, adjusted for
age and sex, and stratified by LTCF.

Findings 682 residents from 86 LCTFs and 1429 staff members from 97 LTCFs met study inclusion criteria. At
baseline, IgG antibodies to nucleocapsid were detected in 226 (33%) of 682 residents and 408 (29%) of 1429 staff
members. 93 (20%) of 456 residents who were antibody-negative at baseline had a PCR-positive test (infection rate
0-054 per month at risk) compared with four (2%) of 226 residents who were antibody-positive at baseline (0-007 per
month at risk). 111 (11%) of 1021 staff members who were antibody-negative at baseline had PCR-positive tests
(0-042 per month at risk) compared with ten (2%) of 408 staff members who were antibody-positive staff at baseline
(0-009 per month at risk). The risk of PCR-positive infection was higher for residents who were antibody-negative at
baseline than residents who were antibody-positive at baseline (adjusted HR [aHR] 0-15, 95% CI 0-05-0-44,
p=0-0006), and the risk of a PCR-positive infection was also higher for staff who were antibody-negative at baseline
compared with staff who were antibody-positive at baseline (aHR 0-39, 0-19-0-82; p=0-012). 12 of 14 reinfected
participants had available data on symptoms, and 11 of these participants were symptomatic. Antibody titres to spike
and nucleocapsid proteins were comparable in PCR-positive and PCR-negative cases.

Interpretation The presence of IgG antibodies to nucleocapsid protein was associated with substantially reduced risk
of reinfection in staff and residents for up to 10 months after primary infection.

Funding UK Government Department of Health and Social Care.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction has major implications for vaccination and for policy

Residents of long-term care facilities (LTCFs) that
provide residential or nursing care to older people have
had the highest burden of COVID-19 related mortality
of any population group. Older adults might have less
robust immune responses to infection due to age-
related immune-senescence and underlying comor-
bidities, and although emerging data suggest that most
LTCF residents have a detectable immune response
following natural infection with SARS-CoV-2,* the
extent to which this protects against a second infection
is unclear. Understanding the degree of protection
afforded by previous infection, duration of infection,
and whether primary infection and reinfection differ
with regard to disease severity and clinical presentation
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decisions regarding the ongoing need for non-
pharmaceutical interventions in LTCFs to prevent
transmission.

Most individuals who are infected with SARS-CoV-2
develop antibodies against the spike and nucleocapsid
proteins of the virus 1-2 weeks after symptom onset;’
however, data from residents of LT'CFs are limited by
small sample sizes.** The magnitude of neutralising
antibodies against the spike protein receptor-binding
domain have been shown to correlate with post-infection
immunity, to be dependent on disease severity,® and to
decline over time,” but understanding of the immune
correlates of protection against reinfection in all age
groups remains poor.
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Research in context

Evidence before this study

We did a systematic search of MEDLINE (Ovid) and the medRxiv
preprint server on Jan 18, 2021, for studies done in long-term
care facilities (LTCFs) that described the risk of infection in
individuals who were antibody-positive for SARS-CoV-2
compared with individuals who were antibody-negative using
the search terms "SARS-CoV-2" OR “COVID-19” OR
“coronavirus” AND “care home” OR “nursing home” OR “long
term care facility”, without date or language restrictions. We did
not identify any publications that focused on risk of reinfection
in seropositive individuals; however, since our systematic
search, one study has been published using data from two
LTCFs in London, UK. This study reported a 96% reduction in
the odds of reinfection in individuals who were seropositive
compared with those who were seronegative based at 4-month
follow-up in 161 participants. We found ten studies that
included seroprevalence surveys of staff or of staff and residents
in LTCFs in eight cohorts. Five of these surveys were done in
response to SARS-CoV-2 outbreaks within the care homes, as
part of the subsequent investigation or as post-infection
surveillance. The largest of these studies, which enrolled both
staff and residents, was done in six LTCFs and included
longitudinal antibody testing.

Added value of this study

We present estimates of reinfection in staff and residents from
100 LTCFs in England who were tested for SARS-CoV-2
antibodies at study entry and then tested regularly for

Despite the large number of primary infections of
SARS-CoV-2 that have been reported worldwide, there
have been relatively few cases of reinfection.*™
Longitudinal studies in hospital staff suggest reinfections
are uncommon," but it is uncertain whether these
findings are generalisable to people who live and work in
LTCFs due to fundamental differences in underlying
health status, age, socioeconomic background, and levels
of exposure to SARS-CoV-2 in hospitals and LTCFs.

