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Summary
Background Older adults (aged ≥60 years) were prioritised for COVID-19 booster vaccination due to severe outcome 
risk, but the risk for this group is also affected by previous SARS-CoV-2 infection and vaccination. We estimated 
vaccine effectiveness against omicron-associated hospitalisation in older adults by previously documented infection, 
time since last immunological event, and age group.

Methods This was a population-based test-negative case-control study done in Quebec, Canada, during BA.1 dominant 
(December, 2021, to March, 2022), BA.2 dominant (April to June, 2022), and BA.4/5 dominant (July to November, 2022) 
periods using provincial laboratory, immunisation, hospitalisation, and chronic disease surveillance databases. We 
included older adults (aged ≥60 years) with symptoms associated with COVID-19 who were tested for SARS-CoV-2 in 
acute-care hospitals. Cases were defined as patients who were hospitalised for COVID-19 within 14 days after testing 
positive; controls were patients who tested negative. Analyses spanned 3–14 months after last vaccine dose or previous 
infection. Logistic regression models compared COVID-19 hospitalisation risk by mRNA vaccine dose and previous 
infection versus unvaccinated and infection-naive participants.

Findings Between Dec 26, 2021, and Nov 5, 2022, we included 174 819 specimens (82 870 [47·4%] from men and 
91 949 [52·6%] from women; from 8455 cases and 166 364 controls), taken from 2951 cases and 48 724 controls in the 
BA.1 period; 1897 cases and 41 702 controls in the BA.2 period; and 3607 cases and 75 938 controls in the BA.4/5 
period. In participants who were infection naive, vaccine effectiveness against hospitalisation improved with dose 
number, consistent with a shorter median time since last dose, but decreased with more recent omicron subvariants. 
Four-dose vaccine effectiveness was 96% (95% CI 93–98) during the BA.1 period, 84% (81–87) during the BA.2 period, 
and 68% (63–72) during the BA.4/5 period. Regardless of dose number (two to five doses) or timing since previous 
infection, hybrid protection was more than 90%, persisted for at least 6–8 months, and did not decline with age.

Interpretation Older adults with both previous SARS-CoV-2 infection and two or more vaccine doses appear to be well 
protected for a prolonged period against hospitalisation due to omicron subvariants, including BA.4/5. Ensuring that 
older adults who are infection naive remain up to date with vaccination might reduce COVID-19 hospitalisations 
most efficiently.

Funding Ministère de la Santé et des Services Sociaux du Québec.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Since December, 2021, omicron (B.1.1.529) has been the 
dominant SARS-CoV-2 variant globally. Omicron 
subvariants have rapidly evolved from the initial BA.1 
strain to more transmissible and immune evasive 
subvariants BA.2, BA.4, BA.5 (BA.4/5), and BQ.1, with 
XBB the predominant strain by April, 2023.1 The more 
recent subvariants, including BA.4/5, have shown 
substantial capacity to escape from vaccine-only-induced 
or infection-only-induced neutralising antibodies, but 
this appears less pronounced in individuals with vaccine-
induced and infection-induced hybrid immunity.2,3

Vaccine effectiveness against SARS-CoV-2 is reduced 
and shorter lasting for omicron compared with the delta 
(B.1.617.2) variant,4–6 and for the BA.4/5 subvariant 
compared with BA.1 or BA.2.7–9 Vaccine effectiveness 
against BA.4/5-associated hospitalisation in adults was 
60–80% within 4–6 months of vaccination, declining 
thereafter in studies in non-infected individuals or with 
adjustment for previous infection history,7–11 similar to the 
reported vaccine effectiveness in the small number of 
trials assessing people aged 60 years or older.9,10 As 
reported during BA.1 and BA.2 periods,12,13 stronger and 
longer lasting vaccine effectiveness was expected in 
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individuals (including adults aged ≥60 years) with hybrid 
immunity, but evidence for protection against BA.4/5-
associated severe outcomes by type of previous infection 
and duration since the last immunological event remains 
scarce.

