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against SARS-CoV-2 in the UK SIREN healthcare worker
cohort

Peter D. Kirwan," Victoria J. Hall*f Sarah Foulkes,’ Ashley D. Otter,” Katie Munro,® Dominic Sparkes,b Anna Howells,” Naomi Platt,”
Jonathan Broad,” David Crossman,® Chris Norman,® Diane Corrigan,® Christopher H. Jackson," Michelle Cole,” Colin S. Brown,® Ana Atti
Jasmin Islam,® SIREN Study Group,” Anne M. Presanis," Andre Charlett Daniela De Angeh's,a’b and Susan Hopkinsb

*MRC Biostatistics Unit, University of Cambridge, United Kingdom
PUK Health Security Agency, United Kingdom

“School of Medicine, University of St Andrews, United Kingdom
9Health and Care Research Wales, United Kingdom

“Northern Ireland Public Health Agency, United Kingdom

Summary

Background The protection of fourth dose mRNA vaccination against SARS-CoV-2 is relevant to current global policy
decisions regarding ongoing booster roll-out. We aimed to estimate the effect of fourth dose vaccination, prior
infection, and duration of PCR positivity in a highly-vaccinated and largely prior-COVID-19 infected cohort of UK
healthcare workers.

Methods Participants underwent fortnightly PCR and regular antibody testing for SARS-CoV-2 and completed
symptoms questionnaires. A multi-state model was used to estimate vaccine effectiveness (VE) against infection
from a fourth dose compared to a waned third dose, with protection from prior infection and duration of PCR
positivity jointly estimated.

Findings 1298 infections were detected among 9560 individuals under active follow-up between September 2022 and
March 2023. Compared to a waned third dose, fourth dose VE was 13.1% (95% CI 0.9 to 23.8) overall; 24.0% (95% CI
8.5 to 36.8) in the first 2 months post-vaccination, reducing to 10.3% (95% CI —11.4 to 27.8) and 1.7% (95% CI -17.0
to 17.4) at 2-4 and 4-6 months, respectively. Relative to an infection >2 years ago and controlling for vaccination,
63.6% (95% CI 46.9 to 75.0) and 29.1% (95% CI 3.8 to 43.1) greater protection against infection was estimated for
an infection within the past 0-6, and 6-12 months, respectively. A fourth dose was associated with greater
protection against asymptomatic infection than symptomatic infection, whilst prior infection independently
provided more protection against symptomatic infection, particularly if the infection had occurred within the
previous 6 months. Duration of PCR positivity was significantly lower for asymptomatic compared to symptomatic
infection.

Interpretation Despite rapid waning of protection, vaccine boosters remain an important tool in responding to the
dynamic COVID-19 landscape; boosting population immunity in advance of periods of anticipated pressure, such as
surging infection rates or emerging variants of concern.
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Research in context

Evidence before this study

We searched Ovid Embase and MEDLINE for articles in English
published between 1 January 2022 and 22 September 2023
using the keywords (vaccin® OR immunis* OR immuniz* OR
mRNA OR spikevax OR comirnaty) AND (coronavirus OR sars-
cov-2 OR sarscov2 OR severe acute respiratory syndrome
coronavirus 2 OR COVID OR COVID-19) AND (effectiveness OR
vaccine effectiveness OR VE) AND (omicron OR BA.4 OR BA.5
OR XBB), limited to “human” studies. We selected articles that
included vaccine efficacy of mRNA fourth dose boosters
against infection in the Omicron BA.4/5 and/or XBB sub-
lineage circulating-period. Relatively few studies have
investigated the real-world effectiveness of booster doses,
and study designs vary, with none collecting data on
asymptomatic infection. A test-negative-style study in US
pharmacies estimated fourth booster vaccine effectiveness
(VE) against symptomatic BA.5 and XBB/XBB.1.5 SARS-CoV-2
infection of around 50% during the initial post-vaccination
period, with some waning of protection from 2 months post-
vaccination among older study participants. These estimates
were unadjusted for infection history and the authors
acknowledge several other biases in the study design which
could not be accounted for. Meanwhile, a Dutch cohort study
of self-reported SARS-CoV-2 infection estimated fourth
booster VE among 60 to 85 year-olds of 14% (95% CI 1 to
25%), with greater protection from recent prior infection
compared to booster vaccination, and minimal evidence of
waning vaccine protection in the limited period of post-
vaccination follow-up.

