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ABSTRACT

Introduction Understanding the effectiveness and
durability of protection against SARS-CoV-2 infection
conferred by previous infection and COVID-19 is essential
to inform ongoing management of the pandemic. This
study aims to determine whether prior SARS-CoV-2
infection or COVID-19 vaccination in healthcare workers
protects against future infection.

Methods and analysis This is a prospective cohort study
design in staff members working in hospitals in the UK. At
enrolment, participants are allocated into cohorts, positive
or naive, dependent on their prior SARS-CoV-2 infection
status, as measured by standardised SARS-CoV-2 antibody
testing on all baseline serum samples and previous SARS-
CoV-2 test results. Participants undergo monthly antibody
testing and fortnightly viral RNA testing during follow-up
and based on these results may move between cohorts.
Any results from testing undertaken for other reasons

(eg, symptoms, contact tracing) or prior to study entry

will also be captured. Individuals complete enrolment and
fortnightly questionnaires on exposures, symptoms and
vaccination. Follow-up is 12 months from study entry, with
an option to extend follow-up to 24 months.

The primary outcome of interest is infection with SARS-
CoV-2 after previous SARS-CoV-2 infection or COVID-19
vaccination during the study period. Secondary outcomes
include incidence and prevalence (both RNA and antibody)
of SARS-CoV-2, viral genomics, viral culture, symptom
history and antibody/neutralising antibody titres.

Ethics and dissemination The study was approved by
the Berkshire Research Ethics Committee, Health Research
Authority (IRAS ID 284460, REC reference 20/SG/0230)

on 22 May 2020; the vaccine amendment was approved

,' Mary Ramsay, Colin S Brown,' Meera Chand,’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= As far as the authors are aware this is the largest
longitudinal cohort study globally examining the
question of reinfection with SARS-CoV-2 in a high-
ly exposed population; the study should capture
the vast majority of positive cases with regular
asymptomatic PCR testing, widespread workplace
Lateral Flow Testing and data infrastructure to cap-
ture all additional testing following symptoms and
exposures.

= Rich prospective data collection on reinfections and
vaccine breakthroughs, including serial serum sam-
ples (pre-event and postevent), enabling analysis of
correlates of protection.

= The flexible design of this cohort study has enabled
the study to adapt to examine vaccine effectiveness
as vaccines were rolled out in the UK.

= The study design allows detailed investigations of
sub-groups within the main cohort, through external
research collaborations.

= Differences in demographics, general health and
ongoing risk of exposure between healthcare work-
ers and the general population mean that the results
may not be fully generalisable to the UK population.

on 12 January 2021. Participants gave informed consent
before taking part in the study.

Regular reports to national and international expert
advisory groups and peer-reviewed publications ensure
timely dissemination of findings to inform decision making.
Trial registration number ISRCTN11041050.
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INTRODUCTION

SARS-CoV-2, a novel coronavirus which causes respiratory
illness, was first identified in China in December 2019.!
Following global spread of the virus, the WHO declared a
national pandemic in March 2020.> Globally 315 million
cases had been reported to the WHO by 13 January 2022,
with 5 510 174 deaths attributed to COVID-19,3 and
both the virus and the measures put in place to reduce
the spread have led to significant economic and societal
impacts. Whether and why individuals are re-infected with
SARS-CoV-2 or infected after COVID-19 vaccination, the
severity and transmissibility of these infections, how long
infection-acquired and vaccine-acquired protection last
and the impact of different SARS-CoV-2 variants remain
crucial questions to inform the ongoing pandemic
response.

The risk of reinfection for individuals who have previ-
ouslyhad COVID-19was poorlyunderstood when this study
commenced in June 2020. Early evidence of cases of rein-
fection was demonstrated initially in a handful of exam-
plesfHo Since then a number of papers, including from
Sarscov2 Immunity & REinfection EvaluatioN (SIREN),
have demonstrated reduced risk of infection, generally
over 80%, in those with prior infection.''™* However,
there is also evidence of reducing infection-acquired'’
and vaccine-acquired immunity over time demonstrated
by reinfections/breakthrough infections.'*"’

Alarge number of studies have examined antibody titres
over time following both infection and vaccination; while
neutralising antibodies do appear to persist for several
months, many studies report waning of titres over time
but often with large variations between individuals.'”"
However, much still needs to be understood regarding
the implications of antibody titres on protection from
becoming infected or suffering severe illness. Continued
follow-up of well-defined cohorts is therefore enormously
valuable, particularly given evidence of vaccine waning
and with the emergence of new variants, most recently
Omicron.”

