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ABSTRACT

OBJECTIVES

To estimate the marginal effectiveness of a fourth
versus third dose and the vaccine effectiveness of
mRNA covid-19 vaccines BNT162b2 and mRNA-1273
against any infection, symptomatic infection, and
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to the omicron variant.

http://dx.doi.org/10.1136/ DESIGN
bmj-2022-071502 Test negative design.
Accepted: 08 June 2022 SETTING

Long term care facilities in Ontario, Canada, 30
December 2021 to 27 April 2022.

PARTICIPANTS

After exclusions, 61 344 residents aged 60 years or
older across 626 long term care facilities in Ontario,
Canada who were tested for SARS-CoV-2 were
included.

MAIN OUTCOME MEASURES

Laboratory confirmed omicron SARS-CoV-2 infection
(any and symptomatic) by reverse transcription
polymerase chain reaction (RT-PCR), and hospital
admission or death. Multivariable logistic regression
was used to estimate marginal effectiveness (four
versus three doses) and vaccine effectiveness (two,
three, or four doses versus no doses) while adjusting
for personal characteristics, comorbidities, week of
test, and previous positive SARS-CoV-2 test result
more than 90 days previously.

RESULTS
13 654 residents who tested positive for omicron
SARS-CoV-2 infection and 205 862 test negative

severe outcomes (hospital admission or death) related

WHAT IS ALREADY KNOWN ON THIS TOPIC

Real world effectiveness studies among adults aged 260 years in Israel suggest
that a fourth dose of BNT162b2 (Pfizer-BioNTech) provides considerable
additional protection against infection with the omicron variant and severe
covid-19 compared with a third dose received four or more months previously

WHAT THIS STUDY ADDS?

Among long term care residents in Ontario, Canada, a fourth dose of an mRNA
(BNT162b2 or mRNA-1273 (Moderna) vaccine was associated with increased
protection against omicron infection, symptomatic infection, and severe
outcomes compared with a third dose, particularly if the third dose was received
three or more months previously; 95% of residents received mRNA-1273 as their
fourth dose

Compared with unvaccinated residents, vaccine effectiveness increased with
each additional dose of an mRNA vaccine, and a fourth dose provided strong
protection against severe outcomes due to the omicron variant
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controls were included. The marginal effectiveness
of a fourth dose (95% of vaccine recipients received
mRNA-1273 as the fourth dose) seven days or more
after vaccination versus a third dose received 84 or
more days previously was 19% (95% confidence
interval 12% to 26%) against infection, 31% (20%
to 41%) against symptomatic infection, and 40%
(24% to 52%) against severe outcomes. Vaccine
effectiveness in vaccine recipients (compared with
unvaccinated) increased with each additional dose,
and for a fourth dose was 49% (95% confidence
interval 43% to 54%) against infection, 69% (61% to
76%) against symptomatic infection, and 86% (81%
to 90%) against severe outcomes.

CONCLUSIONS

The findings suggest that compared with a third dose
of mRNA covid-19 vaccine, a fourth dose improved
protection against infection, symptomatic infection,
and severe outcomes among long term care residents
during an omicron dominant period. A fourth vaccine
dose was associated with strong protection against
severe outcomes in vaccinated residents compared
with unvaccinated residents, although the duration of
protection remains unknown.

Introduction

Residents of long term care facilities are at high risk of
SARS-CoV-2 infection and severe outcomes for a range
of reasons, including risk of exposure to the virus owing
to reliance on care from others within a communal
setting, underlying comorbidities that increase the
risk of severe infection, and age related changes to
the immune system (immunosenescence) that might
affect the response to covid-19 vaccines.! 2 In Ontario,
which comprises nearly 40% of Canada’s population,
long term care facilities are publicly funded institutions
that provide housing, medical support, and 24 hour
access to personal and nursing care for people—mainly
older adults—who are unable to live in the community
because of major neurocognitive disorders or disability,
or both.? Currently, Ontario has 626 licensed long term
care facilities that collectively care for about 6% of
older Ontarians (265 years).” > Residents of long term
care facilities in Ontario have been disproportionately
affected by the covid-19 pandemic, accounting for
nearly two thirds of deaths during the first two waves.?
The introduction of covid-19 vaccines noticeably
improved outcomes for such residents within eight
weeks, with an 89% relative reduction in infections and
96%reductionin mortality compared with unvaccinated
control populations.® However, the effectiveness of two
doses declines over time, and the emergence of new
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variants of concern led to breakthrough infections and
an increase in deaths.”?® On 17 August 2021, Ontario
began offering a third (first booster) vaccine dose to
residents of long term care facilities.

The emergence of the omicron variant in
November 2021 raised concerns for long term care
populations, with early evidence suggesting increased
transmissibility, greater risk of reinfection, and
reduced vaccine protection against omicron compared
with previous variants of concern.**¢ Additionally,
susceptibility to infection increased owing to omicron’s
partial immune evasion and to waning immunity after
the third vaccine dose.'” '7 To mitigate another surge
in covid-19 related morbidity and mortality, Ontario
began offering a fourth (second booster) vaccine dose
on 30 December 2021 to long term care residents who
had received their third dose at least three months
previously (84 days)."® The preferred product was a
100 pg dose of mRNA-1273 (Spikevax; Moderna).™
The four dose schedule for long term care facilities
in Ontario was a universal one, aimed at vaccinating
all residents as quickly as possible, rather than a
targeted or tiered programme, such as prioritising
highest risk residents first. Other jurisdictions have
subsequently recommended a fourth (second booster)
vaccine dose for their long term care populations.
Although evidence from Israel suggests that a fourth
dose compared with a third dose provides additional
protection against SARS-CoV-2 infection and severe
covid-19 among older adults, findings have been
limited to the BNT162b2 (Comirnaty; Pfizer-BioNTech)
vaccine,'® ! and no studies to date have reported both
marginal effectiveness and vaccine effectiveness of a
fourth vaccine dose in long term care populations.

