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Open Forum Infectious Diseases                                   

M A J O R  A R T I C L E
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Background. Successive severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants have caused severe disease in 
long-term care facility (LTCF) residents. Primary vaccination provides strong short-term protection, but data are limited on 
duration of protection following booster vaccines, particularly against the Omicron variant. We investigated the effectiveness of 
booster vaccination against infections, hospitalizations, and deaths among LTCF residents and staff in England.

Methods. We included residents and staff of LTCFs within the VIVALDI study (ISRCTN 14447421) who underwent routine, 
asymptomatic testing (December 12, 2021–March 31, 2022). Cox regression was used to estimate relative hazards of SARS-CoV-2 
infection, and associated hospitalization and death at 0–13, 14–48, 49–83, 84–111, 112–139, and 140+ days after dose 3 of SARS- 
CoV-2 vaccination compared with 2 doses (after 84+ days), stratified by previous SARS-CoV-2 infection and adjusting for age, sex, 
LTCF capacity, and local SARS-CoV-2 incidence.

Results. A total of 14 175 residents and 19 793 staff were included. In residents without prior SARS-CoV-2 infection, infection 
risk was reduced 0–111 days after the first booster, but no protection was apparent after 112 days. Additional protection following 
booster vaccination waned but was still present at 140+ days for COVID-associated hospitalization (adjusted hazard ratio [aHR], 
0.20; 95% CI, 0.06–0.63) and death (aHR, 0.50; 95% CI, 0.20–1.27). Most residents (64.4%) had received primary course vaccine of 
AstraZeneca, but this did not impact pre- or postbooster risk. Staff showed a similar pattern of waning booster effectiveness against 
infection, with few hospitalizations and no deaths.

Conclusions. Our findings suggest that booster vaccination provided sustained protection against severe outcomes following 
infection with the Omicron variant, but no protection against infection from 4 months onwards. Ongoing surveillance for 
SARS-CoV-2 in LTCFs is crucial.
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The disproportionate impact of coronavirus disease 2019 
(COVID-19) on long-term care facilities (LTCFs) has been ex
tensively documented, both in terms of direct effects of mor
bidity and mortality and indirect consequences of reduced 
access to health care, services, and social interactions [1]. 
Likely reasons for this include the closed-setting environment 

of LTCFs, impaired immune responses due to aging, and 
high levels of comorbidity [2]. As such, LTCF residents and 
staff were prioritized for vaccination against severe acute respi
ratory syndrome coronavirus 2 (SARS-CoV-2).

Vaccination programs in UK LTCFs commenced on 
December 8, 2020 [3, 4], with primary series delivery of homolo
gous prime-boost with either BNT162b2 (Pfizer) or ChAdOx1 
(AstraZeneca) using an 8–12-week dose interval. LTCF residents 
and staff were prioritized for additional booster vaccination (third 
dose) from September 14, 2021, with a fourth dose for adults aged 
75 years and over and older residents in LTCFs from spring 2022 
[5] based on evidence that protection against severe disease waned 
from 6 months following primary vaccination in older adults [6] 
and concerns about the impact of new variants.

We previously reported a high level of short-term protection 
against infection and severe clinical outcomes following prima
ry course vaccination in LTCF residents and staff while Alpha 
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and Delta variants were dominant [7]. However, we observed 
substantial waning of protection against infection in staff and 
against all outcomes (infection, hospital admission, death) in 
residents from 84 days (12 weeks) following the second dose, 
which was restored following a booster dose [7]. Substantially 
increased short-term protection against symptomatic disease, 
hospitalization, and death was also seen in adults aged >50 
years following a third-dose booster vaccination during high 
prevalence of the Delta variant, with limited waning of protec
tion after 70 days [8]. Data on booster vaccination effectiveness 
against Omicron in LTCFs are limited, particularly following a 
primary course of AstraZeneca. However, 3 vaccine doses have 
been reported to offer high levels of protection against hospital
ization with the Omicron variant in community-dwelling 
adults aged 75 years and over, with minimal waning 2–3 
months postvaccination [9].

The aim of this study was to evaluate the effectiveness of 
third- and fourth-dose booster vaccination against infection, 
hospitalizations, and death among staff and residents of 
LTCFs in England, from when the Omicron variant became 
dominant until the end of the asymptomatic testing program 
in LTCF residents (December 12, 2021, to March 31, 2022).