Introduction

More than 3 years since SARS-CoV-2 emerged, after
770 million reported infections and 13.5 billion doses
of COVID-19 vaccine delivered,’ most of the world’s
population now has some degree of immunity,
whether from infection, vaccination, or a hybrid of
both. How long this protection lasts, against what
outcome, and how future-proof it may be to emerging
variants remains uncertain. With the public health
emergency declared over by the World Health Orga-
nisation,” budgets, testing, and vaccination pro-
grammes have been scaled back in many countries.’ In
the northern hemisphere, decisions about autumn
vaccination campaigns are being made, with concom-
itant authorisation of vaccines which target emerging
strains of SARS-CoV-2.*

In many high-income countries, following evidence
of vaccine protection waning after the second dose,””
priority population groups have now been offered at
least two ‘booster’ vaccinations (with up to 6 vaccines
administered to the highest risk individuals).®
Healthcare workers without additional risk factors
were offered their fourth vaccine dose in autumn

Added value of this study

This study uses an established cohort of UK National Health
Service (NHS) healthcare workers with dense sampling of PCR
and antibody status, combined with regular self-reported
symptom information. Controlling for prior infection, we
estimate the effectiveness of a fourth dose mRNA vaccine
against infection (both symptomatic and asymptomatic) over
the period September 2022 to March 2023 of 24% in the first
2 months post-vaccination, with significant waning of
protection thereafter. Protection from recent prior infection is
estimated to be greater and longer-lasting, as compared to
booster vaccination. Our methodology enables us to jointly
estimate the duration of PCR positivity, which differs for
symptomatic and asymptomatic infection.

Implications of all the available evidence

The available evidence shows that booster vaccination offers
modest, but tangible, increased protection against SARS-CoV-
2 infection in the short-term, with prior infection conferring
more robust and sustained protection. This study, and the
others referenced, highlight how vaccines continue to have a
role in the ongoing COVID-19 response; boosting population
immunity in advance of expected periods of high prevalence.
Via regular asymptomatic testing, the SIREN study offers
unique insights into current infection trends, and the real-
world protection conferred by booster vaccination and prior
infection for a working-age population.

2022. This occurred during a period of dominance of
Omicron sub-variants, which had higher immune
escape capability from both vaccines and previous
infection.”"® Together with the contemporaneous
removal of non-pharmaceutical interventions''—and
the return to more normal population mixing'’—
record levels of infections were detected.”” Impor-
tantly, given a combination of high population
immunity and variant properties, the Omicron sub-
variant waves have been clinically milder than earlier
variants.” Considerations about future vaccination
campaigns must, therefore, be made in a context of
population immunity, uncertainty about variant
emergence, and the requirement for sustainable post-
pandemic management of COVID-19.

Healthcare workers have been prioritised for
COVID-19 vaccination in the UK and many other
countries, recognising their high occupational exposure,
their potential role in nosocomial transmission dy-
namics, and the significant impact of healthcare worker
absence on healthcare delivery.” Whether healthcare
workers should be regularly offered autumn boosters
is unresolved. There are opportunities for efficient
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operational delivery aligned with seasonal influenza
vaccination, however, consideration of perceptions and
behaviours affecting vaccine uptake, and the potential
risk of vaccination fatigue, is important. Efficient
timing of these vaccination campaigns should also be
considered, for optimal protection during periods of
highest COVID-19 and other respiratory virus
circulation.