We estimated the marginal effectiveness of a fourth
dose of mRNA covid-19 vaccine versus a third dose,
and the vaccine effectiveness of varying numbers
of doses in vaccinated residents compared with an
unvaccinated group. For both objectives, we examined
infection, symptomatic infection, and severe outcomes
related to the omicron variant among residents of long
term care facilities in Ontario.

Methods

Study design, setting, and population

We used a test negative design and linked provincial
databases to estimate marginal effectiveness and
vaccine effectiveness among residents aged 60 years or
older as of 30 December 2021 (date eligible for fourth
vaccine dose) across the 626 long term care facilities in
Ontario. Residents must have had one or more reverse
transcription polymerase chain reaction (RT-PCR) tests
for SARS-CoV-2 between 30 December 2021 and 27
April 2022. Testing was commonplace in long term
care facilities, and might have been initiated because
of active screening (if a resident was experiencing
covid-19 symptoms, a resident had been in contact
with an individual of known positivity to SARS-CoV-2,
or during an outbreak) or passive screening (among
asymptomatic people without exposure to SARS-
CoV-2, to create an additional layer of protection).?”
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We excluded residents who received a fourth vaccine
dose before 30 December 2021 or had tested positive
for SARS-CoV-2 within the past 90 days. Canadian
and provincial guidelines recommend mRNA vaccines
(mRNA-1273 or BNT162b2) versus other Health
Canada approved covid-19 vaccine platforms.'* 2! Few
(n=165) residents received ChAdOx1-S (Vaxzevria or
Covishield; Oxford-AstraZeneca) and none received
Ad26.COV2.S (Janssen/Johnson & Johnson), the other
vaccines available in Canada at the time. Therefore, we
restricted our study population to those who received
mRNA vaccines for all doses. Supplementary figure S1
is a flowchart outlining the exclusion criteria. Given
B.1.1.529 (omicron) was the dominant circulating
variant of concern during our study period, representing
about 80.4% of samples tested on 28 December 2021
and more than 98.8% of samples tested after 30
January 2022,%* 2 we estimated vaccine effectiveness
against omicron only. Omicron was identified by whole
genome sequencing or S gene target failure testing; the
latter has 99.9% specificity, 99.5% positive predictive
value, and 99.7% negative predictive value.>* If
information on laboratory screening was unavailable,
we assumed those who tested positive were infected
with omicron unless the results confirmed B.1.617.2
(delta variant). We excluded residents infected with
delta identified by whole genome sequencing or S gene
target failure testing.

Data sources and outcomes

Using unique encoded identifiers, we linked provincial
SARS-CoV-2 laboratory testing, covid-19 vaccination,
and health administrative datasets (see supplementary
table S1) and analysed the data at ICES (formerly the
Institute for Clinical Evaluative Sciences).

Cohorts were created for three outcomes: any
infection (SARS-CoV-2 positivity, irrespective of
symptoms), symptomatic infection (one or more
symptoms consistent with covid-19 that was recorded
in the Ontario Laboratories Information System when
tested (see supplementary table S2 for details on
how symptom status was determined); many tested
individuals with symptoms could have been excluded
because symptom information was not recorded in the
Ontario Laboratories Information System for various
reasons), and severe outcomes (hospital admission or
death due to, or partially due to, covid-19). Residents
who tested positive at least once in a week were
considered cases and those testing negative for all
tests during that week were considered controls. We
sampled cases and controls within each week of the
study period so that time of testing was similar between
groups. Among cases with multiple occurrences of the
same outcome, we selected the first occurrence in the
study period. Once an individual became a case, they
could not re-enter the study. For controls, we randomly
selected one negative test result within each week of
the study period. It was possible for controls to later
be considered cases if they tested negative for SARS-
CoV-2 during earlier weeks of the study period and
tested positive in a subsequent week. For the infection
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outcomes, the index date was the date of specimen
collection, and for severe outcomes, the index date
was the earliest of specimen collection date, hospital
admission, or death.

Covid-19 vaccination

We used a centralised province-wide vaccine registry to
identify receipt of covid-19 vaccines, and we classified
long term care residents on the basis of number of
doses received. Groups were stratified on time since
the third dose (<84 days, 284 days) compared with the
index test date to evaluate third doses over time, as
well as time since the fourth dose (<7 days, >7 days) to
account for time to expected immune response.25

Covariates

From various databases (see supplementary table
Sl),26 we obtained information on each resident’s age,
sex, public health unit region of residence, week of
test, whether they had tested positive for SARS-CoV-2
longer than 90 days ago, comorbidities, and whether
there was an active SARS-CoV-2 outbreak in their long
term care facility.