METHODS

Study Design and Setting

VIVALDI is a prospective cohort study investigating 
SARS-CoV-2 in residents and staff in LTCFs in England and 
is described in detail elsewhere [10]. In the analysis period, fol
lowing national guidelines, residents were undergoing monthly 
routine polymerase chain reaction (PCR) testing while staff 
were undergoing weekly testing using a combination of PCR 
and lateral flow devices (LFDs). We did not require PCR con
firmation of positive LFD results in our analyses. Residents 
with a positive PCR test were not routinely retested for 90 
days unless they developed new COVID-19 symptoms [11]; 
however, staff resumed asymptomatic LFD testing upon return 
to work following infection [12].

The analysis period is defined from December 12, 2021, 
when the S-gene target failure (SGTF) marker for Omicron 
(BA.1) was first detected in the data set [13], to March 31, 
2022, when asymptomatic testing in residents ended [14]. 
Individuals were eligible for inclusion if they had ≥1 PCR or 
LFD result available within the analysis period. We excluded 
individuals who had not received ≥2 vaccine doses at the start 
of the analysis period.

Data Extraction and Linkage

We retrieved all PCR results and available LFD results from 
routine symptomatic and asymptomatic testing in LTCFs and 
positive PCR results from staff and residents who underwent 
clinical testing in hospitals through the COVID-19 

Datastore [15]. Test results, vaccination, hospitalization, and 
deaths data were linked to study participants using 
pseudo-identifiers based on individuals’ unique National 
Health Service (NHS) numbers [7]. COVID-19 hospitalization 
was defined as an admission within 14 days of a positive PCR or 
LFD test for SARS-CoV-2 or admission with a positive test on 
the same or subsequent day. COVID-19 death was defined as 
within 28 days of positive PCR or LFD test.

As previously [7], we linked SARS-CoV-2 serological test re
sults for immunoglobulin G antibodies to the nucleocapsid 
protein (Abbott ARCHITECT system, Abbott, Maidenhead, 
UK) in a subset of participants who consented to blood sam
pling specifically for the VIVALDI study [16]. Recruitment to 
the blood sampling part of the study was managed within 
LTCFs, so this subset may not be completely representative 
of the population as a whole (eg, those residents less able to 
consent would be less likely to be recruited). We combined pos
itive PCR and LFD results, COVID-19-related hospital admis
sion records, and positive nucleocapsid antibody results before 
the analysis period into a binary variable indicating evidence of 
prior SARS-CoV-2 exposure.

Care Quality Commission unique location identification 
(CQC-ID) codes were used to link residents to LTCFs. Data 
on bed capacity were retrieved from Capacity Tracker [17] 
and requested directly from LTCF managers if unavailable. 
Seven-day rolling rates of SARS-CoV-2 incidence at the local 
authority level [18] were used to represent local infection pres
sure for each LTCF. A data privacy impact assessment was 
completed for the VIVALDI study, and a privacy notice was 
published [19].

Statistical Analysis

We examined individual-level vaccine effectiveness against in
fection, hospitalization within 14 days, and death within 28 
days of a positive test. Analyses were separately conducted 
for residents aged ≥65 years and for staff between 18 and 75 
years. Individuals were eligible for inclusion if they had com
plete data on sex and age, had received ≥2 vaccine doses 84 
days (≥12 weeks) before the analysis start date, had ≥1 PCR 
or LFD test result recorded within the analysis period, and 
were linked to an LTCF with data on total number of staff 
and residents. Individuals with third vaccine dose recorded be
fore the start of official rollout on September 14, 2021, were 
excluded.

We used Cox regression models to derive adjusted hazard ra
tios (HRs) for the risk of each outcome of interest. Vaccination 
status was included as a time-varying covariable. The reference 
category was 2 vaccine doses, with 84 days (≥12 weeks) elapsed 
from dose 2. The exposure categories were 0–13, 14–48, 49–83, 
84–111, 112–139, and ≥140 days following dose 3 and any time 
following dose 4. Individuals could start in the 2-dose vaccinat
ed state and sequentially transition through 3- and 4-dose 
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vaccinated exposure states. Individuals entered the risk period 
on December 12, 2021, or the date of their first recorded PCR/ 
LFD result within VIVALDI if later. Individuals with a positive 
PCR/LFD result within 30 days before December 12, 2021, en
tered the risk period from the 31st day post–positive test. 
Individuals exited the risk period at the earliest of the following: 
outcome of interest or end of analysis period. For hospitaliza
tion, individuals were additionally censored at 15 days post– 
positive SARS-CoV-2 test if there was no hospital admission 
by then, and similarly for mortality after 29 days. Baseline haz
ard was defined over calendar time. Ninety-five percent CIs 
were calculated using robust SEs accounting for dependence 
of infection events within LTCFs.