An estimated 410000 older people currently live in
approximately 11000 LTCFs in England.” We did a
prospective longitudinal cohort study in 100 LTCFs to
estimate the incidence and relative hazards of PCR-
positive SARS-CoV-2 infection in LTCF staff and
residents who were antibody-positive for SARS-CoV-2
with staff and residents who were antibody-negative for
SARS-CoV-2.

Methods

Study design and participants

The VIVALDI study is a prospective cohort study of staff
and residents in LTCFs in England,” first established in
May, 2020, in LTCFs owned by the Four Seasons
Healthcare Group (FSHCG) and has since expanded to
other LTCFs. Participants are currently being followed up

SARS-CoV-2 infection using PCR. This study, which included
more than 2000 staff and residents, is the largest to date to
assess the extent of natural immunity to SARS-CoV-2 in LTCFs
and suggests that antibodies provide high levels of protection
against reinfection for up to 10 months in both staff and
residents. The number of reinfections was small, and although
almost all cases of reinfection were symptomatic, none
required hospital treatment.

Implications of all the available evidence

Despite high background rates of SARS-CoV-2 infection in LTCFs,
the overall risk of reinfection was low in this population. These
findings are broadly consistent with findings from large cohort
studies of hospital staff, and extend the evidence of substantial
protection to frail older people, who are susceptible to severe
outcomes of SARS-CoV-2 infection due to age-related changes in
immunity (immune-senescence) and high levels of comorbidity.
The low risk of reinfection in our study suggests identification of
immune correlates of protection in this population will require
pooling of data across multiple cohorts.

As vaccination coverage in residents of LTCFs approaches
100% in England, it will be important to understand whether
vaccination and natural infection provide comparable levels of
protection against infection. Such insights will inform future
policy decisions regarding re-vaccination schedules in LTCFs,
and the longer-term need for non-pharmaceutical
interventions to prevent SARS-CoV-2 transmission, such as
asymptomatic testing and visitor restrictions.

for up to 18 months. Our current analysis includes data
from only those LTCFs that are owned by the FSHCG.

Since June 11, 2020, all staff and residents in LTCFs
in England have been offered regular testing for
SARS-CoV-2 based on PCR of clinical isolates from
nasopharyngeal swabs.” Residents are tested monthly
and staff are tested weekly, although individuals who test
positive are then not re-tested for 90 days.” Local public
health teams also investigate outbreaks in LTCFs and
usually do PCR testing for all staff and residents at
baseline and 7 days later. PCR results (including tests
done in hospital) are stored in the COVID-19 Data Store,
which was established as part of the UK’s pandemic
response.

Eligible LTCFs were identified by the FSHCG. LTCFs
that provided care to adults aged older than 65 years and
were owned by the FSHCG were eligible for participation
and were identified by FSHCG. Staff and residents were
eligible for inclusion in the analysis of risk of reinfection
if they had a valid pseudo-identifier (enabling linkage of
antibody test results to PCR tests); they lived or worked in
a LTCF owned by FSHCG; they had at least one PCR test
result during the analysis period; and they had at least
one antibody test during the study period. We excluded
staff members older than 65 years and residents aged
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younger than 65 years to minimise the risk that staff were
misclassified as residents and residents were misclassified
as staff members, and to enable assessment of immune
response to SARS-CoV-2 in the two age groups (=65 years
vs <65 years).

Demographic data comprising age, sex, address, and
whether the individual was a staff member or resident
was obtained for all participants. We also retrieved data
on symptoms in the 7 days before and after the date of
the PCR swab for cases of reinfection, using daily logs of
symptoms in staff and residents that were recorded by
the FSHCG from March 1, 2020, onwards. Blood
sampling was offered to all participants at three
timepoints separated by 6-8-week intervals in June,
August, and October, 2020. Participants could join the
study at any blood testing round. Cycle threshold (Ct)
values, providing an estimate of viral load, were retrieved
for reinfected cases.

Ethical approval for this study was obtained from
the South Central—Hampshire B Research Ethics
Committee (20/SC/0238). Written informed consent to
participate was obtained from all participants. For
residents who did not have capacity to consent, a personal
or nominated consultee was identified to act on their
behalf.