The SARS-CoV-2 Immunity and Reinfection Evalua-
tion (SIREN) study, a large-scale United Kingdom (UK)
healthcare worker cohort undergoing fortnightly PCR
testing and running continuously since June 2020, is
uniquely placed to provide evidence to support this
decision-making. Here we investigate the protection of
Dbooster vaccination and prior SARS-CoV-2 infection on the
acquisition of infection (both symptomatic and asymp-
tomatic) among our cohort of triple-vaccinated healthcare
workers in a period of Omicron sub-variant circulation.’

Methods

Study design and setting

The SIREN study, run by the UK Health Security
Agency (UKHSA), is a prospective cohort study of
National Health Service (NHS) healthcare workers,
recruiting 44,000 participants between June 2020 and
March 2021. Follow-up was initially 12 months from
enrolment, with subsequent extensions to 24 and 36
months. At enrolment, and at each subsequent
extension, participants completed a demographic
questionnaire and provided blood serum and nasal
swab samples for anti-SARS-CoV-2 antibody testing
and polymerase—chain reaction (PCR) testing for
SARS-CoV-2 RNA. Following enrolment, participants
provided samples for fortnightly PCR testing and
regular (monthly or quarterly, depending on the site)
antibody testing, and completed a fortnightly symptom
questionnaire.’® The study protocol was approved by
the Berkshire Research Ethics Committee on May 22,
2020. This study collected consent from all partici-
pants. ISRCTN Registry number: ISRCTN11041050.

Participant data

We included all participants maintained under
active follow-up (enrolled in the study and contrib-
uting PCR tests and/or fortnightly questionnaires)
between 12th September 2022 and 31st March 2023,
with more than 6 months since receipt of their
third dose and contributing at least two SARS-CoV-2
PCR tests during the follow-up period. PCR tests
determined a participant’s status during the study
analysis period. We excluded participants who had
received more than three doses before September
2022. Questionnaire responses, PCR and antibody
test results (including from outside the study), and
information on vaccination were collected centrally
by UKHSA.™
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Covariates

Demographic covariates were self-reported and
included: age, gender identity, ethnicity, region of resi-
dence, occupational setting, staff type, medical condi-
tions, and household structure (Table S3).

Linked testing and vaccination data included: PCR
and antibody dates and results, vaccination dose, date,
and manufacturer (with most receiving mRNA
vaccines).

Baseline antibody tests were used to identify if
participants had an early Wild-type or Alpha sub-
variant infection, prior to their initial recruitment
into the study. Between recruitment and the start of the
study analysis period, information from both PCR
testing and antibody testing were used to identify if an
infection had occurred, with the date of a positive PCR
test or a positive antibody test consistent with previous
infection used as a proxy for the onset of infection.
Participants were grouped by time since previous
infection. For those without indication of prior infec-
tion we required an anti-N negative result (Roche
Elecsys anti-SARS-CoV-2 nucleocapsid (anti-N) assay)
within the 6 months prior to study entry to confirm
their naive status. Participants without indication of
prior infection and for whom a recent serum sample
(within the last 6 months) was not available for testing
(n = 2100) were excluded from analyses exploring time
since infection as we could not confirm their infection-
naive status.

Questionnaires completed within a 14-day window of
a positive PCR test were used to distinguish between
infections with and without COVID-19 symptoms. We
assigned symptom statuses of: COVID-19-specific
symptoms (any of: cough, fever, sore throat, anosmia,
and/or dysgeusia), and asymptomatic for COVID-19
(absence of symptoms, or only non-specific symptoms
such as fatigue and muscle ache).

Representativeness

All NHS hospitals and health boards in the UK were
invited to join SIREN, with no random sampling of
hospitals, health boards, or participants.’® The cohort,
whilst not representative of the general UK population,
broadly reflects the demography of healthcare workers
in the UK.