The primary analysis was stratified by evidence of 
SARS-CoV-2 infection before the risk period. We adjusted 
for sex (binary variable), age (5-knot restricted cubic spline 
term), LTCF size expressed as total number of beds (linear 
term), and local SARS-CoV-2 incidence expressed as 7-day 
rolling rate per 100 population. Local incidence was included 
as a 3-knot restricted cubic spline term with separate coeffi
cients for each calendar month. We also evaluated the effect 
of AstraZeneca vs Pfizer primary vaccination course (as record
ed for dose 2) on each outcome. This effect was estimated sep
arately before and after initial booster dose (dose 3) and tested 
jointly using a multivariate Wald test.

We also conducted a descriptive analysis of the incidence of 
new and repeat SARS-CoV-2 infections in LTCF staff and res
idents from October 2020 onwards (when regular testing had 
been implemented) to evaluate whether the Omicron variant 
was associated with a rise in reinfections. Repeat infections 
were considered to be any positive PCR/LFD test recorded 
>30 days after the previous positive test. Participants were con
sidered to be under follow-up from first recorded PCR/LFD test 
until 90 days after their last recorded test.

All statistical analyses were conducted using STATA 17.0.

Patient Consent

Patient consent was not obtained for use of data other than for 
the subset of patients who underwent blood sampling specifi
cally for the VIVALDI study. The legal basis to access data 
from staff and residents without informed consent was 
provided by Regulation 3(4) of the Health Service (Control of 
Patient Information) Regulations 2002 (COPI) [20]. Ethical 
approval for the study was obtained from the South Central- 
Hampshire B Research Ethics Committee (20/SC/0238).

RESULTS

A total of 14 175 residents and 19 793 staff from 328 
LTCFs (Supplementary Table 1) were included in the analysis 
(Figure 1). Two thousand seven hundred residents (19.0%) 
and 2911 staff (14.7%) had recorded evidence of SARS-CoV-2 

infection before the analysis period (Table 1); 60 953 PCR 
(mean ± SD per month, 1.92 ± 2.34) and 27 533 LFD (0.76 ± 
2.36 per month) tests for residents and 80 505 PCR (1.62 ± 
2.02 per month) and 281 947 LFD (5.16 ± 6.34 per month) tests 
for staff were included.

In the subset of 971 residents with ≥1 nucleocapsid antibody 
result available before the analysis period, antibodies indicating 
prior SARS-CoV-2 infection were found in 304 (31.3%). Of the 
304, only 147 (48%) had other evidence of prior infection (ie, 
positive PCR or LFD test or hospital admission for 
COVID-19) recorded. Of the 2147 staff with ≥1 nucleocapsid 
antibody result available before the analysis period, antibodies 
indicating prior SARS-CoV-2 infection were found in 440 
(20.5%). Of the 440, only 132 (30.0%) had other evidence of pri
or infection recorded. These findings indicate that the true pro
portion of residents and staff with prior infections is likely to be 
substantially higher than that based on the available evidence 
for each individual participant given that a minority of partic
ipants underwent antibody testing.

A total of 12 430 (87.7%) residents and 12 505 (63.2%) staff 
had received a booster vaccination dose before the analysis 
period, and 13 487 (95.1%) residents and 16 977 (85.8%) staff 
by the end. First booster doses were Pfizer in the majority (res
idents n = 13 044, 96.7%; staff n = 14 379, 84.7%), with Moderna 
used in a small number (residents n = 414, 3.1%; staff n = 2584, 
15.2%). Second boosters (fourth vaccine) had been received by 
6.9% of residents and 0.9% of staff by the end of the analysis 
period.

Infection

In residents without known prior SARS-CoV-2 infection, there 
was reduced risk of SARS-CoV-2 infection in the periods 0–13 
days (HR, 0.56; 95% CI, 0.36–0.88), 14–48 days (HR, 0.33; 95% 

Figure 1. Flowchart for inclusion in the analysis of booster vaccine effectiveness. 
Abbreviations: LFD, lateral flow device; PCR, polymerase chain reaction.
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CI, 0.24–0.46), 49–83 days (HR, 0.37; 95% CI, 0.29–0.48), and 
84–111 days (0.64; 95% CI, 0.51–0.80) after the first booster 
vaccine dose, relative to 2-dose vaccination (Table 2). 
However, no protection was apparent at 112–139 days (HR, 
1.04; 95% CI, 0.71–1.53) or 140+ days (HR, 1.17; 95% CI, 
0.81–1.67) following booster vaccination. Residents with 
known infection before the analysis period were at reduced 
risk of new infection relative to those without prior infection 
(HR, 0.50; 95% CI, 0.35–0.72), and within this group further 
protection following booster vaccination followed a similar 
pattern to that observed in infection-naïve residents. 