Procedures

Blood samples were tested for IgG to nucleocapsid
protein using a semi-quantitative chemiluminescent
microparticle immunoassay (SARS-CoV-2 IgG assay;
Abbott, Maidenhead, UK). Quantitative IgG antibody
titres were measured against spike protein and
nucleocapsid protein using the V-PLEX COVID-19
Respiratory Panel 2 kit (96-well, 10 Spot Plate coated with
four SARS CoV-2 antigens [spike protein, spike receptor-
binding domain, spike N-terminal domain, and
nucleocapsid protein]; K15372U; Meso Scale Diagnostics,
Rockville, MD, USA; appendix p 2). PCR samples were
tested in a network of laboratories using a range of assays
that targeted different SARS-CoV-2 genes (appendix p 2).

We used an index value cutoff of 0- 8 to classify samples
as antibody-positive (=0-8) or antibody-negative (<0-8) to
maximise the sensitivity of the immunoassay while
maintaining high specificity.®” Quantitative IgG antibody
titres were obtained for cases of suspected reinfection.
For comparison, control samples were retrieved for
23 residents and 19 staff from five randomly selected
LTCFs who met the following criteria: IgG antibodies to
nucleocapsid protein detected at the first blood testing
round; three antibody tests; no record of PCR-positive
test; and at least one PCR test result during the analysis
period.

Approximately 60% of PCR results from the national
testing programme, and almost all tests done in hospital,
can be linked to staff and residents using a pseudo-
identifier based on the individuals’ unique National
Health Service (NHS) number. PCR results from the

www.thelancet.com/healthy-longevity Vol 2 June 2021

national testing programme are also linked to specific
care homes using the Care Quality Commission’s unique
location identifier. The Care Quality Commission
regulates all providers of health and social care
in England.

Antibody test results were submitted to NHS England
and matched to NHS number using an algorithm based
on participant forename and surname, date of birth, sex,
and postcode. This process made it possible to generate a
common pseudo-identifier to link antibody and PCR test
results in the NHS COVID-19 Datastore. Dates of first
vaccination against SARS-CoV-2 were retrieved for all
participants  through linkage to the National
Immunisation Database, based on the same pseudo-
identifier. Analysis was done in the UCL Data Safe
Haven.

All participants were classified into two cohorts
(antibody-positive and antibody-negative for SARS-CoV-2)
according to their first antibody test done at baseline.
Exposure status was based on IgG antibodies to
nucleocapsid because this result (based on the Abbott
immunoassay) was available for all participants.
Subsequent seroconversion was not considered in our
primary analysis due to the small numbers of participants
in whom this occurred.

The time-atrisk entry time for participants was
Oct 1, 2020, or 28 days after their first available anti-
body test, whichever occurred later. These restrictions
reduced the risk of misclassifying prolonged PCR
positivity as reinfection, particularly between July and
September, 2020, when the incidence of SARS-CoV-2
was comparatively low in England."® For example,
before October, 2020, we identified 13 infections among
antibody-positive participants and seven infections
among antibody-negative participants, suggesting a
high risk of misclassification in this period.

All positive PCR tests after entry time were considered
to indicate infection or reinfection. Participants were
followed up from entry time until the earliest of the
following: first PCR-positive test (main outcome); last
PCR test (removed individuals who had left the LTCF,
since most staff and residents had regular PCR testing);
12 days after the first vaccination of any resident in the
home; 12 days following the first vaccination of any staff
member in the home. The 12-day window was chosen on
the basis of evidence that the protective effect of
vaccination begins after 12 days.” The date of
first vaccination in the care home was preferred over the
date each individual was vaccinated because vaccination
records might be incomplete and most facilities achieved
high vaccine coverage.

Statistical analysis

Kaplan-Meier curves were generated separately for staff
and residents, to show the cumulative probability of
testing PCR-positive over time by baseline antibody
status. We excluded late entrants to the analysis (ie, those

For more on the National

Immunisation Database see
https://www.scwcsu.nhs.uk/
services/nhs-immunisation-

management-service/

For more on the UCL Data Safe
Haven https://www.ucl.ac.uk/
isd/services/file-storage-sharing/

data-safe-haven-dsh

See Online for appendix
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4470 participants had 21 round of antibody testing
in 100 LTCFs (1081 residents; 3389 staff)

1575 could not be linked to a NHS identifier

) (181 residents; 1394 staff)

y

2895 linked to an NHS identifier (900 residents;
1995 staff)