Statistical analysis

We calculated means (continuous variables) and
frequencies (categorical variables) and compared test
negative controls with test positive omicron cases using
standardised differences. We also compared those
vaccinated with a third dose 84 or more days before
their index test with those who received no doses,
one dose, two doses, or three doses less than 84 days
previously, four doses less than seven days previously,
or four doses seven or more days previously. We also
examined descriptive facility level statistics across the
10 public health unit regions.

Multivariable logistic regression was used to estimate
odds ratios, comparing the odds of vaccination among
cases with the odds of vaccination among controls, while
adjusting for covariates. We accounted for clustering at
the facility level using a generalised estimating equations
framework with an exchangeable correlation structure.
The formula 1-odds ratiox100% was used to estimate
marginal effectiveness and vaccine effectiveness.
Geographical region was the only variable with missing
data, with few observations missing (0.3%); we removed
these observations from the analyses.

In the primary analysis for marginal effectiveness,
we compared the effectiveness less than seven days and
seven or more days after a fourth dose with a third dose
received 84 or more days previously, and we included
all covariates previously listed except for outbreak
in the long term care facility. Age was included as a
categorical variable (60-69 years, 70-79 years, 280
years) and the number of comorbidities as an ordinal
variable. We conducted several secondary analyses:
adjusted for outbreaks in long term care facilities to
determine if outbreak status was a confounder (that
is, a facility level outbreak might affect the vaccination
and outcome status of some residents); stratified by
outbreaks in long term care facilities to determine
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if being in an outbreak modified the effect of fourth
vaccine doses on marginal effectiveness; used a third
dose received less than 84 days previously as the
comparator group (ie, non-exposed to the intervention
of interest, a fourth dose); restricted to the peak period
of omicron related infections in long term care facilities;
did not adjust for residents who had a previous SARS-
CoV-2 positive test result more than 90 days ago; and
removed long term care facilities with >10% residents
classified as unvaccinated to assess the impact of
potential misclassification of vaccination status (eg,
due to incomplete reporting to the provincial vaccine
registry) in these facilities.

In the primary analysis for vaccine effectiveness, we
estimated the effectiveness of two, three, or four vaccine
doses compared with no vaccine doses (unvaccinated
group) using the same covariates as for the marginal
effectiveness analysis. We also determined the impact
of potential misclassification of vaccination status
on vaccine effectiveness by removing long term care
facilities where >10% of residents were unvaccinated.
Additionally, we estimated vaccine effectiveness
for the most frequently occurring combinations of
vaccine products among those who received a third
dose (variability by product was insufficient to explore
this for the fourth dose): three doses of mRNA-1273,
three doses of BNT162b2, and two doses of BNT162b2
followed by one dose of mRNA-1273. Finally, we
determined whether the product combination of the
first three doses affected the marginal effectiveness of
fourth doses of mRNA-1273.

All analyses were conducted using SAS Version 9.4
(SAS Institute, Cary, NC). All tests were two sided and
we used a significance level of P<0.05.

Patient and public involvement

Although study participants contributed in important
ways to this research, it was not feasible to involve
them effectively in the design, conduct, reporting, or
dissemination plans of our research owing to time
constraints. Similarly, we did not involve members of
the public in this research.

Results

Between 30 December 2021 and 27 April 2022, 87.8%
of residents (64339 of 73291) in long term care
facilities in Ontario were tested for SARS-CoV-2. Across
all 10 public health unit regions a high proportion of
long term care residents were tested (median range 89-
97%), and the median facility level SARS-CoV-2 test
percentage positivity ranged from 1.8% to 5.9% by
region over the study period (see supplementary table
S3 and figure S2). After exclusions, 61344 residents
were included in this study (supplementary figure S1).
Among those tested, we included 13 654 residents who
tested positive for the omicron variant and 205862
test negative controls. More than three quarters
(80.1%) of tested residents had multiple SARS-
CoV-2 tests during the study period (mean number
3.6 (standard deviation 2.4) tests per resident; see
supplementary figure S3) and 9.4% of residents were
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Table 1 | Descriptive characteristics of long term care residents tested for SARS-CoV-2 between 30 December 2021 and 27 April 2022 in Ontario,
Canada, comparing omicron cases with SARS-CoV-2 negative controls. Values are numbers (percentages) unless stated otherwise