Infection rates were lower after second booster doses, but HR 
estimates were wide due to limited follow-up time. 
Additional adjustment for type of primary course before and 
after the booster dose did not improve model fit (P = .14).

A protective effect of first booster vaccine dose was also seen 
in staff, although no protection was apparent by 112–139 days 
(HR, 1.21; 95% CI, 1.03–1.41) (Table 3). However, prior infec
tion was not associated with any reduction in risk of new 
SARS-CoV-2 infection in this group (HR, 1.09; 95% CI, 0.94– 
1.25), and a similar pattern of protection from infection follow
ing the first booster dose was observed in this group. Additional 

Table 1. Characteristics of Residents and Staff Included in the Analysis of Booster Vaccine Effectiveness

Residents Staff All Participants

No. 14 175 19 793 33 968

Age (IQR, range), y 84.4 (76.4–90.4, 65.0–114.2) 50.8 (37.0–59.0, 18.0–75.0) 62.0 (47.0–81.8, 18.0–114.2)

Male sex 4619 (32.6) 4296 (21.7) 8915 (26.2)

Female sex 9556 (67.4) 15 497 (78.3) 25 053 (73.8)

Prior SARS-CoV-2 exposure …

Pre-analysis PCR positive 1958 (13.8) 2078 (10.5) 4036 (11.9)

Pre-analysis LFD positive 77 (0.5) 670 (3.4) 747 (2.2)

Pre-analysis COVID-19 admission 899 (6.3) 140 (0.7) 1039 (3.1)

Pre-analysis N-antibody results available 971 (6.9) 2147 (10.8) 3118 (9.2)

Pre-analysis N-antibody positive 304 (2.1) 440 (2.2) 744 (2.2)

Total pre-analysis infection 2700 (19.0) 2911 (14.7) 5611 (16.5)

Vaccination … …

First dose … …

AstraZeneca 8958 (63.2) 10 496 (53.0) 19 454 (57.3)

Pfizer BioNTech 5215 (36.8) 9091 (45.9) 14 306 (42.1)

Moderna 2 (0.0) 197 (1.0) 199 (0.6)

Second dose … …

AstraZeneca 9133 (64.4) 10 484 (53.0) 19 617 (57.8)

Pfizer BioNTech 5039 (35.5) 9104 (46.0) 14 143 (41.6)

Moderna 2 (0.0) 196 (1.0) 198 (0.6)

Second dose to analysis start (IQR, range), d …

AstraZeneca 248 (233–258, 84–337) 218 (196–249, 84–305) 241 (207–256, 84–337)

Pfizer BioNTech 263 (252–271, 86–348) 259 (216–276, 84–348) 261 (234–275, 84–348)

Moderna 129 (97–160, 97–160) 123 (104–150, 84–289) 123 (103–150, 84–289)

Booster dose (at start of period) 12 430 (87.7) 12 505 (63.2) 24 935 (73.4)

AstraZeneca 11 (0.1) 9 (0.1) 20 (0.1)

Pfizer BioNTech 12 077 (97.2) 11 160 (89.2) 23 237 (93.2)

Moderna 342 (2.8) 1336 (10.7) 1678 (6.7)

Booster dose (by end of period) 13 487 (95.1) 16 977 (85.8) 30 464 (89.7)

AstraZeneca 29 (0.2) 14 (0.1) 43 (0.1)

Pfizer BioNTech 13 044 (96.7) 14 379 (84.7) 27 423 (90.0)

Moderna 414 (3.1) 2584 (15.2) 2998 (9.8)

Booster interval from dose 2 (IQR, range), d 203 (191–217, 25–436) 199 (187–220, 56–436) 201 (189–218, 25–436)

2nd booster dose (by end of period) 985 (6.9) 173 (0.9) 1158 (3.4)

AstraZeneca 5 (0.5) 0 (0.0) 5 (0.4)

Pfizer BioNTech 768 (78.0) 144 (83.2) 912 (78.8)

Moderna 212 (21.5) 29 (16.8) 241 (20.8)

PCR testing (total tests) 60 953 80 505 141 458

Tests per person per month, mean (SE) 1.92 (2.34) 1.62 (2.02) 1.75 (2.17)

LFD testing (total tests) 27 533 281 995 309 528

Tests per person per month, mean (SE) 0.76 (2.36) 5.16 (6.34) 3.32 (5.52)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; LFD, lateral flow device; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.