Due to their higher risk of severe outcomes, older 
adults (≥60 years) have been prioritised for COVID-19 
vaccination. Seroprevalence data show an age-related 
decrease in cumulative SARS-CoV-2 infection across the 
pandemic, with about half of older adults having been 
infected by November, 2022.14 Previous SARS-CoV-2 
infection and repeat booster vaccination probably 
decreased the overall risk of severe COVID-19 in older 
populations. However, most vaccine effectiveness 
analyses and booster dose policies have not taken into 

account this relevant and evolving immuno-
epidemiological context.15,16

In this study, we aimed to estimate the protection 
against omicron-associated hospitalisation in older 
adults conferred by vaccination (one to five doses), by 
previous infection (pre-omicron or omicron), and by 
hybrid immunity during the BA.1, BA.2, and BA.4/5 
periods.

Methods
Study design and population
In this population-based test-negative case-control study 
we recruited adults aged 60 years or older living in the 
province of Quebec, Canada, who had symptoms 
associated with COVID-19 and had a SARS-CoV-2 nucleic 

Research in context

Evidence before this study
We searched MEDLINE, medRxiv, and SSRN from Jan 1, 2020, to 
Dec 6, 2022 using the terms “omicron BA.5” or “omicron BA.4”, 
with no language restrictions. References of identified papers 
were also reviewed. We identified 14 relevant epidemiological 
studies, which reported estimates on vaccine effectiveness 
(ten studies), or protection from previous infection-induced 
immunity (two studies) or hybrid immunity (infection and 
vaccine; four studies) against infection or severe disease caused 
by omicron, including the BA.4/5 subvariants, in adults or the 
general population. Vaccine effectiveness against hospitalisation 
was 60–80% within 4–6 months of vaccination, declining 
afterwards. Vaccine effectiveness did not increase with number 
of booster doses when considering the interval since 
vaccination, but most studies presented estimates adjusted for 
(rather than stratifying for) previous infection history or had no 
information on previous infections. Previous infection was 
associated with moderate protection against symptomatic 
BA.4/5 reinfection, but higher protection when the primary 
infection was caused by the omicron variant. When the 
protection from previous infection was evaluated in vaccinated 
populations, the incremental effectiveness ranged between 
65% and 93% against BA.4/5 reinfection and 96% against 
BA.4/5-associated severe outcomes. The only study assessing 
vaccine protection stratified by previous infection status during 
the omicron period found that booster doses did not improve 
protection against infections in adults with hybrid immunity 
who had already received two vaccine doses, but the study did 
not have a sufficient number of hospitalisations to evaluate 
severe outcomes and did not stratify by omicron subvariant 
(BA.1, BA.2, BA.4/5, and BA.2.75). In summary, there remains a 
paucity of data about protection against omicron BA.4/5 
stratified by type of immunity (infection-induced, vaccine-
induced, or both), especially against severe outcomes.

Added value of this study
With both methodological and clinical implications, our study 
separately assesses and directly compares protection against 

omicron hospitalisation due to omicron BA.1, BA.2, and BA.4/5 
subvariants in older adults conferred by previous infection 
(pre-omicron or omicron), monovalent mRNA vaccination (by 
number of doses), or both (hybrid immunity), stratified by 
interval since the last immunological event. Our findings 
suggest that mRNA vaccine effectiveness against 
hospitalisation due to omicron was lower for BA.4/5 than for 
BA.1 or BA.2 subvariants, and was modified mainly by previous 
infection history rather than number of vaccine doses. 
Although protection from vaccination alone waned with time, 
hybrid immunity in those with both previous infection and at 
least two vaccine doses was more robust, exceeding 90% for at 
least 6–8 months regardless of type of previous infection or 
number of booster doses received.

Implications of all the available evidence
Overall, we show that older adults with a history of both 
previous SARS-CoV-2 infection and at least two vaccine doses 
appear well protected against hospitalisation due to omicron, 
including BA.4/5, for a prolonged period. The risk of 
hospitalisation due to COVID-19 in older adults mainly varies 
based on previous infection history, and booster dose 
recommendations should take this important consideration 
into account. In individuals with previous SARS-CoV-2 
infection, the plateauing of hybrid protection after two vaccine 
doses calls into question the incremental value of additional 
booster doses in preventing COVID-19 hospitalisation, whereas 
in people who are infection naive, waning vaccine protection 
over time justifies additional booster doses. Immunisation 
programmes aiming to prevent hospitalisations should 
prioritise efforts to administer booster doses to people who are 
infection naive; in September to November, 2022, this group 
still constituted about half of the older adult population in 
high-income countries. Ensuring older adults who are infection 
naive remain up to date with vaccination might reduce 
COVID-19 hospitalisations most efficiently.
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acid amplification test (NAAT) in acute-care hospitals 
between Dec 26, 2021, and Nov 5, 2022.