The Spikevax bivalent Original/Omicron and Com-
irnaty bivalent Original/Omicron booster vaccines
received regulatory approval in August and September
2022, respectively, and were introduced for frontline
healthcare workers on 12th September 2022 (with
eligibility criteria consistent with third dose criteria).

Bias

The fortnightly testing regime minimised bias in
detection of SARS-CoV-2 infection, and the statistical
methodology further controlled for gaps in testing.
Recall bias was minimised by only considering
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symptoms reported within a 14-day window of a positive
PCR test.

Censoring

Testing dates were pre-determined upon study
enrolment, providing interval-censored observations
of infection. Participants joined the study analysis at
the date of their first PCR test after 12th September
2022. Participants required at least 24 weeks since
receiving a third vaccine dose to be eligible for in-
clusion, those with fewer than 24 weeks only entered
the study once 24 weeks had elapsed. To account for
study withdrawal (either because of early withdrawal
or reaching the end of the follow-up period) partici-
pants were right-censored at their last recorded PCR
test.

Statistical methods

Crude PCR positivity rates were calculated as the
number of detected PCR positive results per 10,000
person-days of follow-up. An exact Poisson method
was used to calculate 95% confidence intervals (CI).
We used multi-state models (MSMs) to estimate the
hazards associated with infection for selected cova-
riates and the time spent in the PCR positive state.
MSMs describe the transition rates (“transition in-
tensities”) between discrete states of a process (in
this case between the susceptible and infected state).
Specifically, we applied continuous-time MSMs and
modelled the PCR data as intermittent observations
of the underlying trajectory of infection and recovery.
The mean time spent in a state is proportional to the
inverse of the estimated transition intensity for
remaining in the state. For example, if the estimated
transition intensity out of a state is 0.2, the transition
intensity for remaining in the state is —0.2, and the
mean time spent in the state is 5 days (-1/-0.2).
Duration of PCR positivity estimates were averaged
over the demographic characteristics of the entire
study population for comparability. We compared
MSM estimates to a Cox proportional hazards model,
assessed model fit by comparing expected and
observed numbers in each state over time, and un-
dertook variable selection using Akaike information
criterion values and likelihood-ratio tests. Stratifica-
tion and piecewise-constant hazards over time were
used to account for non-proportionality. Vaccine
effectiveness (VE) and relative protection estimates
were obtained from hazard ratios (HR) using the
formula: VE = 1—HR. The covariate levels and
transitions that these covariates were included on are
shown in Table S1, the list of (multi-state) models
and covariates used to generate the estimates is
shown in Table S2 and corresponding models are
listed alongside estimates below. We used 2+ years
as the baseline for time since previous infection
because the confirmed naive group was smaller

and testing records indicated different behavioural
trends, see Supplementary Appendix for further
details.

Model implementation

Statistical models were implemented using R v.4.3.1 (R
Foundation, Vienna, Austria) and the R package msm
was used to fit the multi-state models.

Role of the funding source

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

Results

Population characteristics

A total of 9560 participants were included in this anal-
ysis; 6776 (70.9%) had a previous SARS-CoV-2 infection
date recorded, and 773 (8.1%) were confirmed as naive
(Fig. 1). Coverage of booster vaccination was low
compared with previous vaccines; 64.3% (6143/9560)
uptake within 2 months of fourth dose availability,
compared to 83.0% (11,758/14,174) within 2 months of
third dose availability.

The study cohort included both clinical (nurses
comprised 33% (3178/9560) and doctors 12% (1155/
9560) of the cohort) and non-clinical, predominantly
office-based, roles (administrative/executive  staff
comprised 17% (1613/9560) of the cohort). Overall, 84%
(7992/9560) of the study cohort were in patient-facing
roles. The majority (84%; 8036/9560) reported female
gender identity, with 88% (8435/9560) between the ages
35-64, and 90% (8611/9560) of white ethnicity. Most
(74%; 7038/9560) had no chronic medical conditions,
although 2.6% (247/9560) reported immunosuppres-
sion (Table S3).