4 • OFID • Stirrup et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/10/1/ofac694/6965272 by U

niversity of Birm
ingham

 user on 16 O
ctober 2023



Table 2. Crude Event Rates and Adjusted Hazard Ratios Against PCR- or LFD-Positive SARS-CoV-2 Infections, Hospitalization Within 14 Days, and Deaths 
Within 28 Days of a Positive PCR or LFD Test for LTCF Residents, by Prior SARS-CoV-2 Exposure and Vaccination Status

SARS-CoV-2 Infections

Prior SARS-CoV-2 Exposure Vaccination Status Person-Days Infections IR/1000pd HR (95% CI)a HR (95% CI)a

Unexposed D2 84+ d 50 569 215 4.25 Ref. …

… D3 0–13 d 10 350 42 4.06 0.56 (0.36–0.88) …

… D3 14–48 d 75 307 142 1.89 0.33 (0.24–0.46) …

… D3 49–83 d 245 243 537 2.19 0.37 (0.29–0.48) …

… D3 84–111 d 233 204 737 3.16 0.64 (0.51–0.80) …

… D3 112–139 d 193 957 467 2.41 1.04 (0.71–1.53) …

… D3 140+ d 142 948 430 3.01 1.17 (0.81–1.67) …

… D4 0+ d 6991 16 2.29 0.78 (0.37–1.65) …
Exposed D2 84+ d 16 788 31 1.85 0.50 (0.35–0.72) Ref.

… D3 0–13 d 3204 4 1.25 … 0.30 (0.11–0.87)

… D3 14–48 d 19 271 12 0.62 … 0.22 (0.12–0.42)

… D3 49–83 d 63 998 89 1.39 … 0.45 (0.28–0.72)

… D3 84–111 d 60 728 112 1.84 … 0.75 (0.47–1.18)

… D3 112–139 d 50 557 72 1.42 … 1.34 (0.79–2.28)

… D3 140+ d 39 885 70 1.76 … 1.44 (0.80–2.61)

… D4 0+ d 1718 1 0.58 … 0.35 (0.05–2.58)

SARS-CoV-2 Hospitalizations

Prior SARS-CoV-2 Exposure Vaccination Status Person-Days Hosp. IR/1000pd HR (95% CI)a HR (95% CI)a

Unexposed D2 84+ d 53 453 15 0.28 Ref. …

… D3 0–13 d 10 629 2 0.19 0.31 (0.06–1.60) …

… D3 14–48 d 77 043 7 0.09 0.23 (0.08–0.64) …

… D3 49–83 d 251 213 21 0.08 0.18 (0.08–0.40) …

… D3 84–111 d 243 597 23 0.09 0.23 (0.11–0.47) …

… D3 112–139 d 201 821 13 0.06 0.30 (0.11–0.79) …

… D3 140+ d 147 979 6 0.04 0.20 (0.06–0.63) …

… D4 0+ d 7095 0 0 — …

Exposed D2 84+ d 17 229 0 0 — Ref.

… D3 0–13 d 3259 0 0 … —

… D3 14–48 d 19 415 0 0 … —

… D3 49–83 d 64 986 1 0.02 … —

… D3 84–111 d 62 445 1 0.02 … —

… D3 112–139 d 51 754 1 0.02 … —

… D3 140+ d 40 806 0 0 … —

… D4 0+ d 1720 0 0 … —

SARS-CoV-2 Mortality

Prior SARS-CoV-2 Exposure Vaccination Status Person-Days Deaths (w. 28 d) IR/1000pd HR (95% CI)a HR (95% CI)a

Unexposed D2 84+ d 55 824 23 0.41 Ref. …

… D3 0–13 d 10 640 1 0.09 0.20 (0.03–1.55) …

… D3 14–48 d 78 127 6 0.08 0.17 (0.06–0.48) …

… D3 49–83 d 254 082 18 0.07 0.15 (0.07–0.31) …

… D3 84–111 d 251 293 27 0.11 0.15 (0.08–0.28) …

… D3 112–139 d 210 572 39 0.19 0.49 (0.23–1.01) …

… D3 140+ d 151 975 17 0.11 0.50 (0.20–1.27) …

… D4 0+ d 7222 0 0 — …

Exposed D2 84+ d 17 565 0 0 — Ref.

