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Reinfection with new variants of SARS-CoV-2 after natural
infection: a prospective observational cohort in 13 care
homes in England
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Shamez N Ladhani*, Maria Zambon*

Summary

Background Understanding the duration of protection and risk of reinfection after natural infection is crucial to
planning COVID-19 vaccination for at-risk groups, including care home residents, particularly with the emergence of
more transmissible variants. We report on the duration, neutralising activity, and protection against the alpha variant
of previous SARS-CoV-2 infection in care home residents and staff infected more than 6 months previously.

Methods We did this prospective observational cohort surveillance in 13 care homes in Greater London, England. All
staff and residents were included. Staff and residents had regular nose and throat screening for SARS-CoV-2 by
RT-PCR according to national guidelines, with ad hoc testing of symptomatic individuals. From January, 2021, antigen
lateral flow devices were also used, but positive tests still required RT-PCR confirmation. Staff members took the
swab samples for themselves and the residents. The primary outcome was SARS-CoV-2 RT-PCR positive primary
infection or reinfection in previously infected individuals, as determined by previous serological testing and screening
or diagnostic RT-PCR results. Poisson regression and Cox proportional hazards models were used to estimate
protective effectiveness of previous exposure. SARS-CoV-2 spike, nucleoprotein, and neutralising antibodies were
assessed at multiple timepoints as part of the longitudinal follow-up.

Findings Between April 10 and Aug 3, 2020, we recruited and tested 1625 individuals (933 staff and 692 residents).
248 participants were lost to follow-up (123 staff and 125 residents) and 1377 participants were included in the follow-
up period to Jan 31, 2021 (810 staff and 567 residents). There were 23 reinfections (ten confirmed, eight probable, five
possible) in 656 previously infected individuals (366 staff and 290 residents), compared with 165 primary infections in
721 susceptible individuals (444 staff and 277 residents). Those with confirmed reinfections had no or low neutralising
antibody concentration before reinfection, with boosting of titres after reinfection. Kinetics of binding and neutralising
antibodies were similar in older residents and younger staff.

Interpretation SARS-CoV-2 reinfections were rare in older residents and younger staff. Protection from SARS-CoV-2
was sustained for longer than 9 months, including against the alpha variant. Reinfection was associated with no or
low neutralising antibody before reinfection, but significant boosting occurred on reinfection.

Funding Public Health England.

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

Introduction

The COVID-19 pandemic had a disproportionately high
effect on care homes worldwide, with case fatality rates of
up to 25% among the oldest and most frail residents.**
Care home staff, although younger and healthier than
residents, have among the highest SARS-CoV-2 infection
and fatality rates of any occupation.” Consequently,
residents and staff in long-term care facilities are
prioritised for COVID-19 vaccination in many countries.*”’
Understanding immune responses and duration of
protection after infection in this high-risk group,
particularly in the context of new variants, is crucial for
designing vaccination strategies.®* Highly transmissible
alpha and delta variants have successively replaced early
strains in the UK and elsewhere, and other variants such
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as beta and gamma that have less clear transmission
advantages but more pronounced antigenic variation
circulate in other parts of the world.

We investigated COVID-19 outbreaks in care homes
in England early in the pandemic and found high rates of
SARS-CoV-2 infection among residents and staff.> We
did a prospective longitudinal cohort of 13 London care
homes in April, 2020, with regular sampling of staff and
residents, including serum antibodies.” Antibody
seroprevalence varied markedly between care homes
(from 10-7-84-0%), indicating marked heterogeneity of
exposure during the first wave (peak in April, 2020).”
118 (89-4%) of 132 seropositive individuals had
neutralising antibodies irrespective of age, sex, or
symptom status."
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Research in context

Evidence before this study

We searched PubMed with the terms “COVID-19” or
“SARS-CoV-2", “care home”, “nursing home”, “nursing facility”
or “residential home”, and “reinfection” or "humoral immunity”
to identify publications relating to SARS-CoV-2 reinfections and
longevity of antibody responses to natural infection between
Jan 1, 2020, and June 30, 2021. Protection from reinfection
following natural infection was reported to last at least

6 months in healthy adults, mainly in longitudinal cohorts of
health-care workers. Among older care home residents and
staff, reports suggest protection for at least 10 months after
primary infection.