Healthcare workers were recruited from every UK
region, for this analysis the greatest proportion were
resident in Scotland (1701 participants, 18%), with
London (1199 participants, 13%) and the East of En-
gland (1176 participants, 12%) contributing the great-
est proportions from England. Compared to the UK
population, participants for whom deprivation infor-
mation was available lived in less socio-economically
deprived areas on average; 29% (2593/9027) in least
deprived quintile, 9% (823/9027) in most deprived
quintile.

All participants contributed at least one test per
month of study follow-up, 88% (8400/9560) contributed
at least one test per 3 weeks of study follow-up, and 53%
(5109/9560) of participants contributed at least one test
per fortnight of study follow-up.

Crude PCR positivity rates

Over the study period, 1264 (13.2%) participants received
at least one positive PCR result. Including re-infections,
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All participants maintained under
active follow-up in study

Did not receive third dose
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N=2,011

Study cohort (n = 9,560)

Fig. 1: Flowchart of participation in study and uptake of booster vaccine. "Individuals without prior infection history and without a negative
antibody test within the 6 months prior to study entry were excluded from analyses exploring time since infection.

we observed 1298 distinct PCR positives over 1,521,928
person-days of follow-up, corresponding to a crude (un-
adjusted) PCR positivity rate of 8.53 (95% CI 8.07 to
9.01) per 10,000 days follow-up. Crude PCR positivity
rates varied over the analysis period, and by region, but
did not differ substantially according to other de-
mographic characteristics (Table S4, Figure S5). Where
sequencing information was available, >75% of in-
fections were Omicron BQ.1, BA.5, and XBB (Figure S6).

Vaccine effectiveness

VE of the fourth dose relative to protection at least 6
months after a third dose was estimated as 13.08% (95%
CI 0.89 to 23.76) over the entire analysis period (model
1). VE was highest in the 2 months post-vaccination at
23.97% (95% CI 8.48 to 36.83), reducing to 10.30%
(95% CI —11.40 to 27.78) in the period 2—4 months post-
vaccination, and 1.71% (95% CI -16.97 to 17.40) in the
period 4-6 months post-vaccination (Table 1, Fig. 2,
model 2).

www.thelancet.com Vol 36 January, 2024

Compared to a waned third dose, VE was 30.87%
(95% CI —84.79 to 7.31) among those confirmed as
naive, 32.87% (95% CI 8.51 to 52.20) for those with a
previous infection more than 2 years ago, —1.67% (95%
CI -40.95 to 26.66) for those with an infection in the
past 1-2 years, 23.14% (95% CI 3.07 to 39.06) for
infection in the past 6-12 months and 39.58% (95% CI
7.99 to 60.32) for infection in the past 0-6 months
(Table S5, Figure S7, model 4).