114 excluded on the basis of on age cutoffs

> (42 residents; 72 staff)

y

2781 eligible based on age cutoffs
(858 residents; 1923 staff)

501 had no PCR tests done after Oct 1, 2020

> (154 residents; 347 staff)

y

2280 had =1 PCR test result after Oct 1, 2020
(704 residents; 1576 staff)

169 did not have a PCR test before
> vaccination censor date (22 residents;
147 staff)

A

2111 participants with =1 PCR test result before
vaccination censor date included
in analysis (682 residents from 86 LTCFs;
1429 staff from 97 LTCFs)

Figure 1: Study flow diagram
LCTFs=long-term care facilities. NHS=National Health Service.

who joined after Oct 1, 2020; n=165) from Kaplan-Meier
analyses to allow presentation on a calendar timescale
starting from Oct 1, 2020.

Cox regression was used to estimate hazard ratios (HRs)
of a PCR-positive test by baseline antibody status. The
baseline hazard was defined over calendar time, with
participants entering time at risk on their study entry date.
Our primary analysis was done within LTCFs to remove
potential confounding from unmeasured LTCF factors,
different trends in background incidence of SARS-CoV-2,
or differences in the proportion of individuals in each
LTCF who had a history of previous infection. This
analysis was based on a Cox regression model stratified by
LTCF to allow a different baseline hazard for each LTCF,
restricted to LTCFs that had participants with and without
baseline antibodies and also some positive PCR tests after
study entry. We also did a separate analysis stratified by
regions of England, which was more susceptible to bias,
but had greater precision. In this model, 95% ClIs for the
HRs were presented based on robust SEs to account for
the clustering of participants by LTCF. For both models,
adjusted HRs were estimated, adjusting for sex and for
the non-linear effects of age using cubic splines with five
knots at default positions.

Quantitative antibody titres were compared between
reinfection cases and controls (appendix p 2). We did
sensitivity analysis to investigate the effect of using the
manufacturer’s index value threshold for the immuno-
assay (1-4) and time at risk before Oct 1, 2020, by
assuming an entry date of 28 days following the first
antibody test (appendix p 6).

p<0-05 was considered to
significance.

Sample size for the original VIVALDI study was based
on the precision of estimates for antibody prevalence.”
Considering the rapidly changing policy priorities during
the COVID-19 pandemic, the VIVALDI study has been
adapted to address research questions that were not
specified in the original protocol. Consequently, no sample
size calculations were done for this study.

All statistical analysis was done using STATA
(version 16.0).

indicate statistical

Role of the funding source

The funder had no role in the study design, data
collection, data analysis, data interpretation or writing of
the report.

Results

We identified 100 eligible LTCFs. 2111 participants,
comprising 682 residents from 86 LTCFs and 1429 staff
members from 97 LCTFs, met the study inclusion
criteria (figure 1, table 1). The mean number of residents
at each LTCF was 6-8 (SD 6-9) and the mean number of
staff members was 14-3 (10-0). The cohort was
predominantly female (474 [70%] of 682 residents;
1255 [88%)] of 1429 staff members). The median age of
residents was 86 years (IQR 79-91) and 47 years (34-56)
for staff members. At baseline, antibodies to
nucleocapsid were identified in 226 (33%) of
682 residents and 408 (29%) of 1429 staff members.
Participants from all regions of England were
represented in the sample. 91% of participants joined
the study on Oct 1, 2020.

392 (57%) of 682 residents and 462 (32%) of 1429 staff
members participated in all three rounds of blood
testing. Ten (2%) of 456 residents and 19 (2%) of 1021 staff
members who tested negative for antibodies against
nucleocapsid in their first testing round subsequently
had a positive antibody test. 39 (17%) of 226 residents and
102 (25%) of 408 staff members who had antibodies
against nucleocapsid at baseline tested antibody-negative
in a later round. Residents had a median of 3 PCR tests
(IQR 2-4) and staff had a median of 7 PCR tests (4-11)
during the analysis period.

Staff members contributed 3749 months of follow-up
time and residents contributed 1809 months of follow-up
time (table 2). 93 (20%) of 456 residents who were
antibody-negative at baseline had a PCR-positive
test (infection rate 0- 054 per month atrisk) compared with
four (2%) of 226 residents who were antibody-positive at
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baseline (0-007 per month at risk). 111 (11%) of 1021 staff
members who were antibody-negative at baseline had
PCR-positive tests (0-042 per month at risk) compared
with ten (2%) of 408 staff members in antibody-positive
staff (0-009 per month at risk).