Added value of this study
Antibody persistence was similar between care home residents
and staff members, with reinfections occurring rarely in either

In England, the alpha variant was first identified in
September, 2020, and increased rapidly from November,
becoming responsible for more than 90% of community
infections by the end of December, and more than 98%
by the end of January, 2021.” General population studies
involving previously infected adults reported reinfection
rates of less than 19, but protection from reinfection
decreased with age.” We report on the duration,
neutralising activity, and protection against the alpha
variant of previous SARS-CoV-2 infection in care home
residents and staff infected more than 6 months
previously.

Methods

Study design and participants

We did this prospective observational cohort study in
13 care homes in London, England. The care homes
included provide residential or nursing care, including
specialist dementia care, for between 40 and 110 residents
per home, aged from 40 to over 100 years."

Eight of the included care homes underwent whole-
home SARS-CoV-2 RT-PCR testing during the first wave
(timepoint TO; weeks 15-17, 2020) because of a confirmed
outbreak (=2 cases within 14 days; six care homes),? or a
single case (two care homes). Five care homes reported
no cases during the same period.” All residents and staff
were offered SARS-CoV-2 antibody testing more than
4 weeks after timepoint TO (timepoint T1; weeks
20-30, 2020), irrespective of symptoms, and all patients
and staff who remained in the care homes were followed
up between Aug 4, 2020, and Jan 31, 2021, with no
exclusion criteria.

Vaccination in care homes started on Dec 10, 2020. By
Jan 31, 2021, 60% of residents had received the first dose,
compared with less than 5% of staff. Because of the UK
recommended 12-week interval between doses, no
patient or member of staff received a second dose before
the end of the follow-up period.

group, indicating high protection for at least 9 months after
previous infection, including against emerging SARS-CoV-2
variants. The few individuals with reinfection had low or

undetectable neutralising antibody titres before reinfection.

Implications of all the available evidence

Given the high morbidity and mortality associated with
COVID-19 outbreaks in care homes, our data provide evidence
of high antibody persistence in older residents after primary
infection and subsequent protection from reinfection. Further
studies are needed to assess whether a single dose of vaccine
might be sufficient to protect previously infected care home
residents and staff in countries with poor access to vaccination.
Immune evasion by circulating variant viruses and time since
primary infection will need to be considered when evaluating
the appropriateness of such an approach.

Care home managers obtained informed verbal
consent from staff members and from residents who
could give their own consent. Otherwise, next of kin
provided informed verbal consent. The protocol was
reviewed and approved by the Public Health England
(PHE) Research Ethics and Governance Group (NR0204).

Procedures

Care home staff underwent regular nose and throat swab
screening for SARS-CoV-2 RT-PCR according to national
guidelines, with ad hoc testing of symptomatic
individuals. Testing capacity was low at first but improved
from the last quarter of 2020." Staff members swabbed
themselves and the residents. Although national
guidelines mandated testing of staff once every week and
testing of residents once every 4 weeks, total numbers of
tests were similar between the two groups in this cohort
(appendix p 2). The swabs were initially tested in national
testing laboratory networks and PHE Colindale, but RT-
PCR testing was done only at PHE Colindale by the end
of September, 2020, for 12 care homes, whereas the
remaining care home continued testing through their
local National Health Service laboratory. From
January, 2021, national screening policy for care homes
incorporated SARS-CoV-2 antigen lateral flow devices,
although a positive test continued to require RT-PCR
confirmation.

Symptom status for all RT-PCR positive individuals in
the 2 weeks before and after the test was obtained
through self-reporting questionnaires by staff. For
residents this was recorded by staff caring for them.
Typical symptoms (fever, shortness of breath, or cough)
and atypical symptoms (delirium, fatigue, lethargy,
diarrhoea, or reduced alertness) were recorded, with free-
text options to include other symptoms.