Protection from previous infection and other
covariates

SARS-CoV-2 infection (symptomatic or asymptom-
atic) between 6 and 12 months ago was associated
with a 29.08% (95% CI 3.82 to 43.09) increase in
protection compared to individuals who had an
infection more than 2 years ago; an infection within
the last 6 months was associated with a 63.58% (95%
CI 46.85 to 75.04) increase in protection; and those
with an infection 1-2 years ago or never infected
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Number of Positive Exposure Crude PCR positivity Protection relative ~ Symptomatic Asymptomatic
RartiEpants ::’ecslis g:e;j(r;-days raet:o‘:-,e.:jio_;o(ggty a to baseline (95% C1) Positive  Protection relative to  Positive  Protection relative to
P 4 : PCR tests baseline (95% Cl) PCR tests baseline (95% CI)
Whole population 9560 1298 1,521,928 8.53 (8.07, 9.01) N/A 865 N/A 265 N/A
Vaccination status
Waned third 9389 541 603,023 8.97 (8.23, 9.76) Baseline 340 Baseline 118 Baseline
dose”
Fourth dose 6345 757 918,905 8.24 (7.66, 8.85) 13.08% (0.89, 23.76) 525 8.55% (-5.75, 20.91) 147 27.99% (6.61, 44.48)
Time since fourth
dose
Fourth dose 0-2 6345 179 338,530 5.29 (4.54, 6.12) 23.97% (8.48, 36.83) 131 18.52% (0.08, 33.56) 34 39.85% (11.24, 59,23)
months
Fourth dose 2-4 5759 300 305,192 9.83 (8.75,11.01)  10.30% (-11.40, 27.78) 212 5.80% (-18.81, 2531) 52 26.31% (-8.34, 49.88)
months
Fourth dose 4-6 5005 278 275,183 101 (8.95, 11.36)  1.71% (-16.97, 17.40) 182 -1.95% (-23.36, 15.74) 61 15.56% (-18.18, 39.66)
months
Time since
previous infection
Confirmed naive 773 173 115,165 15.02 (12.87,17.43)  7.71% (-35.45, 37.11) 124 16.06% (-29.03, 4539) 33 -18.47% (-155.83,
45.13)
2+ years 1752 196 222,783 8.8 (7.61, 10.12) Baseline 127 Baseline 40 Baseline
1-2 years 2850 209 195,715 10.68 (9.28, 12.23) 18.35% (-17.15, 43.09) 136 26.49% (-10.35, 51.04) 39 5.35% (-101.67, 55.58)
6-12 months 4123 347 426,815 8.13 (7.3, 9.03) 29.08% (3.82, 43.09) 226 33.85% (7.48, 52.71) 81 10.56% (-68.56, 52.55)
0-6 months 3433 83 254,866 3.26 (2.59, 404)  63.58% (46.85, 75.04) 38 71.99% (5611, 82.13) 30 42.23% (-17.83, 72.65)
“Participants joined the analysis at the date of their first PCR test after 12th September 2022. 171 participants had received their fourth dose booster on or before the date of their first PCR test and
contributed no follow-up time in the waned third dose vaccine status.
Table 1: Crude PCR positivity rates per 10,000 person-days and estimated vaccine effectiveness and protection from prior infection by vaccination status, time since previous
infection and reported COVID symptoms.

were not associated with significantly more or less
protection, 18.35% (95% CI -17.15 to 43.09) and
7.71% (95% Cl -35.45 to 37.11), respectively
(Table 1, Fig. 2, model 3).

Symptomatic vs asymptomatic infection

Among the 1298 positive PCR results, 1130 had
symptom information reported. Of these, 865
(76.5%) had COVID-19 symptoms, and 265 (23.5%)
were asymptomatic (132 had symptoms unrelated to
COVID-19, and 133 had no symptoms). The pro-
portion symptomatic was slightly higher among
those with a booster dose (78.1%, 525/672)
compared to those with a waned third dose (74.2%,
340/458). Among those with an infection in the past
6 months, 55.9% (38/68) reported symptoms
compared to >70% of those confirmed naive or with
an infection more than 6 months prior (Table 1,
Figure S8).

Relative to a waned third dose, VE was 8.55%
(95% CI -5.75 to 20.91) against symptomatic infec-
tion and 27.99% (95% CI 6.61 to 44.48) against
asymptomatic infection. Relative to an infection more
than 2 years previously, an infection in the past 0-6
months was associated with 71.99% (95% CI 56.11 to
82.13) increased protection against symptomatic
infection and 42.23% (95% CI -17.83 to 72.65)

against asymptomatic infection (Table 1, Fig. 3,
models 5-7).

Duration of PCR positivity

Duration of PCR positivity was estimated as 7.51 days
(95% CI 6.94 to 8.13) overall. When averaged over the
study population, this duration was shorter among
those with a booster vaccination at 6.90 days (95% CI
5.87 to 8.11), compared to 8.50 days (95% CI 6.79 to
10.64) for those with a waned third dose (Table S6,
model 1).