… D3 0–13 d 3268 0 0 … —

… D3 14–48 d 19 506 1 0.05 … —

… D3 49–83 d 65 357 0 0 … —

… D3 84–111 d 63 674 9 0.14 … —

… D3 112–139 d 53 106 3 0.06 … —

… D3 140+ d 41 562 1 0.02 … —

… D4 0+ d 1720 0 0 … —

Abbreviations: HR, hazard ratio; IR, incidence rate; LCTF, long-term care facility; LFD, lateral flow device; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.  
aHR values in the 2 columns are from mathematically identical statistical models, but HRs in right-hand column are expressed relative to “D2 84+ d” vaccine status in individuals with prior 
SARS-CoV-2 infection.
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adjustment for type of primary course before and after booster 
dose did not improve model fit (P = .13).

Hospitalization

In residents without known prior SARS-CoV-2 infection, the first 
booster dose reduced risk of hospitalization within 0–13 days of 
SARS-CoV-2 infection (HR, 0.31; 95% CI, 0.06–1.60), which 
was sustained across 14–48 days (HR, 0.23; 95% CI, 0.08–0.64), 
49–83 days (HR, 0.18; 95% CI, 0.08–0.40), 84–111 days (HR, 
0.23; 95% CI, 0.11–0.47), 112–139 days (HR, 0.30; 95% CI, 
0.11–0.79), and 140+ days (HR, 0.20; 95% CI, 0.06–0.63) from re
ceipt of booster dose. No hospitalizations were observed after sec
ond booster doses, but follow-up time was limited. Residents with 

known infection before the analysis period were at reduced risk of 
hospitalization relative to those without prior infection, and with
in this group there were too few hospitalization events to reliably 
estimate the effect of booster vaccination. Additional adjustment 
for primary vaccine course type did not improve model fit (P = 
.60). Staff were at low risk of hospitalization following 
SARS-CoV-2 infection, precluding meaningful analysis of the ef
fect of booster vaccination.

Death

In residents without known prior SARS-CoV-2 infection, the 
first booster reduced risk of death within 28 days of 
SARS-CoV-2 infection after 0–13 days (HR, 0.20; 95% CI, 

Table 3. Crude Event Rates and Adjusted Hazard Ratios Against PCR- or LFD-Positive SARS-CoV-2 Infections and Crude Event Rates for Hospitalization 
Within 14 Days of a Positive PCR or LFD Test for LTCF Staff, by Prior SARS-CoV-2 Exposure and Vaccination Status

SARS-CoV-2 Infections

Prior SARS-CoV-2 Exposure Vaccination Status Person-Days Infections IR/1000pd HR (95% CI)a HR (95% CI)a

Unexposed D2 84+ d 240 831 909 3.77 Ref. …

… D3 0–13 d 50 432 142 2.82 0.33 (0.27–0.41) …

… D3 14–48 d 220 952 434 1.96 0.38 (0.33–0.43) …

… D3 49–83 d 354 361 731 2.06 0.57 (0.51–0.64) …

… D3 84–111 d 297 767 800 2.69 0.67 (0.59–0.76) …

… D3 112–139 d 190 912 442 2.32 1.21 (1.03–1.42) …

… D3 140+ d 140 821 461 3.27 1.72 (1.48–1.99) …

… D4 0+ d 4818 7 1.45 0.77 (0.36–1.65) …

Exposed D2 84+ d 50 290 200 3.98 1.09 (0.94–1.25) Ref.

… D3 0–13 d 7822 16 2.05 … 0.21 (0.12–0.36)

… D3 14–48 d 30 758 47 1.53 … 0.28 (0.20–0.39)

… D3 49–83 d 58 004 141 2.43 … 0.50 (0.40–0.62)

… D3 84–111 d 52 154 167 3.2 … 0.59 (0.47–0.73)

… D3 112–139 d 38 584 94 2.44 … 1.15 (0.87–1.53)

… D3 140+ d 33 867 101 2.98 … 1.43 (1.13–1.81)

… D4 0+ d 479 0 0 … —

SARS-CoV-2 Hospitalizations

Prior SARS-CoV-2 Exposure Vaccination Status Person-Days Hosp. IR/1000pd HR (95% CI)a HR (95% CIa