As part of follow-up, care home staff and residents had
blood sampling for antibody persistence 4 or more
months after baseline T1 serology (timepoint T2,
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weeks 4046, 2020). Individuals who were SARS-CoV-2
RT-PCR positive during the surveillance period were
offered serological testing at least 28 days later. In care
homes with a suspected COVID-19 outbreak, whole-home
RT-PCR testing was done on days 0, 7, and 28, alongside
serological testing on day 28."

SARS-CoV-2 RT-PCR testing at PHE Colindale was
done using RT-PCR assays targeting the Orflab and
E genes.”® RT-PCR testing done in other clinical
laboratories used different commercial tests. Whole
genome sequencing (WGS) for RT-PCR positive samples
was done as previously described.” Serological analysis
included a native virus antigen lysate assay," receptor
binding domain (RBD) assay,® and a commercial
nucleocapsid protein antibody assay (Abbott, Chicago IL,
USA). Seropositivity was defined as reactivity above the
defined assay cutoff on 2 or more assays. Neutralising
antibody titres were assessed for a subset of individuals
using a live virus neutralisation assay against the virus
strain isolated from the second case detected in England
(England.2) and alpha strains.”

Outcomes

The primary outcome was SARS-CoV-2 RT-PCR positivity
during the follow-up period. This was defined as primary
infection in those with no previous SARS-CoV-2 exposure
(previous negative RT-PCR samples or negative serological
tests). Suspected reinfection was defined as RT-PCR
positivity in an individual who had been SARS-CoV-2
RT-PCR positive at least 90 days previously, or was
seropositive. Reinfection was designated as confirmed if
baseline serology was positive across 2 or more assays and
RT-PCR positive respiratory material was available for
confirmation at PHE Colindale. Reinfection was
considered probable if the RT-PCR positive sample was
not available for confirmation, whereas possible
reinfections included patients with discordant baseline
serology (contradictory results between serological assays)
and without a swab for confirmation. Secondary outcomes
were seroconversion in the absence of RT-PCR positivity,
and antibody persistence.

Statistical analysis

The study included all staff or residents in care homes
at the time of the original investigations in
weeks 15-30, 2020; there were no exclusions.**" From
Aug 4, 2020, staff or residents in the original cohort who
were still in the home were followed up with repeat
RT-PCRs and serology and included in the analysis.
RT-PCR results in individuals associated with these care
homes were obtained from national databases (Unified
Single Dataset, Second Generation Surveillance System,
and PHE Colindale Laboratory Information Management
System). Data were analysed using R (v4.0.2) in R Studio
(v1.3.1056) with the cowplot (v1.1.0), eeptools (v1.2.4),
egg (v0.4.5), grid (v40.2), ISOweek (v0.6.2),
lubridate  (v1.79.2), plyr (v1.8.6), readxl (v13.1),
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scales (v1.1.1), stringdist (v0.9.6.3), survival (v3.2.7),
survminer (v0.4.8), tidyverse (v1.3.0), tm (v0.78),
and zoo (v1.8.8) packages. Continuous data that did not
follow a normal distribution are presented as medians
with IQRs and compared using the Mann—-Whitney U test.
Antibody results are presented as index values or titres
with geometric mean titres (GMTs) and 95% Cls.
Correlations for non-parametric data were assessed using
Spearman’s rank correlation with 95% CI. Data were
analysed using GraphPad Prism.

We used a cohort analysis to explore protection against
reinfection. Poisson regression and Cox proportional
hazards models were fitted with a new positive RT-PCR
result as the outcome. Participants were censored at

1625 participants enrolled and underwent
testing
933 staff
692 residents

Baseline

248 lost to follow-up*
» 123 staff
v 125 residents
1377 still at care home and followed up
810 staff
567 residents

v

1171 with serology result
712 staff
459 residents

845 with =2 serology results
463 staff
382 residents

1352 with =2 RT-PCR results
786 staff
566 residents

Follow-up

Figure 1: Trial profile
*Including residents who died or moved from the care home and staff who
changed employment.
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Figure 2: Numbers of SARS-CoV-2 RT-PCR tests, positive results, and outbreaks in care homes during the

study period

*QOutbreak was defined as two or more people with positive SARS-CoV-2 RT-PCR results within 14 days. The dashed

line indicates commencement of vaccination in cohort.
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Figure 3: Antibody longevity between T1 and T2 timepoints