Between Oct 1, 2020, and Feb 1, 2021, the incidence of
SARS-CoV-2 infection gradually increased in staff and
residents, with a low number of infections observed in
individuals who were antibody-positive at baseline
(figure 2). The difference in the number of infections
observed in antibody-positive and antibody-negative
individuals was greater in staff than residents. By
Feb 1, 2021, few participants remained at-risk in the
analysis due to the rapid vaccine rollout in LTCFs in
England starting on Dec 8, 2020.

In the Cox regression stratified by LTCF, the risk of a
PCR-positive infection was higher for residents who
were antibody-negative at baseline compared with
residents who were antibody-positive at baseline
(adjusted HR [aHR] 0-15, 95% CI 0-05-0-44, p=0-0006).
The risk of a PCR-positive infection was also higher for
staff who were antibody-negative at baseline compared
with staff who were antibody-positive at baseline
(@aHR 0-39, 0-19-0-82; p=0-012; table 3). The estimated
protective effect in antibody-positive staff and residents
against reinfection was slightly stronger when stratified
by region, but this analysis might be subject to some
confounding.

Information about whether residents or staff members
had symptoms in the 7 days before or after PCR testing
was available for 12 of 14 cases of reinfection
(appendix pp 4-5). All four residents with reinfection
were febrile at or around the time of their PCR test and of
eight staff members with reinfection, six reported cough,
one reported fever, and one was asymptomatic. By
comparison, 14 of 42 controls had symptoms in the 7 days
before or after their PCR test. Of the 14 individuals with
reinfection, three (one resident, two staff members)
became seronegative before their positive PCR test. None
of the reinfection cases were admitted to hospital or died
due to infection and the median duration of symptoms
was 7 days (IQR 5-0-12-5).

Ctvalues were obtained for 13 of 14 reinfection samples.
The median Ct value for reinfection cases was 36 (IQR
30-1-37-0). Six of seven samples that were analysed
using the same PCR assay, and nine of 14 samples that
were tested using assays that targeted the ORFlab gene
had Ct values of more than 30 (appendix pp 4-5).

Quantitative antibody data were available for 11 of the
14 reinfection cases and for 42 control participants who
were antibody-positive at baseline and remained PCR-
negative throughout follow-up. Median baseline levels of
antibodies to nucleocapsid IgG were 101527 AU/mL
(18393-161580) among reinfected cases compared
with 26326 AU/mL (14378-59 633) among control cases.
Differences in levels of antibodies to nucleocapsid IgG
were not statistically significant between reinfected
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Al Antibody- Antibody- All staff Antibody- Antibody-
residents  negative positive (n=1429) negative positive
(n=682) residents residents staff staff
(n=456) (n=226) (n=1021) (n=408)
Age, years
Median (IQR) ~ 86(79-91) 86(80-92)  86(79-91) 47 (34-56)  46(33-56)  48(36-57)
Range 65-103 65-102 65-103 18-65 18-65 20-65
Sex
Male 208 (30%) 137 (30%) 71 (31%) 174 (12%) 122 (12%) 52 (13%)
Female 474 (70%) 319 (70%) 155 (69%) 1255(88%) 899 (88%) 356 (87%)
Region
EastMidlands 66 (10%) 58 (13%) 8 (4%) 136 (10%) 117 (11%) 19 (5%)
East 78(11%) 62 (14%) 16 (7%) 77 (5%) 70 (7%) 7 (2%)
London 96 (14%) 53 (12%) 43 (19%) 120 (8%) 71(7%) 49 (12%)
North East 128 (19%) 60 (13%) 68 (30%) 355(25%) 217 (21%) 138 (34%)
North West 64 (9%) 34 (7%) 30 (13%) 265(19%) 173 (17%) 92 (23%)
South East 78(11%) 44 (10%) 34 (15%) 129 (9%) 83 (8%) 46 (11%)
South West 34 (5%) 30 (7%) 4(2%) 55 (4%) 49 (5%) 6 (1%)
West Midlands 61 (9%) 51(11%) 10 (4%) 108 (8%) 86 (8%) 22 (5%)
Yorkshireand 77 (11%) 64 (14%) 13 (6%) 184 (13%) 155 (15%) 29 (7%)
Humber
PCR tests (June, 2020-February, 2021)
Median (IQR) 7(5-9) 7 (5-9) 7 (5-10) 17(9-26)  16(9-24) 20 (11-29)
Range 1-18 1-17 1-18 1-55 1-55 1-52
PCR tests during analysis time at risk
Median (IQR) 3(2-4) 3(2-5) 3(2-4) 7 (4-11) 7 (4-11) 8 (5-11)
Range 1-11 1-11 1-10 1-22 1-21 1-22
Total available antibody test results
1 117 (17%) 86 (19%) 31(14%) 510 (36%)  385(38%) 125 (31%)
2 173 (25%) 121 (27%) 52 (23%) 457(32%)  337(33%) 120 (29%)
3 392(57%) 249 (55%) 143 (63%) 462 (32%) 299 (29%) 163 (40%)
Data are n (%), unless otherwise indicated.
Table 1: Baseline characteristics of participants by baseline antibody status (n=2111)
Participants, Time at risk, PCR-positive  Rate of
n months infections, PCR-positive
n (%) infections per
month at risk
Residents
All 682 1809 97 (14%) 0-054
Antibody-negative at baseline 456 1203 93 (20%) 0-077
Antibody-positive at baseline 226 606 4(2%) 0-007
Staff
All 1429 3749 121 (8%) 0032
Antibody-negative at baseline 1021 2663 111 (11%) 0-042
Antibody-positive at baseline 408 1086 10 (2%) 0-009