Surveys of healthcare workers in the UK have consis-
tently demonstrated higher positive antibody prevalence
compared with the general populatior1,21_24 while one
early observational cohort study of over 2 million people
in the USA and UK in 2020 found a HR of 3.4 (95%
CI 3-37 to 3:43) among healthcare workers reporting
a positive test compared with non-healthcare workers,
after adjustment to account for more frequent testing
in healthcare workers.” Reasons for higher rates may
include occupational exposure and increased testing
through staff testing programmes and/or easier access to
testing. Healthcare workers are therefore an ideal popula-
tion for a study examining the risk of reinfection, as they
have a high baseline antibody prevalence, relatively high
ongoing SARS-CoV-2 exposure and undergo frequent
routine asymptomatic SARS-CoV-2 screening.

The SIREN study, a large prospective cohort of health-
care workers undergoing regular testing, was initiated to
examine the impact of SARS-CoV-2 antibodies on the risk

of infection with COVID-19. However, it has been and
continues to be agile in response to the evolving ques-
tions of the pandemic, adapting to new developments,
including responding to research needs connected to
vaccine deployment and variant emergence.

METHODS AND ANALYSIS

Study design

This is a prospective longitudinal cohort study which has
enrolled over 44 000 individuals between 18 June 2020
and 31 March 2021. Individuals are initially followed up
for 12 months, however, an extended optional follow-up
period of a further 12 months follow-up is offered to
participants at sites participating in the extension with
regular data collection. Enrolment took place between
between 18 June 2020 and 31 March 2021. All partici-
pants’ follow-up will be completed by 31 March 2023.

Study objectives

The overall aim of this study is to determine if prior SARS-
CoV-2 infection in healthcare workers confers future
immunity to reinfection.

Primary objective

To determine whether the presence of antibody to SARS-
CoV-2 (anti-SARS-CoV-2) is associated with a reduction in
the subsequent risk of reinfection over short-term periods
(reviewed monthly) and the next year.

Secondary objectives

1. To estimate the prevalence of SARS-CoV-2 infection
in staff working in healthcare organisations by re-
gion, using baseline serological testing at study entry
and symptom history from 1 January 2020 to date of
study entry.

2. To estimate the subsequent incidence of symptomatic
and asymptomatic SARS-CoV-2 infection and deter-
mine how this varies over time, using regular PCR
testing (combined with any intercurrent symptomatic
testing).

3. To estimate cumulative incidence of new infections
in staff working in healthcare organisations stratified
by age, sex, staff group, ethnicity and comorbidities.

4. To measure the ability to culture viable virus from
cases of reinfection diagnosed by PCR and whether
those who are persistently positive on PCR are con-
tinuing to shed viable virus.

5. To use genomic comparison to determine whether
healthcare workers who become PCR-positive for a
second time within a defined time frame are experi-
encing persistent infection or confirmed reinfection.

6. To determine how serological response changes over
time.

7. To determine whether there is a relationship between
serological response (using enzyme immunoassay de-
tection of IgG) and the presence of neutralising (pro-
tective) antibodies.
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8. To identify serological, demographic or clinical fac-
tors that correlate with the presence of neutralising
antibodies, including subsequent disease severity.

9. To investigate the phylogenetic relatedness of SARS-
CoV-2 viruses causing staff working in healthcare or-
ganisations infections.

10. To monitor effectiveness of a vaccine /vaccines against
infection and symptomatic disease.

11. To monitor immune response to vaccination over
time

Participants and recruitment

Population

The eligible population are staff members of healthcare
organisations. Staff are recruited from healthcare organ-
isations participating as SIREN sites, and all National
Health Service (NHS) Trusts/Health Boards (organisa-
tions that manage hospitals) in England, Scotland, Wales
and Northern Ireland have been invited to join.