The estimated PCR positive duration was 9.51 days
(95% CI 7.08 to 12.78) for confirmed naive partici-
pants and 7.25 days (95% CI 6.32 to 8.31) for those
with an infection within the past 0-6 months. In-
fections reported as symptomatic had a longer dura-
tion at 8.09 days (95% CI 7.36 to 8.90), compared to
4.70 days (95% CI 4.04 to 5.47) for asymptomatic
(Fig. 4, model 3).

Discussion

We have estimated real-world effectiveness of second
COVID-19 booster vaccines, protection against symp-
tomatic and asymptomatic SARS-CoV-2 following pre-
vious infection, and the duration of PCR positivity in
our cohort of UK healthcare workers over autumn/
winter 2022-23, a period with high circulation of
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Fig. 2: Estimated booster vaccine effectiveness (VE), relative to waned third dose, by booster vaccination status (panel A, model 1), time since

booster vaccination (panel B, model 2), and estimated protection from previous infection, relative to a baseline of 2+ years (panel C, model 3).
Error bars show the 95% confidence interval around the estimates.
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Fig. 3: Estimated booster vaccine effectiveness (VE), relative to waned third dose by symptom status and booster vaccination status (panel A,

model 5), time since booster vaccination (panel B, model 6), and estimated protection from previous infection, relative to a baseline of 2+ years
(panel C, model 7). Error bars show the 95% confidence interval around the estimates.
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Fig. 4: Estimated duration of PCR positivity (days), averaged across the study population, by vaccination status (panel A, model 1), time since
previous infection (panel B, model 2), and symptom status (panel C, model 5). Error bars show the 95% confidence interval around the
estimated duration of PCR positivity. Estimated time and 95% confidence interval are shown alongside.

Omicron sub-variants. In this cohort of triple-
vaccinated, generally healthy, working-age adults we
found booster vaccines provided modest and short-lived
additional protection against infection. A recent previ-
ous infection provided more sustained protection but
waning over time was still evident. Asymptomatic
infection was more common amongst those with a
recent previous infection, and these infections had
shorter duration of positivity.

Our study adds to the growing literature on booster
VE in the context of high population immunity and high
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infection rates. A recent cohort study in the Netherlands
estimated fourth booster VE of 14% (95% CI 1 to 25%),
albeit using self-reported infection data for an older
cohort.”” Meanwhile, early fourth booster VE estimates
from a study of United States (US) pharmacies were
49% (95% CI 41 to 55%) and 40% (95% CI 28 to 50%)
for age groups 18-49 and 50-64, respectively.”® This
analysis did not control for prior infection history, and
biases in the study design mean this may be an over-
estimate.” In both studies, only data on symptomatic
infection was able to be collected, whereas a key strength
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of SIREN is the capability to detect both symptomatic
and asymptomatic infection, and to link to an in-
dividuals’ complete testing history.

As seen following third dose vaccination in our
cohort” and elsewhere,” protection from infection and
protection by vaccination and infection (“hybrid immu-
nity”) conferred longer-lasting immunity than vaccina-
tion alone. This may stem from the differential cellular
immune responses to infection vs. vaccination,” addi-
tionally, mucosal immunity appears to be conferred by
infection rather than vaccination.?>*

For the Omicron BA.4/5 era in particular, greater and
more durable protection was reported for infection-
experienced individuals as compared to naive individuals
in results from the nationally-representative UK COVID-
19 Infection Survey (CIS),** with rapid waning of mRNA
vaccine protection from 2 months post-vaccination. The
CIS study estimated >80% protection against Omicron
BA.4/5 reinfection for those with a previous Omicron
BA.2 infection.”* This is higher than our estimated 64%
protection from a recent (Omicron-period) infection and
may reflect our younger cohort and greater number of
prior infections among healthcare workers.