(A) Seropositive staff and residents by binding assays. (B) Seropositive staff and residents with detectable
neutralising antibody titres to live virus (England.2). Timepoint T1 was May, June,or July, 2020, 4 weeks after the
first set of testing. Timepoint T2 was September or October, 2020, 4 months after baseline T1 serology. *201 staff
and 147 residents, p>0-9999. 1193 staff and 142 residents, p=0-84. 180 staff and 136 residents, p=0-026; Fisher’s
exact p<0-05. §46 staff, loss between T1 and T2 p=0-0063; Fisher’s exact p<0-005. 986 residents, loss between
T1and T2 p<0-0001; Fisher’s exact p<0-0001.

A B
107 Tl 10 4
T2
10° . See®
£ 104 !
5
105 = 2 ; R
. o < i
[ . . 2 3
: = :
RIS B S § 102 i . .
@ i =) ] .
2 . '
10’ . E :
,,,,,,,,,,,,,,,,,,,,,,,, =] 1_|
i x5 2 10
10° - [5[51
10 1 10° T T 1
Ab+T1* Reinfection  Boostingf Ab+T1% Reinfection  Boosting§

Figure 4: RBD and neutralising antibody titres by previous infection status

(A) RBD titre to England.2 strain at T1 and T2 for all individuals with detectable RBD antibodies at T1. (B) Live virus

neutralising antibody titre to England.2 virus at T1 and T2 for all individuals with detectable RBD antibodies at T1.
Bars indicate geometric mean and 95% Cl. Dashed line indicates assay threshold. Timepoint T1 was May, June,

or July, 2020, 4 weeks after the first set of testing. Timepoint T2 was September or October, 2020, 4 months after
baseline T1 serology. RBD=receptor binding domain assay. Statistical analysis using Wilcoxon matched pairs:
#p<0-0001, Tp=0-039. $p<0-0001, §p<0-0039.
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their last positive RT-PCR test date or Jan 31, 2021.
Individuals were not censored at vaccination. For Cox
proportional hazards, baseline hazard functions could
vary by care home, and a random effect for care home
was used for Poisson regression to take into account
care-home  specific outbreaks. Models included
adjustments by staff or resident, sex, and age group
(16-29 years [August—September], 16-29 years [October—
January], 30-69 years, and =70 years). A simple age—time

interaction was included for the youngest age group;
infections between August and September, 2020, were
more frequent among young adults (staff), in accordance
with surveillance data.

Role of the funding source

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

Results

Between April 10 and Aug 3, 2020, 1625 individuals
(933 staff and 692 residents) were enrolled for testing at
baseline and 1377 (84-7%; 810 staff and 567 residents)
with baseline RT-PCR, serology, or both were followed
up, including 845 (463 staff and 382 residents) who had
additional blood sampling for SARS-CoV-2 antibodies
(figure 1). The 248 individuals who were lost to follow-up
included residents who died or moved from the care
home and staff who changed employment. Age and sex
distributions were similar between the originally enrolled
and follow-up cohorts (appendix p 4). The median age
was 49 years (IQR 39-57) in staff, and 87 years (80-92) in
residents (appendix p 4). 487 (70-4%) of 692 residents
and 764 (81-9%) of 933 staff were female (appendix p 2).
Staff and residents had similar numbers of RT-PCR
and blood tests after sporadic infection and outbreak
investigations (appendix p 2).

After the first peak of infections in April, 2020,
(weeks 13-21), positive test results declined during
summer, with occasional cases in susceptible staftf and
residents, but no outbreaks, before rising again during
early autumn, with outbreaks in 12 homes (week 40,
2020, to week 2, 2021; figure 2). The alpha variant
accounted for more than 90% of all cases in England by
the end of January, 2021. Outbreaks before December,
2020, were exclusively caused by original pre-alpha
viruses, and were predominantly caused by the alpha
variant thereafter. The proportion of new infections
caused by the alpha variant in care homes increased with
the increasing frequency of circulating alpha variant in
the community.