Eligibility

A participant is eligible to join the study if they are a
healthcare organisation staff member who works in a clin-
ical setting where patients are present, can provide written
consent, and is willing to remain engaged with follow-up
for 12 months. Temporary short-term staff members are
not eligible.

Recruitment and consent
Sites are responsible for recruiting eligible participants,
according to their own processes. Sites are recommended
to circulate all staff communications inviting volunteers
and to monitor the demographics of their cohort as they
recruit, aiming to represent their staff population. There
are no requirements for quotas or structured sampling.
Interested and eligible potential participants are
provided with a unique study number and passcode by
their site research team and directed to enrol in the study
by completing the online consent form and enrolment
questionnaire. On completion of the online consent
form and enrolment questionnaire, participants join
the SIREN cohort. Site research teams are automatically
informed of participant enrolment in real time and can
then proceed with testing.

Recruitment into extended follow-up

Up to an additional 12-month follow-up is offered to
participants at selected sites offering the study extension.
Participants are sent an Extension Preference Survey 4
weeks before their original study end date, allowing them
to opt in or out of continued follow-up. Site teams are
automatically informed of participant responses to orga-
nise appropriate testing. For participants opting in, the
Extension Preference Survey also collects updated demo-
graphic information, such as workplace setting and post
code, in order to capture potential changes since comple-
tion of the enrolment survey at the beginning to their
study period.

For sites opting out of the extension, participants do
not receive the Extension Preference Survey and end
their study period 12 months from enrolment.

Routine data collection and data management

At enrolment

At enrolment participants complete an online question-
naire, submit serum for SARS-CoV-2 antibody testing
and a nose swab (or nose and throat swab, depending
on local protocols) for SARS-CoV-2 antibody and nucleic
acid amplification (NAAT) testing. Participants have up
to 10mls of blood taken by venepuncture at enrolment
and follow-up. The questionnaire collects information on
participant demographics, work environment, symptom
history, testing and vaccination history, participation in
clinical trials and known COVID-19 exposures since 1
January 2020.

At follow-up

Participants undergo regular repeat NAAT and anti-
body testing throughout the study period, via nose/nose
and throat swabs and serum samples respectively. NAAT
testing is collected at fortnightly intervals and antibody
testing at month intervals, although the protocol allows
for testing frequency to be revised (weekly to monthly)
subject to local/national epidemiology and feedback. For
participants completing extended follow-up, from 12 to
24 months the default antibody testing frequency is quar-
terly but NAAT testing remains fortnightly.

Participants may also have additional PCR tests for
other reasons which are outside the SIREN regimen, if for
example they are symptomatic or identified as a contact
of a case, and these test results are captured within SIREN
(see data management).

Participants are sent a link to an online follow-up ques-
tionnaire on a fortnightly basis, with a reminder message
sent after 2 days if the follow-up questionnaire is not
completed. These questionnaires capture information
on symptoms, exposures, vaccinations (both COVID-19
and seasonal influenza) and subsequent enrolment in
vaccine or prophylaxis trials. For participants completing
extended follow-up, they receive the same follow-up ques-
tionnaire at the same fortnightly frequency.

Testing at siren site laboratories

For all participants NAAT (typically PCR) and antibody
testing is undertaken locally at the laboratory used by their
healthcare organisation, this will be qualitative testing
only (positive or negative). The healthcare organisation
is responsible for issuing results to the participants as per
local procedures. Testing platforms, including choice of
antibody assay, is determined locally.

Data management

All laboratories for SIREN participating sites submit their
antibody and antigen testing data into national labo-
ratory surveillance systems. In England, this is the UK
Health Security Agency’s (UKHSA) Second Generation
Surveillance System (SGSS), and there are equivalent
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surveillance systems in the Devolved Administrations
(Scotland, Wales and Northern Ireland). Testing data
from sites on SIREN participants is obtained by the
SIREN team through deterministic linkage, based on
the NHS number (or equivalent unique identifier for
Devolved Administrations) and other patient identifiers
provided by participants in the enrolment questionnaire.
Linkage with SGSS is undertaken daily and stored in the
SIREN Structured Query Language database. Testing
data from the Devolved Administrations is linked with
the support of their respective public health agencies and
the data are transferred via secure file transfer daily from
the Devolved Administrations to the SIREN database. At
enrolment, participants consent for the SIREN team to
link all their historic and future SARS-CoV-2 testing data,
including tests undertaken prior to enrolment, and tests
taken outside SIREN, such as tests taken due to symptoms
or exposures.