Unexposed D2 84+ d 253 522 2 0.01 — …

… D3 0–13 d 51 485 1 0.02 — …

… D3 14–48 d 226 901 3 0.01 — …

… D3 49–83 d 363 558 7 0.02 — …

… D3 84–111 d 309 364 4 0.01 — …

… D3 112–139 d 198 028 2 0.01 — …

… D3 140+ d 146 879 0 0 — …

… D4 0+ d 4888 0 0 — …

Exposed D2 84+ d 53 279 2 0.04 — —

… D3 0–13 d 7925 0 0 … —

… D3 14–48 d 31 440 1 0.03 … —

… D3 49–83 d 59 781 1 0.02 … —

… D3 84–111 d 54 484 2 0.04 … —

… D3 112–139 d 40 358 1 0.02 … —

… D3 140+ d 35 167 0 0 … —

… D4 0+ d 479 0 0 … —

Abbreviations: HR, hazard ratio; IR, incidence rate; LCTF, long-term care facility; LFD, lateral flow device; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.  
aHR values in the 2 columns are from mathematically identical statistical models, but HRs in right-hand column are expressed relative to “D2 84+ d” vaccine status in individuals with prior 
SARS-CoV-2 infection.
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0.03–1.55), 14–48 days (HR, 0.17; 95% CI, 0.06–0.48), 49–83 
days (HR, 0.15; 95% CI, 0.07–0.31), and 84–111 days (HR, 
0.15; 95% CI, 0.08–0.28), with apparent waning in the level of 
protection by 112–139 days (HR, 0.49; 95% CI, 0.23–1.01) 
and 140+ days (HR, 0.50; 95% CI, 0.20–1.27). Residents with 
known infection before the analysis period were at reduced 
risk of death relative to those without prior infection, and with
in this group there were too few deaths to evaluate the impact of 
booster vaccination. No deaths were observed after second 
booster doses, but limited follow-up time was available. 
Additional adjustment for primary vaccine course type did 
not improve model fit (P = .99). No deaths within 28 days of 
a positive SARS-CoV-2 test were observed among staff.

Reinfections

The appearance and spread of the Omicron variant in late 2021 
and early 2022 were associated with a peak in incidence of new 
SARS-CoV-2 infections that exceeded the previous highest re
corded levels in both residents and staff (Figure 2). There was 
also a substantial rise in the incidence of reinfections detected. 
In line with our Cox models, residents with prior SARS-CoV-2 
infection only displayed moderately lower incidence of new in
fection than exposure-naïve residents during this period, and in 
staff the incidence of infection was unrelated to history of pre
vious infection (Supplementary Figure 1).

Our analysis of the risk of infection in relation to booster 
vaccination only includes the first observed infection in any 

given participant within the analysis period. However, we ob
served 2 infections within the analysis period, using a 30-day 
cutoff to define new infection episodes, in 15 residents 
(0.11%) and 79 staff (0.40%).

DISCUSSION

We found that SARS-CoV-2 infection and associated hospital
izations and deaths in LTCF residents who had received boos
ter (third dose) vaccination were reduced compared with those 
who had only received the primary vaccine course during the 
period of Omicron dominance in England. However, no pro
tection against infection was apparent in residents from 112 
days after the third dose, and there was some waning of protec
tion against hospitalization and death. While there was some 
evidence to suggest that infection rates were lower after second 
booster doses, the follow-up time was limited. Among staff, in
fections were reduced in those who had received booster vacci
nation, but the rates of hospitalization and death were too low 
for analysis. Overall, these findings suggest that booster vacci
nation provides protection in residents against infection with 
the Omicron variant but that this protection wanes, with 
more moderate waning of protection against associated severe 
outcomes. Those with prior infection were susceptible to rein
fection with Omicron.

Few studies have explored infection and severe outcomes af
ter booster vaccination doses specifically in LTCFs, and fewer 

Figure 2. Rolling 7-day average incidence rate of new SARS-CoV-2 infections (green, upper lines) and repeat SARS-CoV-2 infections (red, lower lines) among residents (A) 
and staff (B) of long-term care facilities in the Vivaldi study. Incidence rates are calculated according to the total population under follow-up for residents and staff (and are 
proportional to total case counts). Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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still have explored this during the period in which the Omicron 
variant dominated. To the best of our knowledge, this is the 
only study to evaluate booster effectiveness in residents of 
LTCFs who have received AstraZeneca vaccine as their primary 
course.

A Canadian study explored the effectiveness of fourth-dose 
vaccination (primarily mRNA-1273), compared with third- 
dose, among residents aged 60 years and older in LTCFs and 
found evidence of improved protection against infection, 
symptomatic infection, and severe outcomes during the 
Omicron period [21]. A waning effect was observed 84 days af
ter the third dose, but the follow-up time after the fourth dose 
was too limited for analysis [21]. A study conducted in the 
United States while Omicron was dominant estimated that 
VE against infection was 46.9% in LTCF residents who received 
a booster dose compared with those who had received 2-dose 
(primary course) vaccination, where booster vaccination was 
received ≥14 days before a positive test [22].