The mean interval between T1 and T2 blood sampling
was 133 days (range 86-161 days). During this period,
there was an outbreak in one home, which was excluded
from antibody longevity assessments. In the remaining
12 homes, antibodies remained positive for more
than 90% of individuals and at similar rates between staff
and residents in native viral lysate antigen ELISA
(330 [94-8%)] of 348 participants] and spike protein RBD
(308 [91-9%] of 335; figure 3A). By contrast, more
than 30% of individuals lost detectable nucleocapsid
(120 [38-0%] of 316 participants) and neutralising
antibodies (42 [35-0%)] of 120 participants) at T2 (figure 3).
A similar proportion of staff and residents lost
neutralising antibodies (12 [29%] of 41 staff and 30 [38%)]
of 79 residents; p=0-71; figure 3B), but a higher
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proportion of staff sero-reverted in the nucleocapsid
assay (78 [43%)] of 180 staff and 42 [31%] of 136 residents;
p=0-026; figure 3A). For the participants who were
seropositive at T1, there was a small but significant
decline between T1 and T2 in both RBD antibody titres
(1197 at T1 and 564 at T2; p<0-0001) and neutralising
antibody titres (76-4 at T1 and 29-1 at T2; p<0-0001).
Nine participants with RBD antibodies at T1 (2%;
3 residents and 6 staff [2%]) of 442 people with RBD
antibodies at T1 had a more than 4-times increase in titre
at T2 (1488 at T1 and 14022 at T2; p=0-039), associated
with significant boosting of neutralising antibody titres
(76-7 at T1 and 573 -8 at T2; p=0-0039; figure 4).

Of the 1377 individuals followed up since Aug 4, 2020,
1171 (85-0%) had serological testing (712 staff and
459 residents) at T2. We recorded 23 potential
reinfections, including ten confirmed reinfections
(five staff and five residents; only one staff member was
symptomatic with mild fever and cough), eight probable
re-infections, and five possible re-infections among
656 previously infected individuals (366 staff and
290 residents). Of 618 (353 staff and 265 residents)
individuals who were seropositive at T1, 20 (3%; 13 staff
and seven residents) had a positive RT-PCR after T2
(appendix p 5). One resident who seroconverted between
T1 and T2 was subsequently RT-PCR positive during an
outbreak after T2. Two residents of 167 individuals
(55 staff and 112 residents) who were RT-PCR positive
during the first wave became SARS-CoV-2 RT-PCR
positive again between December, 2020, and January,
2021 (appendix p 5).

WGS was obtained for seven of ten confirmed
reinfections and showed various viral lineages, with
six due to the alpha variant; virus was cultured from

four of six patients (table 1). RT-PCR cycle threshold
values were similar between primary and confirmed
reinfections (Mann-Whitney test p=0-055; appendix
p 6). One staff member who tested positive with a
B.1.1.36.28 lineage in October, 2020, was reinfected
before the emergence of the alpha variant (table 1,
figure 5). Of the 13 probable and possible reinfections,
genomic lineage information was available for only
two possible cases (B.1.1.7 and B.1.177).

Longitudinal serological responses in the ten people
with confirmed reinfection showed that none had
detectable neutralising antibodies to England.2
(representative of early circulating virus) or the alpha
variant at the last sampling timepoint before reinfection;
seven of ten did not have neutralising antibody titres at
any stage before reinfection following primary infection.
One asymptomatic resident did not seroconvert by any
assay after first confirmed infection (figure 5A, B). Only
six of ten had RBD IgG antibodies before reinfection
(figure 5C).