SARS-CoV-2 negative (n=205862) Omicron positive (n=13 654) Standardised difference*
Unvaccinated 5473 (2.7) 572 (4.2) 0.08
Vaccination dose received:
1 dose 928 (0.5) 96 (0.7) 0.03
2 doses 10924 (5.3) 1215 (8.9) 0.14
3 doses:
>84 days before test 82567 (40.1) 6175 (45.2) 0.10
«84 days before test 27137 (13.2) 1769 (13.0) 0.01
4 doses:
<7 days before test 11035 (5.4) 646 (4.7) 0.03
>7 days before test 67798 (32.9) 3181 (23.3) 0.22
Mean (SD) age (years) 83.63 (9.47) 83.95(9.31) 0.03
Age group (years)
60-69 19996 (9.7) 1204 (8.8) 0.03
70-79 43104 (20.9) 2803 (20.5) 0.01
>80 142762 (69.3) 9647 (70.7) 0.03
Men 65353 (31.7) 4749 (34.8) 0.06
Public health unit region:
Central East 15722 (7.6) 1017 (7.4) 0.01
Central West 34407 (16.7) 3218 (23.6) 0.17
Durham 7670 (3.7) 505 (3.7) 0.00
Eastern 19781 (9.6) 1138 (8.3) 0.04
North 19647 (9.5) 1487 (10.9) 0.04
Ottawa 10828 (5.3) 839 (6.1) 0.04
Peel 11473 (5.6) 494 (3.6) 0.09
South West 28442 (13.8) 2109 (15.4) 0.05
Toronto 43581 (21.2) 2235 (16.4) 0.12
York 13396 (6.5) 578 (4.2) 0.10
Missing 915 (0.4) 34 (0.2) 0.03
Covid-19 outbreak in long term care facility at time 105100 (51.1) 8940 (65.5) 0.30
of test
Past SARS-CoV-2 positive test result (>90 days) 32205 (15.6) 1021 (7.5) 0.26
Week of testt:
30 Decto 5 Jan 29986 (14.6) 1949 (14.3) 0.01
6Janto 12 Jan 30124 (14.6) 2475 (18.1) 0.09
13 Janto 19 Jan 23069 (11.2) 1938 (14.2) 0.09
20 Janto 26 Jan 19729 (9.6) 1526 (11.2) 0.05
27 Janto 2 Feb 15607 (7.6) 989 (7.2) 0.01
3 Febto 9 Feb 10391 (5.0) 532 (3.9) 0.06
10 Feb to 16 Feb 6934 (3.4) 269 (2.0) 0.09
17 Febto 23 Feb 5808 (2.8) 187 (1.4) 0.10
24 Feb to 2 Mar 6034 (2.9) 173 (1.3) 0.12
3 Mar to 9 Mar 5199 (2.5) 173 (1.3) 0.09
10 Mar to 16 Mar 5467 (2.7) 193 (1.4) 0.09
17 Mar to 23 Mar 5595 (2.7) 203 (1.5) 0.09
24 Mar to 30 Mar 6469 (3.1) 279 (2.0) 0.07
31 Mar to 6 Apr 7825 (3.8) 454 (3.3) 0.03
7 Aprto 13 Apr 9406 (4.6) 584 (4.3) 0.01
14 Aprto 20 Apr 9005 (4.4) 797 (5.8) 0.07
21 Aprto 27 Apr 9214 (4.5) 933 (6.8) 0.10
Mean (SD) No of comorbidities 4.09 (1.56) 4.08 (1.55) 0.01
Type of comorbidity:
Immunocompromised 19226 (9.3) 1342 (9.8) 0.02
Chronic respiratory disease 74633 (36.3) 5004 (36.6) 0.01
Chronic heart disease 77 159 (37.5) 4998 (36.6) 0.02
Hypertension 168244 (81.7) 11144 (81.6) 0.00
Diabetes 82128 (39.9) 5252 (38.5) 0.03
Autoimmune disorders 16811 (8.2) 1058 (7.7) 0.02
Chronic kidney disease or dialysist 36080 (17.5) 2244 (16.4) 0.03
Advanced liver disease 5351 (2.6) 336 (2.5) 0.01
Dementia 160756 (78.1) 10825 (79.3) 0.03
History of stroke or transient ischaemic 36467 (17.7) 2336 (17.1) 0.02
attack
Frailty 165659 (80.5) 11157 (81.7) 0.03

SD=standard deviation.

*Values »0.10 are considered clinically relevant. Comparing omicron cases with SARS-CoV-2 test negative controls.
130 December, 31 December in 2021, and remaining dates in 2022.

$Chronic kidney disease in past five years or dialysis for three consecutive months.
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Table 2 | Descriptive characteristics of long term care residents tested for SARS-CoV-2 between 30 December 2021 and 27 April 2022 in Ontario,
Canada, comparing those who received a third dose 84 or more days previously with those who received a third dose less than 84 days previously or a
fourth dose. Values are numbers (percentages) unless stated otherwise