A quarter of infections detected in our study were
reported as asymptomatic, similar to other European
countries during Omicron BA.1 dominance.”” We found
a fourth dose was associated with greater protection
against asymptomatic than symptomatic infection,
whilst prior infection provided more protection against
symptomatic infection, particularly if an infection had
occurred recently (i.e. during the Omicron-circulating
period). Given most comparably scaled studies have
used symptomatic infection as their outcome we are
unable to directly compare this result.

We estimate important distinctions in duration of
PCR positivity between sub-groups. Several studies have
investigated duration of positivity for Omicron-era in-
fections® and, whilst most estimate around 7 days,
consistent with our findings, these studies may suffer
from small sample sizes or employ methodology that
over-estimates duration. In comparison, our analysis
correctly accounts for interval-censoring and uncovers
important distinctions between sub-groups that would
be missed by an empirical approach (e.g. median time
between initial PCR positive to subsequent PCR nega-
tive). We did not collect information on infectiousness
(evidence for which remains varied*®) but it was notable
that individuals with asymptomatic infection, and, to a
more limited extent, those either vaccinated or with
recent previous infection, were estimated to have
shorter durations of PCR-positivity. These estimates can
help to inform infection-control measures and trans-
mission models to forecast prevalence.

Limitations
The SIREN cohort is a cohort of working-age health-
care staff, with participants being predominantly

female, of white ethnicity, healthy, and middle-aged.
We have controlled for many of these factors in our
analysis of VE, however the relatively small proportions
of males, older participants, and those with high mul-
timorbidity limits full generalisability to the wider UK
population.

Vaccination was not randomly assigned, and despite
limited differences in vaccine uptake by measured de-
mographic, we could not control for several other
prognostic factors which may be associated with vacci-
nation, e.g. an individual’s perceived exposure risk,
which may alter their decision to receive a booster
vaccination.

We did not investigate severe disease, which is rare
in this cohort. Other studies have found VE against se-
vere disease in the Omicron era to be higher and longer-
lasting than against mild disease.””*

Given the very small number of unvaccinated in-
dividuals in SIREN and recognising they may have
different risk profiles to vaccinated individuals, we were
unable to use them as a reference group to estimate
absolute VE. Previous studies of this cohort have
demonstrated a dramatic reduction in infection risk for
vaccinated as compared to unvaccinated individuals.”

We did not compare vaccination type as most of our
cohort received the same schedule before study entry
(93% three mRNA doses). The COV-BOOST trial found
more durable immune response with heterologous third
doses.”® Therefore, potentially the 6% of participants
with two viral vector vaccine doses followed by an
mRNA vaccine may have had slightly more durable
protection, although the effect is expected to be minimal
across such a large cohort.

Due to the small number of truly asymptomatic
cases, for our symptoms analysis we grouped together
asymptomatic cases and those reporting only non-
COVID-19-specific symptoms, such as fatigue or muscle
ache. Whilst non-specific symptoms occurring around
the time of COVID-19 infection may be linked to the
infection, this grouping reflects the fact that most par-
ticipants reported one or more of these non-specific
symptoms at some point during the study period,
regardless of PCR status.

Conclusions

In this highly vaccinated, infection-experienced, work-
ing-age cohort there was a small but short-lived in-
crease in protection against SARS-CoV-2 infection
associated with receipt of booster vaccination during an
Omicron sub-variant period. Given the more marginal
benefit in comparison with first boosters, and the
notably lower coverage of second boosters, economic
evaluation will be increasingly important in informing
future vaccine deployment. With SARS-CoV-2 yet to
settle into a seasonal pattern and considering the short-
lived protection provided by current COVID-19 vac-
cines, it appears premature to plan mass roll-out of
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annual boosters akin to Influenza. Currently, therefore,
vaccine boosters remain an important tool in
responding to the dynamic COVID-19 landscape;
boosting population immunity in advance of periods of
anticipated pressure, such as surging infection rates or
emerging variants of concern.
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