After confirmed reinfection, follow-up serology was
available for nine of ten individuals who all had boosting
of RBD and neutralising antibodies against England.2
and alpha variant viruses, including six people who had
confirmed reinfection with alpha (figure 5; table 1). There
was a significant correlation between neutralising titres
to the England.2 virus and alpha variants (r=0-93,
95% CI 0-86-0-97; p<0-0001, figure 5D), indicating a
close antigenic relationship between the two variants.
Individuals reinfected with the alpha variant had both an
alpha variant antibody response and boosting of their
original neutralising antibody response to England.2.
RBD antibody titres in reinfected individuals had
significantly positive correlation for neutralising antibody

Role Age Sex  Diagnosis of Ctvalue Virus Lineage Symptom 2nd PCR + Ctvalue Lineage Virus  Symptom
group, primary isolate* status TO isolate status
years infection reinfection
1 Staff 30-39 F Seropositive T1 NA NA NA Asymptomatic  Sept30,2020 3365 B.1.36.28 N Asymptomatic
2 Staff 30-39 F PCR+TO 38.08 ND Failed Asymptomatic ~ Dec17,2020  21.49 B.1.17 Y Asymptomatic
Seropositive T1 sequencing*
3 Staff 20-29 F PCR +TO 35.56 ND B.40 Asymptomatic ~ Jan 3,2021 20-57 B.1.1.7 Y Symptomatic
Seropositive T1
4 Staff 20-29 F Seropositive T1 NA NA NA Asymptomatic Jan 4,2021 26-35 B.1.1.7 Y Asymptomatic
5 Staff 40-49 M Seropositive T1 NA NA NA Asymptomatic ~ Jan13,2021  26-61 B.117 Y Asymptomatic
6 Resident 80-89 F PCR+TO 3498 Y B.1.1.162 Asymptomatic ~ Jan 13,2021 27-47 B.1.1.7 N Asymptomatic
7 Resident 90-99 F Seropositive T1 NA NA NA Asymptomatic ~ Jan 16,2021 35-53 Failed N Asymptomatic
sequencing
8 Resident 80-89 F Seropositive T1 NA NA NA Asymptomatic  Jan16,2021  36-25 Failed N Asymptomatic
sequencingt
9 Resident 90-99 F PCR+TO 2833 ND B Asymptomatic  Jan16,2021  30-52 B.117 N Asymptomatic
Seropositive T1
10 Resident 70-80 F Seropositive T1 NA NA NA Asymptomatic ~ Jan20,2021  33-09 Not N Asymptomatic
sequencedf
Ct=cycle threshold. *Y=live virus isolated in viral culture; N=live virus not isolated in viral culture; NA=not applicable; ND=not done. fUnacceptable level (>20%) of unresolvable nucleotides. Insufficient volume
of material remaining for sequencing. Timepoint T1 was May, June, or July, 2020, 4 weeks after the first set of testing. Timepoint T2 was September or October, 2020, 4 months after baseline T1 serology.
Table 1: Characteristics of individuals with confirmed reinfection
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Figure 5: Antibody titres of individuals with reinfection over time

(A) Live virus 50% reduction in neutralising antibody measured by Focus reduction (FRNT50) to England.2 virus. (B) Live virus FRNT50 to alpha (B.1.1.7). (C) RBD specific
IgG titres over time for the 10 individuals with confirmed reinfection (identification numbers correspond to table 1). (D) Correlation between live virus FRNT50 to
England.2 virus and live virus FRNT50 to alpha (B.1.1.7) virus. Statistical analysis using Spearman’s rank correlation coefficient (r). X axes refer to timepoints of serological
sampling in figures A-C. A minimum of two samples were available for nine individuals with the first sample in May or June, 2020 (at T1), and second sample in
September or October (at T2). One individual only had one sample available before reinfection. Samples 1 and 2 represent samples taken from individuals before
reinfection (T1 or T2) and samples 3 and 4 represent samples taken after reinfection. Post-reinfection serological samples were available for nine individuals who had a
sample within 7-14 days of reinfection RT-PCR (sample 3); an additional five had a further sample (sample 4) taken 4-6 weeks after reinfection RT-PCR. RBD=receptor
binding domain assay. FRNT50=focus reduction neutralisation test with 50% reduction of the virus control.