Third dose 284  Third dose <84 Fourth dose <7 Fourth dose 27
days before test days before test Standardised days before test Standardised days before test Standardised
Characteristics (n=88742) (n=28906) difference* (n=11681) difference* (n=70979) difference*
Mean (SD) age (years) 84.06 (9.47) 82.97 (8.93) 0.12 84.29 (9.42) 0.02 83.57 (9.61) 0.05
Age group (years):
60-69 8184 (9.2) 2721 (9.4) 0.01 1030 (8.8) 0.01 7215 (10.2) 0.03
70-79 17773 (20.0) 6460 (22.3) 0.06 2237 (19.2) 0.02 14793 (20.8) 0.02
>80 62785 (70.8) 19725 (68.2) 0.05 8414 (72.0) 0.03 48971 (69.0) 0.04
Men 27500 (31.0) 10646 (36.8) 0.12 3528 (30.2) 0.02 22004 (31.0) 0
Public health unit region
Central East 7336 (8.3) 2002 (6.9) 0.05 886 (7.6) 0.03 5236 (7.4) 0.03
Central West 16753 (18.9) 4666 (16.1) 0.07 1794 (15.4) 0.09 11174 (15.7) 0.08
Durham 3152 (3.6) 957 (3.3) 0.01 479 (4.1) 0.03 2991 (4.2) 0.03
Eastern 7364 (8.3) 2249 (7.8) 0.02 1232 (10.5) 0.08 8772 (12.4) 0.13
North 7919 (8.9) 2885 (10.0) 0.04 1090 (9.3) 0.01 7866 (11.1) 0.07
Ottawa 4102 (4.6) 1513 (5.2) 0.03 742 (6.4) 0.08 4590 (6.5) 0.08
Peel 4742 (5.3) 1795 (6.2) 0.04 615 (5.3) 0 3033 (4.3) 0.05
South West 12145 (13.7) 3560 (12.3) 0.04 1553 (13.3) 0.01 11031 (15.5) 0.05
Toronto 18661 (21.0) 6726 (23.3) 0.05 2595 (22.2) 0.03 12397 (17.5) 0.09
York 6222 (7.0) 2196 (7.6) 0.02 685 (5.9) 0.05 3720 (5.2) 0.07
Missing 346 (0.4) 357 (1.2) 0.09 10 (0.1) 0.06 169 (0.2) 0.03
Long term care facility in outbreak 51090 (57.6) 16079 (55.6) 0.04 7037 (60.2) 0.05 28600 (40.3) 0.35
at time of test
Past positive SARS-CoV-2 test 14461 (16.3) 3051 (10.6) 0.17 1889 (16.2) 0 10343 (14.6) 0.05
result (*90 days)
Week of testt
30 Decto 5 Jan 22328 (25.2) 5062 (17.5) 0.19 224 (1.9) 0.72 0 (0.0) 0.82
6Janto 12 Jan 22001 (24.8) 5232 (18.1) 0.16 1300 (11.1) 0.36 272 (0.4) 0.79
13 Janto 19 Jan 14050 (15.8) 4222 (14.6) 0.03 3044 (26.1) 0.25 1100 (1.5) 0.52
20 Janto 26 Jan 9491 (10.7) 3495 (12.1) 0.04 2735 (23.4) 0.34 3655 (5.1) 0.21
27 Janto 2 Feb 5169 (5.8) 2764 (9.6) 0.14 2101 (18.0) 0.38 5282 (7.4) 0.07
3 Febto 9 Feb 2570(2.9) 1903 (6.6) 0.17 904 (7.7) 0.22 4723 (6.7) 0.18
10 Feb to 16 Feb 1237 (1.4) 1188 (4.1) 0.17 360 (3.1) 0.11 3980 (5.6) 0.23
17 Febto 23 Feb 912 (1.0) 962 (3.3) 0.16 136 (1.2) 0.01 3658 (5.2) 0.24
24 Feb to 2 Mar 981 (1.1) 964 (3.3) 0.15 110 (0.9) 0.02 3801 (5.4) 0.24
3 Marto 9 Mar 766 (0.9) 779 (2.7) 0.14 86 (0.7) 0.01 3452 (4.9) 0.24
10 Mar to 16 Mar 849 (1.0) 575 (2.0) 0.09 117 (1.0) 0 3791 (5.3) 0.25
17 Mar to 23 Mar 892 (1.0) 411 (1.4) 0.04 98 (0.8) 0.02 4073 (5.7) 0.26
24 Mar to 30 Mar 1109 (1.2) 369 (1.3) 0 106 (0.9) 0.03 4805 (6.8) 0.28
31 Mar to 6 Apr 1454 (1.6) 336 (1.2) 0.04 99 (0.8) 0.07 5929 (8.4) 0.31
7 Aprto 13 Apr 1567 (1.8) 308 (1.1) 0.06 99 (0.8) 0.08 7525 (10.6) 0.37
14 Apr to 20 Apr 1680 (1.9) 179 (0.6) 0.11 75 (0.6) 0.11 7342 (10.3) 0.36
21 Aprto 27 Apr 1686 (1.9) 157 (0.5) 0.12 87 (0.7) 0.1 7591 (10.7) 0.37
Mean (SD) No of comorbidities 4.06 +1.55 4.29 £1.56 0.15 4.05£1.53 0 4.04 £1.56 0.01
Type of comorbidity:
Immunocompromised 7775 (8.8) 3543 (12.3) 0.11 1031 (8.8) 0 6212 (8.8) 0
Chronic respiratory 31568 (35.6) 10824 (37.4)  0.04 4207 (36.0) 0.01 26096 (36.8)  0.02
disease
Chronic heart disease 32212 (36.3) 12253 (42.4) 0.12 4147 (35.5) 0.02 25737 (36.3) 0
Hypertension 72475 (81.7) 24249 (83.9) 0.06 9563 (81.9) 0.01 57 437 (80.9) 0.02
Diabetes 34821 (39.2) 12202 (42.2) 0.06 4533 (38.8) 0.01 27890 (39.3) 0
Autoimmune disorders 7249 (8.2) 2216 (7.7) 0.02 953 (8.2) 0 5939 (8.4) 0.01
Chronic kidney disease® 14412 (16.2) 6687 (23.1) 0.17 1794 (15.4) 0.02 11595 (16.3) 0
Advanced liver disease 2129 (2.4) 861 (3.0) 0.04 264 (2.3) 0.01 1868 (2.6) 0.01
Dementia 71725 (80.8) 20109 (69.6) 0.26 9546 (81.7) 0.02 56073 (79.0) 0.05
History of stroke or 15623 (17.6) 4950 (17.1) 0.01 2016 (17.3) 0.01 12680 (17.9) 0.01
transient ischaemic attack
Frailty 70002 (78.9) 26149 (90.5) 0.33 9310 (79.7) 0.02 54938 (77.4) 0.04

SD=standard deviation.