Table 2: PCR-positive infections and time at risk by baseline antibody status

individuals and controls for the first testing round
(p=0-544) or for the last available antibody test when
controlling for length of time between the antibody test
and the PCR test (p=0-426; figure 3; appendix p 3).
Sensitivity analyses using the manufacturer’s recom-
mended index cutoff value (1-4) for the immunoassay
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Proportion of individuals without
PCR-positive infection (%)

Number at risk
(number censored)
Antibody-positive staff
Antibody-negative staff

Antibody-positive residents
Antibody-negative residents

100 = .
77**‘~\—::::_—_—L\— S L
e
754 E g B
First vaccine admin:istered Dec 8, 2020 L —
50+ 1
—— Antibody-positive staff
25+ ----Antibody-negative staff
—— Antibody-positive residents
---- Antibody-negative residents
0 T — T T
Oct1,2020 Nov 1,2020 Dec1,2020 Jan1,2021 Feb1,2021
Date, year
381(0) 357(21) 334 (40) 122 (252) 1(370)
919 (0) 861(37) 740 (126) 354 (481) 0(811)
215 (0) 204 (11) 180 (32) 95 (116) 0(211)
427 (0) 391(15) 347 (46) 184 (174) 1(334)

Figure 2: Cumulative new PCR-confirmed infections by baseline antibody status
Late entrants to the analysis (n=165) were excluded from Kaplan-Meier estimates to allow presentation on a
calendar timescale starting from Oct 1, 2020. Shaded areas show 95% Cls.
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Stratified by LTCF Stratified by region
aHR* (95% Cl)  pvalue aHR* (95% Cl)  pvalue
Residents  0-15 p=0-0006 0-08 p<0-0001
(0-05-0-44) (0-03-0-23)
Staff 0-39 p=0-012 0-26 p=0-0003
(019-0-82) (0-12-0-54)

LTCF=long-term care facility. aHR=adjusted hazard ratio. *Antibody-positive
individuals versus antibody-negative individuals, adjusted for age and sex.

Table 3: Multivariate analysis of risk of PCR-positive infection by
baseline antibody status, stratified by LTCF or region of England

and assuming an entry date of 28 days following the first
antibody test for all participants did not substantially
alter our findings (appendix p 6).

Discussion

In this cohort study done in 100 LTCFs, the risk of PCR-
positive SARS-CoV-2 infection was substantially lower in
residents and staff who were positive for SARS-CoV-2-
specific antibodies at baseline. Our findings suggest that
previous infection reduced the risk of reinfection by
approximately 85% in residents and 60% in staff
members. We identified only 14 cases of possible
reinfection, mainly affecting staff, and although almost
all of these individuals reported symptoms, none
required hospital treatment. These findings suggests
that previous SARS-CoV-2 infection provides a high
degree of protection against a second infection and is
broadly consistent with findings from longitudinal
studies” in hospital staff. Although staff and residents
with antibodies against the SARS-CoV-2 nucleocapsid
protein at baseline remain susceptible to symptomatic
infection, our findings based on up to 10 months of
follow-up from primary infection (assuming earliest
infections occurred in March, 2020) suggest that their

risk of reinfection is low (<1% risk per month). Similar
findings were obtained in sensitivity analyses, in which
the threshold for detection of IgG to nucleocapsid and
time at risk were varied.