RR (95% Cl) Protective
effectiveness*®
(95% Cl)
Whole cohort: 0-06 (0-03-0-12); 94-1% (88-2-97-0)
confirmed reinfections  p<0-001
Residents: confirmed 0-04 (0-02-0-11); 95-9% (88-9-98-5)
reinfections p<0-001
Staff: confirmed 0-08 (0-03-0-21); 91-8% (78-6-96-8)
reinfections p<0-001
Whole cohort: all 0-15 (0-09-0-24); 85-5% (76-1-91-1)
suspected reinfections  p<0-001

RR=relative risk. *Calculation of protective effectiveness of previous natural
infection calculated using Poisson regression, 100x(1-RR).

Table 2: Protective effectiveness of previous SARS-CoV-2 infection

titres to both England.2 (r=0-91, 0-82-0-96; p<0-0001)
and alpha (r=0-84, 0-69-0-92; p<0-0001) viruses across
all timepoints (data not shown).

After excluding individuals with probable or possible
reinfection and those with boosting of titres between
T1and T2, RBD antibody GMTs (n=10) before reinfection
were significantly lower in individuals with confirmed
reinfection compared with the most recent RBD titre in
the rest of the cohort (152-4 [95% CI 76-4-304-1] vs
564-2 [508-7-625-8], p=0-0002), as were neutralising
antibody GMTs (14-21 [95% CI 7-84-25-75] s

29-12 [24-01-35-32], p=0-03; figure 4). RBD titres of
eight of ten reinfected individuals before reinfection
were in the lowest quartile of titres (<251-0) of individuals
without reinfection.

Ten confirmed reinfections were recorded during
follow-up of 103557 person-days, compared with
165 primary infections in individuals with no infection
history over 87131 person-days. The estimated relative
risk (RR) using adjusted Poisson regression analysis
was 0-06 (95% CI 0-03-0-12, p<0-0001) with protective
effectiveness estimate using RR from a comparison of
proportions (100x[1-RR]) of 94-1% (95% CI 88-2-97-0)
against reinfection (table 2). Protective effectiveness was
similar when calculated by estimated hazard ratio (HR)
using adjusted Cox proportional hazards model of 0-05
(95% CI10-03-0-11, p<0-0001) and protective effectiveness
estimate using HR from a comparison of proportions
(100x[1-HR]) of 94-8% (95% CI 89-4-97-4). Separate
models were fitted for residents and staff, both yielding
high protective effectiveness (table 2; appendix p 3). If
probable and possible reinfections were included,
protective effectiveness from previous exposure calculated
by Poisson regression was 85-5% (95% CI 76-1-91-1,
table 2), with no differences when analysing residents
and staff separately. The proportional hazards assumption
was met (appendix pp 3, 7).
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Discussion

We found very low rates of reinfection among residents
and staff, even in the high-risk, closed environment of
care homes and after the emergence of the alpha variant,
consistent with our previous observations and those of
others.””” We report that individuals with reinfection
either never made an antibody response, made a poor
antibody response, or sero-reverted after primary
infection and before reinfection. Importantly, protective
effectiveness from previous infection, estimated using
multiple statistical methods, was not significantly
different between older residents and younger staff, even
when separate models were fitted for residents and staff.

Reinfection with SARS-CoV-2 is well documented,”*
but the correlates of protection against reinfection remain
poorly defined.®* Both older residents and younger staff
are equally represented among confirmed and probable
reinfections, despite similar numbers of RT-PCR tests
done in both cohorts, indicating that age is not a major
determinant of susceptibility to reinfection. Although
vaccination for residents began in December, 2020, this
coincided with the peak in community infection rates and
outbreaks due to the alpha variant in these homes.
Although the vaccine programme was still in its early
phases, it is notable that there were no reinfections in
vaccinated individuals after their first dose during the
46 days between the earliest vaccine dose and the end of
the investigation period.