In Quebec, the clinical indication for SARS-CoV-2 
NAAT was recorded for all specimens (appendix 2 p 2). 
NAAT access was restricted during the first pandemic 
wave (February to June, 2020), but became widely 
available from July, 2020. The omicron surge in 
December, 2021, occurred as rapid antigen detection 
tests (RADTs) became broadly available free of charge to 
the general population. Due to laboratory capacity, NAAT 
access has been restricted since Jan 5, 2022 to individuals 
aged 70 years or older with symptoms associated with 
COVID-19, patients who attend emergency rooms or are 
admitted to hospital, and individuals living in closed 
settings (eg, long-term care facilities or prisons).17 The 
mitigation measures in place at the beginning of the 
omicron wave (Dec 5, 2021) to contain transmission (eg, 
physical distancing, limited numbers of people gathering, 
and mask use requirements) were lifted in March, 2022.

For this study, eligible participants were those who were 
tested in acute-care hospitals with symptoms associated 
with COVID-19, not specified otherwise (clinical indication 
M1).17 Cases were defined as patients who were hospitalised 
with a positive SARS-CoV-2 NAAT result admitted within 
14 days after specimen collection with COVID-19 as 
primary diagnosis at discharge or respiratory illness as the 
reason for admission. Controls were defined as patients 
who had symptoms of COVID-19 with a negative 
SARS-CoV-2 NAAT result, with or without subsequent 
hospitalisation. All negative tests were included as controls.

We excluded specimens from individuals who lived 
in long-term care facilities (because their baseline 
characteristics and hospital referral indications largely 
differed from the general population), those with missing 
comorbidity data, those with documented reinfection 
before the study period, those who received more than five 
vaccine doses or a non-mRNA vaccine dose, those 
vaccinated outside provincial minimum dosing intervals 
(specified as 21 days between first and second doses and 
90 days between subsequent booster doses), those who 
were tested less than 14 days after their first vaccine or less 
than 7 days after any subsequent vaccine dose, those who 
had specimens collected less than 60 days after a positive 
result (according to reinfection definition), and those with 
negative specimens collected within 7 days before a 
positive result. In sensitivity analyses we also excluded 
individuals identified as being immuno suppressed.

The study was done with the legal mandate of the 
National Director of Public Health of Quebec under the 
Public Health Act and approved by the Research Ethics 
Board of the Centre Hospitalier Universitaire de Québec-
Université Laval, who waived the requirement to obtain 
informed consent.

Procedures
Four Quebec population databases (provincial laboratory 
database, provincial immunisation registry, admin istrative 

hospitalisation database [MED-ECHO], and provincial 
chronic disease surveillance database [SISMACQ]) were 
linked through a unique identifying number. The 
provincial laboratory database comprised all individual-
level NAAT results, including testing indication, since 
pandemic start. The provincial immun isation registry 
included all residents of Quebec and their COVID-19 
vaccine doses and dates administered since immunisation 
campaign start. MED-ECHO included information on 
inpatient discharges from Quebec hospitals that provide 
general or specialised care. SISMACQ links 
pharmaceutical, medical consultation, and hospitalisation 
administrative databases to monitor 21 chronic diseases.

Between Dec 26, 2021, and March 13, 2022, the Quebec 
laboratory-based surveillance system used single 
nucleotide polymorphism genotyping of viruses collected 
from designated sentinel sites for the omicron subvariant 
attribution. From March 14, 2022, whole-genome 
sequencing was done on a randomly selected sample of 
all NAAT-positive specimens. On the basis of this viral 
genetic surveillance, three periods were defined by 
predominant omicron subvariants: BA.1 (74–99% of 
characterised viruses weekly) spanning Dec 26, 2021, to 
March 12, 2022; BA.2 (74–99% of characterised viruses 
weekly) spanning April 3 to June 11, 2022; and BA.4/5 
spanning July 3 to Nov 5, 2022 (BA.4 comprised 
15–21% of characterised viruses weekly and BA.5 and 
descendant variants, including BQ.1.1, comprised 
61–81% of characterised viruses weekly (figure 1). BQ.1.1 
subvariant detection increased from 4% to 15% during 
the final 4 weeks of the study. Weeks of more than one 
subvariant cocirculation at high levels were excluded.