The low number of reinfections reduced statistical
power and restricted strong conclusions about symptom
profiles, but the majority of reinfections in both staff and
residents were symptomatic. This finding contrasts with
studies of hospital staff, in which only a third of reinfected
individuals reported symptoms." In our findings,
symptoms seemed to be milder in staff (eg, cough)
than in residents (eg, fever); however, differential
ascertainment of symptoms between staff and residents
cannot be excluded. The risk of recall bias is minimised
by the fact that LTCFs recorded symptoms in staff and
residents prospectively.

We obtained Ct values for reinfection samples but were
unable to compare viral load between individual’s
reinfections and primary infections due to low testing
coverage at the start of the pandemic. Ct values higher
than 30 are a widely used threshold to denote lower viral
load:*” in the subset of reinfection samples that were
tested using comparable PCR assays, the majority
(64-86%) of samples had Ct values higher than 30. By
comparison, more than 80% of samples obtained from
PCR testing in LTCFs during the same time period,
which will mainly represent primary infections
considering the low incidence of reinfection, had
Ct values of less than 30, based on a comparable assay.”
Although it is difficult to compare tests done in different
laboratories, these findings provide tentative evidence
that reinfections might be associated with lower viral
load and reduced risk of transmission compared with
primary infections. Ideally, the presence of reinfection
would have been confirmed by viral sequencing.
Nevertheless, it is unlikely that we misclassified primary
infections that remained PCR-positive as reinfections,
because most participants had at least 90 days and all had
two or more negative PCR tests between their baseline
antibody test and PCR-positive test.

We found no difference in quantitative antibody titres
against spike or nucleocapsid proteins in reinfected
individuals compared with uninfected individuals with
baseline antibodies. The low incidence of reinfection
makes studies of correlates of protection challenging and
highlights the need to standardise the assays that are
used to evaluate humoral and cellular immunity to enable
the pooling of sample collections and results across
cohorts. Since the date of primary infection was
unknown for most reinfected cases in our study (due to
low levels of PCR testing in LTCFs at the start of the
pandemic), it is possible that these cases of reinfection
followed from primary infections that occurred at the
start of the pandemic or were asymptomatic, associated
with low viral load. The reasons why the magnitude of
protection against reinfection afforded by baseline
antibodies was greater in residents than staff remain
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Figure 3: Quantitative SARS-CoV-2-spike and nucleocapsid IgG titres by reinfection status at the first testing round and last testing round

SARS-CoV-2 spike antibody values at the first round of testing (A) and last round of testing, stratified by duration between the last antibody test and last relevant PCR
test (B). SARS-CoV-2 nucleocapsid antibody values at the first round of testing (C) and last round of testing, stratified by duration between the last antibody test and
last relevant PCR test (D). The last relevant PCR test was defined as the first positive PCR test following antibody testing for reinfected cases and the last negative PCR
test for controls. The median duration between the last antibody test and last relevant PCR result (first positive for cases, last negative for controls) was 62 days
(28-88) among reinfected cases and 68 days (48-75) among control cases; on the basis of this testing gap, participants were categorised into three categories

(0-50 days between tests, 50-75 days, and 75-180 days). Horizontal lines represent median values, boxes show the IQR, whiskers show data points within

1.5 xthe IQR (upper and lower quartile; missing whiskers indicate that there were no data points within this range), and dots show outliers. AU=arbitrary units.

unclear. We hypothesise that that symptomatic staff
might have accessed PCR testing outside of the LTCF, or
that staff had comparatively higher levels of exposure to
infection than residents during the analysis period. This
higher level of exposure is because staff are likely to have
more close contacts in the LTCF setting and also have
more interaction with individuals in the community
compared with residents. Additionally, residents who
were antibody-positive at baseline might represent a

www.thelancet.com/healthy-longevity Vol 2 June 2021

particularly robust group, having survived the first wave
of the pandemic.