Vaccination status

Data on vaccination status, including dates vaccinated,
dose, manufacturer and batch, is obtained directly from
participants in the enrolment and follow-up question-
naires and through linkage on personal identifiers to the
national COVID-19 vaccination registers. In England this
is the National Immunisation Management System.

Enhanced data collection for investigation of events of
interest

The UKHSA SIREN team run a daily query on the SIREN
database, to identify any participants who are ‘flagged’ as
an Event of Interest (EOI). EOIs include potential rein-
fections, defined as participants who had two positive
PCR tests 90 days apart or antibody positive participants
with a PCR positive test 4 weeks after their first antibody
positive date, and vaccine breakthroughs (a new infection
at least 21 days after first vaccine dose).

Once flagged, EOI cases are subject to a more detailed
investigation, based on a survey which is sent to sites to
obtain Ct values, confirm symptoms around the new
infection episode and clarify sample location.

Since early spring 2021, all participants with a new
PCR positive result are contacted to send them an addi-
tional postal self-swab in Viral Transport Media (VIM)
to their home address, which is sent for PCR testing and
sequencing at UKHSA Colindale laboratory.

Serum samples from EOI undergo enhanced serolog-
ical testing at UKHSA Porton, as described below and
results are captured in the SIREN Database.

Reinfections are classified as possible, probable,
confirmed or excluded following review of the clinical,
serological and genomic data.

Laboratory testing on siren samples

Serology

For all participants, at enrolment an aliquot of 2 mL
serum will be shipped to and stored in the UKHSA SIREN
biobank. At follow-up, serum samples for participants

who have ever been antibody positive or antigen positive,
have received a COVID-19 vaccination or enrolled in a
COVID-19 vaccine trial will be sent to and stored at the
UKHSA SIREN biobank.

At enrolment, all participants will have their serum
retested by UKHSA for antibodies to SARS-CoV-2, using
the Roche Elecsys Anti-SARS-CoV-2 spike (S) and nucle-
ocapsid (N) protein assays, providing quantitative assess-
ment of antibody titres.” Individuals will be classified as
seropositive or seronegative at baseline based on UKHSA
antibody testing for N and S, with seropositivity to N used
to identify those with previous SARS-CoV-2 infection.

Serological characterisation will be undertaken on
additional participant samples for specific analyses. For
example, cases of reinfection or vaccine failures, plus
suitably matched controls, will have their sequential sera
further characterised including anti-N and anti-S anti-
body titres (above) and additional assays including for the
presence of neutralising antibody, to provide hypothesis
generating data on mechanisms of protective immunity
and correlates of immunity. Further detail on this addi-
tional testing aligned with specific analyses is provided
elsewhere."’

To assess antibody trajectories over time subsets of
participants of interest will be selected and their serial
serum samples tested to conduct longitudinal cohort
analyses.

Genomic analysis
Positive NAAT samples from participants from routine
NAAT testing, should be sequenced as part of the routine
sequencing of NHS SARS-CoV-2 positive samples. SARS-
CoV-2 PCR positive EOI samples are sequenced in UKHSA
Colindale or in an associated sequencing laboratory.
Quality-controlled genomes are uploaded to the Cloud
Infrastructure for Microbial Bioinformatics (CLIMB).
For participants who have more than one sequenced
positive PCR sample potentially associated with separate
infection episodes, genomes will be compared where
possible to provide evidence to support reinfection or
persistent infection. Phylogenetic analysis of SARS-CoV-2
from staff in healthcare organisations, using the study
samples and the wider collection of genomes available
through CLIMB, will also be undertaken as an explor-
atory analysis into the diversity and spread of SARS-CoV-2
in healthcare workers.