We used similar dominance periods to ascribe the 
variant before infection, assigning the initially circulating 
variant or subvariant to weeks with cocirculation as 
follows: pre-omicron before Dec 26, 2021; BA.1 from 
Dec 26, 2021, to April 2, 2022; BA.2 from April 3 to 
July 2, 2022; and BA.4/5 from July 3 to Nov 5, 2022.

We defined exposure by previous infection and 
vaccination history. Vaccination with one to five doses of 
BNT162b2 (Pfizer–BioNTech) or mRNA-1273 (Moderna) 
mRNA vaccines needed to be administered at least 
14 days (for first dose) or 7 days (for second to fifth dose) 
before specimen collection. We defined patients with 
previous infection as those with a first positive 
SARS-CoV-2 NAAT result (because RADT results were 
not available) at least 60 days before the current specimen 
collection. A 60-day interval was chosen to capture most 
reinfections, balancing improved sensitivity to detect 
early reinfections against imperfect specificity due to 
prolonged viral shedding, which is more frequent in 
older adults.18,19 We used the less sensitive but more 
specific 90-day interval in sensitivity analyses.

Outcomes
The main outcome was vaccine effectiveness against 
hospitalisation associated with BA.1, BA.2, and BA.4/5 

See Online for appendix 2
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infection. As secondary outcomes, we evaluated protection 
by time since last immunological event and by age.

Statistical analysis
For each period, logistic regression models estimated 
the odds ratio (OR) for hospitalisation due to omicron by 
vaccine dose and previous infection history relative to 
unvaccinated, infection-naive individuals. Models were 
adjusted for age (60–69 years, 70–79 years, 80–89 years, 
and ≥90 years old), sex, place of residence (home, private 
homes for older people, and other), presence of chronic 
respiratory disease, chronic heart disease, cancer, 
obesity, immuno suppressive condition, and neurological 
disease, multimorbidity, and epidemiological week of 
sampling. We defined multimorbidity as two or more of 
21 predefined conditions (hypertension, diabetes, 
obesity, cardio vascular, respiratory, kidney, and liver 
diseases, cancer, immunosuppression, neurological 
disorder, anaemia, hypothyroidism, fluid and electrolyte 
disorders, coagulopathy, weight loss, psychosis, 
drug misuse, alcohol misuse, ulcer, and paralysis).20 
Model assumptions, including multi collinearity, were 
examined and satisfied for each analysis. We derived 
protection or vaccine effectiveness as (1−OR) × 100. We 
estimated the relative protection comparing individuals 
who received three to five mRNA doses with those 
vaccinated with two doses at least 6 months earlier.

Protection was stratified by age (5-year categories for 
vaccine effectiveness and 10-year categories for hybrid 

protection) and by time since last immunological 
event (vaccination or primary infection). For the last 
immunological event analysis, we pooled previously 
infected individuals who received two to five doses, given 
the small number of hospitalised cases and previous 
results showing similar protection by time since last dose, 
regardless of dose number.9,12 In sensitivity analyses, we 
estimated effectiveness restricted to community-dwelling 
individuals and excluding immuno suppressed individuals. 
Statistical analyses were done using SAS (version 9.4).