One strength of our study is that we estimated the
incidence of infection during a period of high community
prevalence of SARS-CoV-2 in the UK, associated with the
rapid emergence of the B.1.1.7 variant.” The low number
of reinfections suggest a good level of protective
immunity against this variant following natural infection.
The local prevalence of SARS-CoV-2 is likely to be a key
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driver of transmission in LTCFs because staff can import
infection from the community.”* Restricting our
analysis to Oct 1, 2020, onwards reduced the duration of
person-time at risk to 4 months, although incidence was
low in the preceding months. Since most participants
already had baseline antibodies on Oct 1, 2020, it is likely
that these individuals were mainly infected during the
first wave of the pandemic, up to 6 months earlier.
We were able to recruit participants from more than
100 geographically dispersed LTCFs, and although all
LTCFs were owned by one provider, LTCFs varied in size
and by the type of care provided. Overall, 35% of beds
were funded for dementia care, two LTCFs cared
exclusively for residents with dementia, and 18 facilities
did not provide any dementia care. By capturing variation
in these characteristics, which have been shown to be
important in SARS-CoV-2 transmission within LTCFs,»?
our results might be generalisable to other LTCFs
in England. Although we accounted for LTCF-level
differences, such as infection control practices, in our
analysis, our results might not be generalisable to
providers that operate different funding models, staffing
ratios, or infection control practices. Expansion of the
VIVALDI study on Nov 9, 2020, to a wider range of care
providers should help to address these limitations.

Our study was limited by sample size and the quality
of surveillance data.*” Although we were able to link
2895 (65%) of 4470 eligible participants who had antibody
testing to their PCR results, the majority of unlinked
individuals were staff members. This is largely explained by
the fact that most LTCFs do not hold identifiers that are
required for data linkage, such as date of birth
or address for their staff. Although we were unable
to compare the demographic characteristics of linked
and unlinked staff, we have no reason to suspect that there
were systematic differences between these groups
that could introduce bias. We recruited a median of
6-8 residents and 14-3 staff per LTCF, reflecting the
challenges of recruiting frail residents who might lack
capacity to consent or might be receiving end-of-life care,
despite our use of personal or nominated consultees.
Although we were not able to account for comorbidity in
our analysis, it is likely that almost all residents had at least
one underlying health condition,” and more than a third of
residents were receiving dementia care. During the analysis
period, residents (who were tested monthly) had a mean of
1-6 PCR tests per month and staff (who were tested weekly)
had a mean of 3-1 PCR tests per month, suggesting high
levels of participation in the voluntary testing programme.
Less frequent PCR testing in residents and missing test
results for staff is likely to lead to underestimation of the
incidence of asymptomatic infection in both groups.
However, it is likely that the majority of infections from
June, 2020, onwards were detected because most
participants were tested at least every 4 weeks, and the
median duration of PCR positivity is 12-18 days.** We
classified baseline antibody status against nucleocapsid

because data on antibodies to spike protein were only
available for a subset of participants, and this might have led
to underestimation of the proportion of individuals with
previous infection due to antibody waning. To overcome
this limitation, we reduced the test index threshold for the
immunoassay to 0-8, which has been shown to increase
sensitivity with minimal effect on test specificity.”* There
is also a possibility of cross-reaction of antibody assay with
antibodies to pre-existing seasonal coronaviruses although
validation studies™ have shown high test specificity.

As vaccination coverage in residents approaches 100%,*
it will be important to understand whether vaccination
and natural infection provide comparable levels of
protection against new infection. New infections were
still evident in our dataset in February, 2021, and work is
ongoing to investigate the effectiveness of different
vaccine types and dosing schedules in LTCF residents
and staff. However, the high degree of vaccine coverage
in residents will make it challenging to investigate
protective effectiveness in this group. Additionally,
further work is ongoing in this cohort to understand the
extent of protection against reinfection offered by cell-
mediated immunity.*

In summary, the risk of a SARS-CoV-2 reinfection was
substantially reduced in staff and residents of LTCFs
who were SARS-CoV-2 antibody-positive and the
observed reinfections were mnot clinically severe.
Understanding the correlates of immunity that protect
against future infection will be fundamental to policy
decisions regarding LTCFs, including re-vaccination
schedules and the ongoing need for non-pharmaceutical
interventions to prevent SARS-CoV-2 transmission.
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