*Values »0.10 are considered clinically relevant. Comparing residents who received their third dose <84 days before their index test, fourth dose <7 days previously, and fourth dose =7 days
previously with residents who received their third dose =84 days before their index test.

130 December, 31 December in 2021, and remaining dates in 2022.

$Chronic kidney disease in past five years or dialysis for three consecutive months.

immunocompromised owing to illness or treatment. a greater proportion of controls (38.2%) than test
At the time of testing, most of the residents who tested  positive residents (28.0%) had received a fourth dose
positive (58.1%) and the test negative controls (53.3%) (table 1). More cases lived in a facility with an active
had only received three covid-19 vaccine doses, and outbreak than controls (65.5% v 51.1%) and fewer had
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Fig 1 | Marginal effectiveness of a fourth dose of mRNA covid-19 vaccine against
omicron variant related outcomes among long term care residents in Ontario, Canada,
compared with residents who received a third dose 84 or more days previously

a previous positive SARS-CoV-2 test result more than
90 days ago compared with controls (7.5% v 15.6%).
We observed few differences between residents who
received a third dose 84 or more days previously and
residents who were unvaccinated or received any other
number of doses (table 2, see supplementary table S4).
The mean number of comorbidities reported among
vaccinated residents was similar to that reported
among unvaccinated residents (see supplementary
table S5).

Compared with residents who received a third
vaccine dose 84 or more days before being tested, the
marginal effectiveness of a fourth dose seven days
or more after vaccination was 19% (95% confidence
interval 12% to 26%) against infection, 31% (20% to
41%) against symptomatic infection, and 40% (24%
to 52%) against severe outcomes; estimates were
lower if the fourth dose was received less than seven
days previously (fig 1, see supplementary table S6).

Estimates remained unchanged after adjustment and
stratification for covid-19 outbreaks (19-22% against
infection, 26-28% against symptomatic infection, and
34-40% against severe disease; see supplementary
table S7). However, the model for symptomatic
infection, when a long term care facility did not have
an active covid-19 outbreak, did not converge. The
marginal effectiveness of a fourth vaccine dose seven
days or more after vaccination versus a third dose
received less than 84 days previously was 16% (95%
confidence interval 9% to 23%) against infection,
20% (3% to 33%) against symptomatic infection,
and 29% (8% to 46%) against severe outcomes (see
supplementary figure S4 and table S6). The marginal
effectiveness estimates after removing long term
care facilities with =10% unvaccinated residents
(see supplementary table S8), when restricted to the
peak period of omicron infections in long term care
facilities (30 December 2021 to 26 January 2022;
see supplementary table S9; supplementary figure S5
shows an epidemic curve of all positive test results over
the study period), and when not adjusting for residents
who had a positive SARS-CoV-2 test result more than
90 days previously (see supplementary table S10) were
similar to the findings of the primary analysis.

Vaccine effectiveness in vaccinated residents
compared with unvaccinated residents increased with
each additional dose of vaccine but was lower for those
who received a third dose 84 or more days before testing
compared with those who received a third dose more
recently (fig 2, see supplementary table S11). Vaccine
effectiveness for a fourth dose seven days or more
after vaccination was higher against infection (49%,
43% to 54%), symptomatic infection (69%, 61% to
76%), and severe outcomes (86%, 81% to 90%) than
the corresponding estimates for a third dose received
84 or more days previously (37%, 31% to 43%; 55%,
45% to 64%; and 77%, 69% to 82%, respectively).
Estimates for vaccine effectiveness were similar in
analyses removing long term care facilities with >10%
of unvaccinated residents (see supplementary table
S12).

Vaccine effectiveness against infection was similar
among residents who received three doses of mRNA-
1273 (infection: 44%, 95% confidence interval 38% to
49%; symptomatic infection: 61%, 50% to 69%; severe
outcomes: 81%, 74% to 86%) and those who received
two doses of BNT162b2 with a third dose of mRNA-
1273 (infection: 36%, 28% to 44%; symptomatic
infection: 57%, 40% to 69%; severe outcomes: 81%,
67% to 89%), although time from vaccination to
testing was shorter for the latter schedule (table 3).
Vaccine effectiveness was lower among residents who
received three doses of BNT162b2 (infection: 32%,
24% to 38%; symptomatic infection: 53%, 39% to
63%; severe outcomes: 77%, 67 to 83%). Almost all
long term care residents (95%) who received a fourth
dose received mRNA-1273, and vaccine effectiveness
against infection and severe outcomes with a
fourth dose of mRNA-1273 was similar across all
combinations of vaccine products (see supplementary
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Fig 2 | Vaccine effectiveness of two, three, and four doses of mRNA covid-19 vaccine
against omicron variant related outcomes among long term care residents in Ontario,
Canada, compared with unvaccinated residents

table S13). However, vaccine effectiveness against
symptomatic infection was higher among those who
received either four doses of mRNA-1273 or three
doses of BNT162b2 followed by one dose of mRNA-
1273 compared with those who received two doses
of BNT162b2 followed by two doses of mRNA-1273.
Few residents received the last of these vaccination
schedules, and confidence intervals were wide and
overlapped with other schedules, making it difficult for
conclusions to be drawn.