Viral culture

Participants with possible reinfection or potential vaccine
failure will be identified and viral culture requested for
certain cases. This may be on residual VIM from the
swab already taken at the trust, or on an additional swab
in VIM.

T-Cell assays and other studies

Participants who have potentially been reinfected, are
potential vaccine failures, are persistently NAAT posi-
tive, or have discordant serology may be contacted by the
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SIREN Study Team to link into optional substudies, for
example, assessing T cell assays and antibody dynamics.

Sample size and power

A simulation approach using a mixed effects Poisson
regression model has been used to estimate the power
to detect relative differences between the study cohorts.
Our key assumptions include that 25% of our cohort will
be seropositive at enrolment (based on 20% of staff who
were asymptomatic and tested positive in one London
hospital between 23 March and 2 May 2020,% and a total
attrition of 35%, (unaffected by serostatus and occur-
ring at a constant rate). The proportion of seropositive
recruits at each site has been obtained from a Gaussian
distribution with a mean of 0.25 and SD of 0.05 to reflect
expected inter-site variation.

Power was estimated as the proportion of simulations
for which the Wald statistic p value for the estimated
incidence rate ratio in the seropositive compared with
seronegative cohorts was less than 0.05. Our simulations
found that there is statistical power of 80% or greater to
detect a relative decrease of 30% or greater in cumulative
incidence, provided the cumulative incidence in the sero-
negative group is in excess of 5%; even taking the cumu-
lative incidence to as low as 2% in the seronegative group
there is still sufficient power of in excess 80% for relative
decrease of 80% or greater.

It was assumed that on average 250 participants would
be recruited from each selected healthcare organisation,
with a SD of 50. The cumulative incidence in each site
in the seronegative cohort has been simulated using
Gaussian distributions with means of 0.05, 0.1, 0.2 and 0.3
each with a coefficient of variation of 0.2. This represents
a range which is feasible to observe over a 12-month
period, given the behavioural and social interventions still
being employed during the study to control transmission.

A study duration of 52 weeks has been assumed with the
intertest period of 2 weeks.

It was assumed that the cumulative incidence in the
seronegative cohort was 30% with a between trust coeffi-
cient of variation of 0.1, reflecting levels of seropositivity
in HCWs at the time. Relative reductions in cumulative
incidence in the seropositive cohort was varied between 1
(no protection from infection) to 0.1 (antibody effective-
ness of 90%). Units in the simulations were allocated to
be infected or not, using a draw from a Bernoulli distribu-
tion with p equal to the site and cohort specific simulated
cumulative infection rate. A simplifying assumption of a
constant infection rate over the study period has been
used.

For each scenario a set of 200 simulations were
performed. For each simulation, the total number if
infections and person weeks of follow-up was calculated
for each cohort in each organisation. This data were
analysed using a mixed effects Poisson model, using the
natural logarithm of the person weeks as an offset. These
are presented in table 1, indicating that there is sufficient
power for all but the smallest immune efficacy of 0.1

Table 1 Power estimates obtained via simulation for a
range of immune effectiveness and cumulative incidence

Cumulative Immune effectiveness
incidence in the
seronegative

at baseline
cohort (per 100

participants) in

12 months 10% 20% 30% 40% 50%
0.05 0.15 0.44 0.79 0.98 1.00
0.1 0.20 0.77 0.99 1.00 1.00
0.2 0.53 0.99 1.00 1.00 1.00
0.3 0.67 1.00 1.00 1.00 1.00

that is, a 10% reduction in incidence in the seropositive
cohort. Such a small reduction is indicative of a level of
protection unable to provide a means of controlling the
pandemic via natural herd immunity.

Estimates for the vaccine effectiveness (VE) element
are based on an assumed population of 40 000 partici-
pants (table 2).

The 95% ClIs will become narrower as VE increases
(wider as it decreases) and also wider if coverage increases
and in any strata. Overall, the table shows that reasonable
precision should be achievable. For the initial VE estimate
3 months post vaccine, the focus is on those seronegative
at baseline.