Our findings are also consistent with studies conducted in 
Israel that found that a third dose of the BNT162b2 mRNA vac
cine compared with receipt of only 2 doses [23] and a fourth 
dose of the BN162b2 mRNA vaccine compared with 3 vaccine 
doses appeared to be effective in reducing risk of hospitaliza
tion, severe disease, and COVID-19-related death [24, 25]. 
There was evidence of waning effectiveness against infection 
[24], but sustained protection against severe disease [24, 25]. 
However, the study exploring third-dose vaccine effectiveness 
was conducted in the general population and excluded health 
care staff and LTCF residents, while the fourth-dose studies 
were conducted in older adults aged 60 years, only some of 
whom were LTCF residents. These findings may therefore 
not be generalizable to vulnerable residents of LTCFs.

It might be considered surprising that staff showed a similar 
pattern of waning protection against SARS-CoV-2 infection fol
lowing receipt of a booster vaccine dose, but this is consistent 
with previous work in which we found similar levels and patterns 
of decline between residents and staff for antispike antibody lev
els following the second vaccination dose [26]. However, it is also 
relevant that booster vaccines within our analysis were based 
solely on the original Wuhan SARS-CoV-2 strain, and it has 
been shown that overall antispike antibody levels in response 
to such booster vaccines were not predictive of infection with 
the Omicron variant [27]. Despite concerns surrounding immu
nosenescence in older and vulnerable populations, and some un
certainty regarding the exact mechanism of protection given 
reduced neutralization against Omicron, it is clear that booster 
vaccinations did provide substantial protection over the short 
term in LTCF residents [21, 22].

This study has a number of strengths. Data were collected 
from a large cohort of LTCF residents and staff across 
England and linked to routinely collected and high-quality 
data on testing, hospitalizations, death, and vaccination. The 

study population underwent regular, asymptomatic testing, 
which enabled the systematic identification of study partici
pants, accurate measurement of person-time at risk, and a com
paratively unbiased assessment of vaccine effectiveness 
compared with studies that rely on symptomatic testing.

A limitation of the study is that it may have underestimated 
prior infection, as only a subset of participants underwent an
tibody testing. This will have resulted in an underestimate of 
the impact of past infection as people without antibody testing, 
along with those whose antibodies had waned, may have been 
misclassified as infection-naïve. For both residents and staff, a 
substantial proportion of those with evidence of prior infection 
on antibody testing did not have any other evidence of prior in
fection (ie, positive PCR or LFD test or hospital admission for 
COVID-19) recorded.

Due to the nature of the data collection for hospitalization 
and death records, it was not possible to distinguish between 
outcomes that occurred in individuals “with” and “from” 
COVID-19. This could potentially have led to underestimation 
of the protective effect of booster vaccination on severe out
comes. However, we also note that attribution of a single cause 
of death is not always clear-cut [28], particularly in the context 
of an extremely frail population.

Although our analysis focused on the period when the 
Omicron variant was dominant, we did not have access to se
quencing data, so it was not possible to confirm the viral sub
lineage or to investigate whether multiple positive PCR tests 
from the same individual over time were genuine reinfections. 
It was also not possible to include data on comorbidities, which 
may impact estimates of vaccine effectiveness.

This study suggests that third-dose booster vaccination pro
vided sustained protection against severe outcomes following 
infection with the Omicron variant in this vulnerable cohort, 
despite some waning, but protection against infection was 
not apparent from around 4 months onwards. In England, peo
ple aged over 75 years, including LTCF residents, and those 
who are clinically vulnerable were offered a fourth 
COVID-19 vaccination dose in spring 2022 [5]. Recent studies 
have shown fourth vaccine doses to be effective against severe 
illness caused by the Omicron variant when compared with a 
third dose administered 3–4 months previously in residents 
of LTCFs and older adults, respectively [21, 25], but it is not 
yet known whether this pattern of waning immunity will con
tinue to be seen. It seems likely that regular vaccination will be 
required for residents of LTCFs to ensure continued protection 
against SARS-CoV-2, particularly given the potential for the 
rapid emergence of new variants, which may affect vaccine ef
fectiveness. In this context, our findings underscore the critical 
need for continued surveillance of vaccine effectiveness against 
infection and severe outcomes in LTCFs to inform future deci
sions on the frequency and timing of vaccination in this vulner
able cohort.
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Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the au
thors, so questions or comments should be addressed to the corresponding 
author.
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