Discussion

Inthis study of older residents of long term care facilities
in Ontario, Canada, we found that compared with a
third dose of mRNA vaccine received 84 or more days
previously, a fourth dose offered increased effectiveness
against any SARS-CoV-2 infection (19%), symptomatic
infection (31%), and severe outcomes (40%) related

thebmj | BMJ2022;378:e071502 | doi: 10.1136/bmj-2022-071502

to the omicron variant. Marginal effectiveness against
all outcomes was lower when comparing fourth doses
with third doses received less than 84 days previously,
which broadly supports a three month minimum
interval between third and fourth doses, although the
optimal dosing interval remains unknown. Whether
the long term care facility experienced an outbreak
of covid-19 at the time of testing neither confounded
nor modified marginal effectiveness estimates. Vaccine
effectiveness estimates (compared with unvaccinated
residents) against infection (49%), symptomatic
infection (69%), and severe outcomes (86%) related
to the omicron variant were consistently higher for a
fourth dose than for a third dose received 84 or more
days previously.

Few studies to date have explored the effect of the
fourth dose of covid-19 vaccines. In Israel, among
adults aged 60 years or older, the marginal effectiveness
7-30 days after a fourth dose versus a third dose of
BNT162b2 received four or more months earlier was
45% against any infection, 55% against symptomatic
infection, 68% against hospital admission, and 74%
against death.”” In our study we also found that a
fourth dose was associated with additional protection
compared with a third dose; however, our marginal
effectiveness estimates were lower than those observed
in Israel. Nevertheless, findings cannot be directly
compared owing to differences in study design,
outcome definitions, population characteristics,
settings, vaccine products, time since vaccination,
and dosing intervals. Notably, the study from Israel
excluded residents of long term care facilities.

We observed higher vaccine effectiveness with each
dose for all outcomes. When interpreting marginal
effectiveness estimates, differences in vaccine
effectiveness between doses should be taken into
consideration.?® Although the marginal effectiveness
estimate against infection might seem low at 19%,
vaccine effectiveness was 12 percentage points higher
(49% v 37%) seven or more days after a fourth dose
compared with a third dose received 84 or more days
previously. Against symptomatic infection, a marginal
effectiveness of 31% corresponded to a 14 percentage
point difference in vaccine effectiveness (69%v 55%). A
boost in vaccine effectiveness against infection among
long term care residents is still important because the
consequences of infection, including extended social
isolation, disruptions to care, risk of severe disease,
and mortality, are higher than among the general
population.’ ??° The difference in vaccine effectiveness
against severe outcomes was lower, at 9 percentage
points (86% v 77%), but nonetheless translated to a
40% marginal effectiveness.?® Given the high baseline
incidence of severe outcomes in this population,®® if
SARS-CoV-2 transmission is high, a 9 percentage point
increase in vaccine effectiveness might still reduce
covid-19 related morbidity and mortality substantially.
For example, if the incidence of severe outcomes
among unvaccinated long term care residents is 10
per 1000 resident weeks, vaccine effectiveness from a
fourth dose is 86%, and vaccine effectiveness from a
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Table 3 | Vaccine effectiveness of three doses of mRNA covid-19 vaccines against omicron variant related outcomes by vaccine product among long
term care residents in Ontario, Canada, compared with unvaccinated residents

Outcome by product used for first three Mean (SD) time from third dose No of SARS-CoV-2 negative

No of residents positive for Vaccine effectiveness, %

doses to SARS-CoV-2 test* (days) controls omicron (95% CI)
Infection

3 doses of MRNA-1273 107 (37.3) 54515 3089 44 (38 t0 49)
3 doses of BNT162b2 104 (40.5) 44 647 4059 32 (24 to 38)
2 doses of BNT162b2, mRNA-1273 57 (41.6) 6,102 442 36 (28 to 44)
booster

Symptomatic infection

3 doses of mRNA-1273 112 (39.7) 1,357 474 61 (50t0 69)
3 doses of BNT162b2 109 (38.1) 1,420 719 53 (39t0 63)
2 doses of BNT162b2, mRNA-1273 65 (45.8) 208 78 57 (4010 69)
booster

Severe outcomes

3 doses of mRNA-1273 111 (39.2) 1357 161 81 (74 to 86)
3 doses of BNT162b2 108 (39.0) 1420 218 77 (67 to 83)
2 doses of BNT162b2, mRNA-1273 68 (44.3) 208 21 81 (67 to 89)

booster

SD=standard deviation; Cl=confidence interval.
*Time period from vaccination to testing was considerably shorter for two doses of BNT162b2 with an mRNA-1273 booster compared with the other two schedules for all outcomes. It is
unknown how much of the vaccine effectiveness is attributed to the booster product versus shorter time period.

third dose is 77%, then vaccinating all residents who
had received a third dose 84 or more days previously
with a fourth dose would avert 0.9 severe outcomes per
1000 resident weeks (ie, 2.3 per 1000 resident weeks
minus 1.4 per 1000 resident weeks). If the baseline
incidence is 100 per 1000 resident weeks, fourth doses
administered to all residents would avert nine severe
outcomes per 1000 resident weeks.