Estimates for VE are based on the following assump-
tions: 656% are seronegative at baseline, based on the
baseline of 70% and assuming an additional 5% since this
time. Seventy-five per cent are vaccinated and incidence
during the 3 months in unvaccinated is 0.5%, 1%, 2%,
5%. This is based on incidence seen in September 2020 of
0.25% per 2 week (0.5% in a month or 1.5% in 3 month)
to the incidence of 0.85% in 2 weeks in October (1.7% in
amonth or 5% in 3 months).

N=40, 000 (26 000 seronegative of whom 29 500 are
vaccinated and 6500 unvaccinated) is assumed.

Statistical analysis plan: primary outcome measure

All enrolled participants will be included in analyses,
which will account for clustering by research site. Anal-
yses will be conducted at regular intervals following suffi-
cient events of interest.

Estimates of both cumulative incidence and incidence
density in the seropositive and seronegative cohorts will
be obtained using mixed effects models assuming counts
of PCR positive have a negative binomial distribution, a
log link function and the natural logarithm of the total
number of subjects or the total follow-up time use as an
offset, respectively. Inclusion of a binary predictor indi-
cating the serostatus of the cohort into this model will
provide estimates of the incidence rate ratio. Sites will
be incorporated as a random intercept to account for
unmeasured, shared, site-level factors. To account for
a non-constant force of infection, calendar month will
be incorporated as an additional random effect. An
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Table 2 Precision estimates assessing 95% Cl around a
vaccine effectiveness (VE) of 60% and 90%

95% CI 95% CI
Incidence in Cases in around VE  around VE
unvaccinated unvaccinated of 60% of 90%
0.5 32 39to 74 8110 95
1 65 46 to 70 85 to 93
2 130 50 to 68 86 to 93
5 325 54 to 65 88 t0 92

assessment of the role of factors such as age, gender and
ethnicity in immunity will be explored by inclusion of
interactions within the model between each and serolog-
ical status.

While the above analytical approaches provide a ‘clas-
sical’ person-years approach to prospective cohort analysis
and provide familiar measures of association, it may be
inadequate for assessment of immunity provided by sero-
conversion. As it is expected that seropositivity is likely to
confer a degree of short to median term protection for
a SARS-CoV-2 infection, multistate and parametric cure
rate models incorporating frailty will also be employed.
Bayesian approaches to cure rate models with frailty as
describe by de Souza et af’” will be employed.

It is also possible to introduce ‘misclassification’ of
state into the multi state model, providing an estimate
of sensitivity to account for imperfect serological tests.
Approaches like those proposed by Jackson™ will be
employed.

Statistical Analysis plan: Vaccine Effectiveness

Survival analysis will be used to estimate the HR in vacci-
nated compared with unvaccinated SIREN participants
with VE=1 — HR. A nested test negative case—control anal-
ysis will also be done with those swabbed but negative as
the controls. If more than one vaccine is used VE will be
stratified by vaccine manufacturer. VE will also be strati-
fied by baseline positivity (either PCR or antibody), age
group (<50, >=50) and time since vaccination (3 month
intervals and as a spline). Interaction with sex, ethnicity
and risk group will be tested and, if significant, VE will be
stratified by these factors.

If the vaccine is rolled out over a very short period to
HCWs with very high coverage then the unvaccinated
group will be small and probably an unusual subset. Even
if coverage is not high those that do not get vaccinated
when it is highly recommended may be different in ways
that could lead to confounding. For example, those previ-
ously infected may not see the need for vaccination, or
those not regularly working on site might miss vaccina-
tion. Those that perceive themselves as low risk of severe
disease or with less patient contact may also be less likely
to get the vaccine. Those not getting vaccinated may also
be more likely to be those not providing regular swabs or
blood samples. It will therefore be important to compare
the vaccinated and unvaccinated cohorts to identify these

3

potential biases. Using only those completing regular
follow-up may help reduce such biases.

If coverage is very high and rapid then instead of VE
assessment it may be possible to do an impact assessment
using a controlled interrupted time series approach in
which COVID-19 incidence is compared over time in
the HCW population to the general population (using
external data) or between sites if vaccine introduction
varies sufficiently by site. This can be done using Poisson
or negative binomial regression.