Longitudinal studies have reported persistent
antibodies™® and protection against reinfection for longer
than 6 months in healthy adults.*”* In our previous
investigation of this cohort, we found no differences in
seropositivity rate, antibody concentration, or neutralising
antibody titre between residents and staff, irrespective of
sex or symptom status in the first few months after primary
infection.” These observations are now extended up to
9 months. Neutralising antibodies are important for
protection against reinfection, as shown in animal models™
and case reports of human infections.** Studies based on
modelling predictions and synthesis of observational
studies suggest that neutralising antibody titres can be
predicted at which there is 50% protection against
infection, and that this titre lies at approximately 20%
(95% CI 4-4-28-4) of mean convalescent titres of
neutralising antibodies of 1:10 to 1:30 in most studies.”
This empirical observation is consistent with our observed
differences in antibody titres between those with and
without confirmed reinfection. In those people with
confirmed reinfection, neutralising antibodies were
undetectable before reinfection, eight of ten had RBD
antibody titres in the lowest quartile, and both increased
significantly after reinfection.

The observation that reinfection rates were similar
among residents and staff is important because of
concerns about immunosenescence and higher fatality
among residents,””* and the potential for immune evasion
by new variants.** Before the alpha variant emerged, we
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estimated previous infection to be 96-2% protective
against reinfection with previously circulating strains.”
Our estimates, with more cases and longer follow-up than
in previous studies and our previous observations indicate
that previous infection remains highly protective against
reinfection, including against the alpha variant.

The close concordance of neutralising antibodies
between prototype older variants and the alpha variant is
also consistent with previous studies,” but cannot be
extrapolated to more antigenically diverse variants, such
as beta. The emergence and rapid spread of the alpha
variant, which is known to cause more severe disease
and higher fatality than previously circulating strains,**
was associated with large outbreaks in care homes across
England, including among the care homes under
investigation. This variant is characterised by multiple
mutations across the viral genome separating it from its
closest predecessors. Nine mutations occur in the spike
protein, a key immunogen for human antibody response,
including RBD mutations, which can affect binding with
ACE2, the host cell receptor.®*

WGS identified multiple separate introductions of
the virus into the care homes, consistent with our
previous findings,*® but low transmission within
individual care homes (data not shown), most likely
because of the extensive infection controls and acquired
immunity compared with the first pandemic wave. The
largest care home outbreaks occurred in those with the
lowest seroprevalence after the first wave (data not
shown).

Our study has some limitations. The participating care
homes were all in greater London and, therefore, might
have higher staff turnover and greater dependency on
temporary staff than elsewhere, which could in turn
increase the propensity to introduce infection in these
homes. Resident turnover is related to life expectancy and
is crudely estimated at 16% between Aug 4, 2020, and
Jan 31, 2021." The level of care provided by individual
homes is not controlled for in this study, and individual
staff turnover varies greatly between homes (<5% to >20%).
Our follow-up cohort only includes survivors of the first
pandemic wave and might not be representative of all care
home residents.”” Immunological studies suggest that
older adults with severe or fatal COVID-19 might have a
defect in at least one protective immunological pathway
compared with survivors.*® Another limitation is that
screening swabs were initially sent to different national
testing sites and could therefore not be verified, sequenced,
or cultured. The overlap between vaccination and our
investigation period was 46 days and, given the differential
rate of single-dose vaccine uptake among residents and
staff, and different testing regimens, it is difficult to
realistically assess bias, when there was simultaneously
high community prevalence and multiple outbreaks in
care homes.

Natural infection with SARS-CoV-2 protects adults of
all ages against antigenically similar variants, including
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the alpha variant, up to 9 months later. Reinfections are
rare and associated with low or no neutralising antibody
response after primary infection, followed by boosting
of antibody responses after reinfection, indicating a
strong correlation between susceptibility to infection
and humoral antibody titre, and recognising that the
role of cellular immunity in protection remains to be
fully established. Ensuring that high concentration
of neutralising antibody is maintained following
vaccination campaigns will be an important contributor
to overall protection from emerging variants across age
groups.

On Dec 8, 2020, the UK became the first country to
vaccinate against COVID-19 with a fully tested vaccine.
The vaccination programme has been highly successful
in preventing hospital admissions and deaths among
vaccinated individuals including older adults,” who
develop robust antibody and cellular responses even after
a single dose, especially if previously infected.®* Further
studies are needed to establish the breadth of protection
provided by vaccines and previous infection against new
variants, and whether neutralising antibody titres can
serve as proxy correlates of protection.
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