Past studies of vaccine effectiveness of two doses
of mRNA vaccines in long term care populations
conducted earlier in the pandemic have reported higher
vaccine effectiveness estimates (71-82%) against
infection compared with the estimates we observed
for fourth doses.>® 3* However, vaccine effectiveness
studies conducted later against predominating
variants of concern have reported similar estimates to
our fourth dose estimates against the omicron variant;
two dose vaccine effectiveness against beta infection
in long term care facilities in France was 49% and
against delta infection in US facilities was 53%.? 3
Vaccine effectiveness against omicron, particularly
against infection, has also been found to be lower than
for any previous variant of concern.*® *** Qur vaccine
effectiveness estimate against hospital admission or
death was similar to two dose vaccine effectiveness
against similar outcomes due to the beta variant
in France (86%).!* Vaccine effectiveness estimates
might also be slightly lower in our study because we
reported estimates for a longer time after vaccination
(ie, up to three months), and protection may have
already started waning among residents who received
a vaccine dose shortly after implementation of the
programme. Nonetheless, our observed increases in
vaccine effectiveness with a fourth dose were still
considerable for a vulnerable population at high risk of
severe outcomes and living in a setting with increased
risks of transmission.

Similar to recent studies outside Ontario among adult
populations,* >* 3 we also observed waning of a third
dose based on lower vaccine effectiveness estimates

for residents who received a third dose 84 or more
days previously versus less than 84 days previously,
but not enough time has elapsed to explore waning or
duration of protection of fourth doses among residents
of long term care facilities in Ontario. Recent studies
in Israel among adults aged 60 years or older suggest
that effectiveness of the fourth dose of BNT162b2
against infection may wane faster than the third dose,
but similar to third doses, the degree of waning against
severe disease is lower.!® ¥ Canadian studies have
found that immune protection among long term care
residents wanes much faster than among younger,
healthier adults after two doses; similar patterns might
be expected for booster doses.>” >

Studies from the United Kingdom among adults
suggest similar levels of protection from a third dose
of either mRNA vaccine against symptomatic omicron
infection irrespective of the mRNA product used for
the primary series.'®3® Among adults aged 65 years or
older in the UK, vaccine effectiveness against hospital
admission was also similar for a third dose of either
mRNA vaccine after two doses of BNT162b2.>° We
found that among Ontario long term care residents,
a third dose of mRNA-1273 after a homologous two
dose primary series of either mRNA vaccine was
more effective against all outcomes than three doses
of BNT162b2. For those receiving a primary course
of BNT162b2 with an mRNA-1273 booster, the
time between vaccination and testing was shorter
compared with the other schedules, making it difficult
to determine the relative impact of the booster product
versus the shorter period. Additionally, a 100 pg dose
of mRNA-1273 is now recommended as the booster for
long term care residents in Ontario,” “° whereas other
jurisdictions (eg, UK*! and US*?) use a 50 pg dose for
boosters, which could have influenced our findings.

Strengths and limitations of this study
This study has some limitations. Firstly, our cohort

assessing symptomatic infection was limited to residents
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with symptoms recorded in the Ontario Laboratories
Information System and therefore might be incomplete.
Secondly, Ontario laboratories discontinued routine
screening using S gene target failure testing of all
positive samples in late December 2021, therefore
some cases with the delta variant might be misclassified
as having the omicron variant, potentially biasing
estimates away from the null. It is, however, unlikely
that this would affect our estimates considerably
because the prevalence of the delta variant was low in
Ontario during our study period. Thirdly, we classified
outbreaks at the facility level because we did not have
data on whether the outbreak was on a resident’s floor
or if it was more contained; therefore, we could have
overestimated the impact of outbreaks at the individual
level. Fourthly, residual confounding is possible because
we were limited to the covariates available in the study
databases. Fifthly, information was not available on why
residents might have delayed or refused vaccination,
which could have introduced some bias. Finally, we did
not have access to staff vaccination records in the long
term care facilities. Staff vaccination strongly influences
SARS-CoV-2 transmission in long term care facilities.*?
At the time of this study, all staff working in long term
care facilities in Ontario were required to be vaccinated
with two doses of a covid-19 vaccine,* but two dose
vaccine effectiveness against omicron infection is
low.'¢333% Although a mandate for required third doses
was also implemented, staff had until 14 March 2022
(well into our study period) to comply (although this
might not have been enforced because the province
shifted from a provincial long term care vaccination
mandate to supporting employer led policies on the
same day).** This study also has many strengths, such as
its test negative design, which helps mitigate selection
bias from differences in healthcare seeking behaviours
between vaccinated and unvaccinated individuals, and
our large sample size. Our study included more than
60000 residents across all 626 long term care facilities
in Ontario, increasing the generalisability of these
findings.

Conclusions

Our findings indicate that a fourth dose of a covid-19
mRNA vaccine (95% of our study participants received
mRNA-1273) successfully increased protection against
any SARS-CoV-2 infection, symptomatic infection,
and severe outcomes among long term care residents
in an omicron dominant period. Nevertheless, many
unknowns about fourth doses still remain in this
population, including the duration of protection,
particularly for the mRNA-1273 vaccine. Layering
other public health measures with vaccination in long
term care facilities, including mask wearing, increased
ventilation, and physical distancing might help
optimise protection against SARS-CoV-2 for this highly
vulnerable population.
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