Procedure for accounting for missing, unused and spurious data
Analyses will be restricted to cases with antibody and PCR
tests. Testing frequency by arm (positive/negative cohort,
vaccination status) will be reported in analyses of the
primary outcome. The PCR test for virus is being used as
a diagnostic test and hence has high performance. Suffi-
cient sera will be obtained to rerun the immunological
assays in case of initial assay failure. For similar reasons
we do not anticipate that spurious data will be obtained.

Procedures for reporting any deviation(s) from the original
statistical plan
Deviations from the original statistical plan or the statis-
tical analysis plan will be described and justified in the
analysis reports.

Data will be analysed using STATA V.15 and R software.

Study oversight

Oversight is provided by the study management group,
chaired by the chief investigator, with representatives
from UKHSA, Public Health Scotland, Public Health
Wales, Public Health Agency (Northern Ireland) and the
COVID-19 Genomics Consortium UK.

The study follow-up period will end by default 24
months following the enrolment of the last participant,
but by consensus of the Study Management Group and
funder may be terminated sooner if findings are suffi-
cient. There are no formal stopping rules for futility,
utility or lack of power. The final decision to terminate
the study will be made by UKHSA.

ETHICS AND DISSEMINATION

The study has received approval from Berkshire Research
Ethics Committee on 22 May 2020' and has also received
support from NIHR as an urgent public health study,
which allows central research network resources to recruit
participants.

Participants provide informed consent prior to entry to
the study and have the option to withdraw at any time.
At withdrawal, participants can choose to have their data
or samples retained or destroyed, or partial variations.
Protocol deviations and breaches will be recorded by the
site research teams and the Sponsor will be informed of
any serious breaches within one working day.

Dissemination of key study findings and results will
take place through regular reports to national expert
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committees, preprints, publication in peer-reviewed jour-
nals and international conferences. Furthermore, regular
communication of study results will be communicated to
study sites and participants through national webinars
and newsletters. Annotated code for SIREN analyses will
be made available at: (https://github.com/SIREN-study/
SARS-CoV-2-Immunity). The metadata for published
SIREN analyses will be available to researchers through
the Health Data Research UK CO-CONNECT platform
and available for secondary analysis.

DISCUSSION

Strengths

As far as the Authors are aware this study is the largest
national longitudinal study examining the question
of reinfection with SARS-CoV-2 globally. In a system
where staff members may be tested in different settings
depending on the timing and reasons for testing (commu-
nity testing hubs, other hospitals, primary care), the auto-
mated method of data extraction and access to national
testing data means that the study is less likely to miss
potential cases. As far as possible the study is designed to
run alongside normal laboratory processes; laboratories
use the same assays and procedures which are in place
for all other testing, reducing additional burden on sites.
The flexible design of this cohort study has enabled the
study to adapt to examine VE as vaccines were rolled out
in the UK.

The study design reduces bias because we are likely
to capture both symptomatic and asymptomatic cases
due to frequent participant testing as part of the study,
participants are likely to have additional testing through
healthcare worker testing programmes (cases identified
in this way will be included in the study data) and access
to national testing data for cases tested outside the health-
care organisation. The study population is also highly
exposed, giving greater power to detect reinfections.

Valuable data are collected on EOI, such as reinfec-
tions, including serum samples preceding the EOI which
are critical for assessing correlates of protection. Rich
serological data are collected in the SIREN biobank, with
serial serum samples collected on all individuals with
previous infection and vaccination, to permit large-scale
longitudinal serological analyses.

The study design lends itself to forming sub-cohorts
for more detailed investigations. It has active research
collaborations with immunology researchers from the
UK Research and Innovation (UKRI) Immunology
consortium to investigate T cell responses and with the
Wellcome Trust funded Humoral Immune Correlates of
COVID-19 consortium to investigate humoral immune
responses.

Weaknesses

Cohort retention is an important consideration for the
study team, to avoid losing power to detect the primary
outcome and potential introduction of bias if there is

differential attrition by cohort. To mitigate this, the study
team actively monitor withdrawals and participant feed-
back, to implement improvements and provide direct
participant communications (eg, a newsletter and partic-
ipant webinars) to promote engagement. Differences in
demographics, general health and ongoing risk of expo-
sure between healthcare workers and the general popula-
tion mean that the results may not be fully generalisable
to the UK population.
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