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

Results
293 722 NAATs were done in people with symptoms 
associated with COVID-19 who had linked information 
from all source databases and were tested in acute-care 
hospitals between Dec 26, 2021, and Nov 5, 2022, with 
247 292 collected during specified omicron analysis 
periods. The proportion of excluded NAATs was similar 
during the BA.1 (19 906 [26·5%]), BA.2 (15 010 [24·4%]), 
and BA.4/5 (24 094 [21·8%]) periods. The most frequent 
reason for exclusion was residence in long-term care 
facilities (15 907 [6·4%]) followed by non-mRNA 
vaccination (15 116 [6·1%]), with 222 (<1·0%) overall 
being excluded due to missing data (appendix 2 p 7). After 

Figure 1: Number of weekly COVID-19 cases, emergency department consultations and hospitalisations, and omicron sublineage circulation in the province of Quebec, Canada

Epidemiological week

Proportion of hospital adm
issions am

ong all cases, %
 (line)

Proportion of om
icron sublineage circulation according

 to sentinel laboratories, %
 (area)

N
um

be
r o

f c
as

es

52 1 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

10 000

8000

6000

4000

2000

12 000

14 000

0

100

90

80

70

60

50

40

30

20

10

0
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

April,
 2022

May, 2
022

June, 2
022

July, 2
022

August,
 2022

September, 2
022

Octo
ber, 2

022

November, 2
022

March
, 2

022

February, 2
022

January, 2
022

December, 2
021

BA.1 (and descendant lineages) circulation, %
BA.2 (and descendant lineages including BA.2.12.1) circulation, %
BA.4 or BA.5 (and descendant lineages) circulation, %
COVID-19-related hospitalised cases

Cases detected in acute-care settings
All cases
Proportion of hospital admissions among all cases, %

0

BA.1 period BA.2 period BA.4/5 period



Articles

www.thelancet.com/healthy-longevity   Vol 4   August 2023 e413

exclusions, there were 2951 hospitalised cases and 
48 724 controls during the BA.1 period, 1897 hospitalised 
cases and 41 702 controls during the BA.2 period, and 
3607 hospitalised cases and 75 938 controls during the 
BA.4/5 period.

In all periods, cases were more likely than controls to 
be in men (4637 [54·8%] of 8455 cases vs 78 233 [47·0%] 
of 166 364 controls), among older people (4405 [52·1%] 

cases vs 66 684 [40·1%] controls ≥80 years old), and in 
people with multimorbidities (6919 [81·8%] cases vs 
123 824 [74·4%] controls), but cases and controls had  
similar social and material deprivation index distribution 
(table 1). Information on race and ethnicity was not 
available. 1327 (15·7%) cases and 7346 (4·4%) controls 
were unvaccinated. 4040 (56·7%) of 7128 vaccinated cases 
and 77 812 (48·9%) of 159 018 vaccinated controls received 

BA.1 period (n=51 675) BA.2 period (n=43 599) BA.4/5 period (n=79 545)

Cases (n=2951) Controls 
(n=48 724)

Cases (n=1897) Controls 
(n=41 702)

Cases (n=3607) Controls 
(n=75 938)

Sex

Female 1290 (43·7%) 25 417 (52·2%) 869 (45·8%) 21 989 (52·7%) 1659 (46·0%) 40 725 (53·6%)

Male 1661 (56·3%) 23 307 (47·8%) 1028 (54·2%) 19 713 (47·3%) 1948 (54·0%) 35 213 (46·4%)

Age, years 78 (71–86) 77 (69–84) 81 (75–88) 76 (68–84) 80 (73–87) 77 (69–84)

Age group, years

60–69 644 (21·8%) 13 232 (27·2%) 254 (13·4%) 11 812 (28·3%) 517 (14·3%) 20 363 (26·8%)

70–79 931 (31·5%) 15 612 (32·0%) 542 (28·6%) 13 919 (33·4%) 1162 (32·2%) 24 742 (32·6%)

80–89 968 (32·8%) 14 568 (29·9%) 755 (39·8%) 11 847 (28·4%) 1391 (38·6%) 22 183 (29·2%)

≥90 408 (13·8%) 5312 (10·9%) 346 (18·2%) 4124 (9·9%) 537 (14·9%) 8650 (11·4%)

Place of residence

Home 2194 (74·3%) 36 030 (73·9%) 1104 (58·2%) 32 330 (77·5%) 2774 (76·9%) 57 198 (75·3%)

Private homes for older people 684 (23·2%) 11 615 (23·8%) 755 (39·8%) 8527 (20·4%) 772 (21·4%) 17 068 (22·5%)

Other 73 (2·5%) 1079 (2·2%) 38 (2·0%) 845 (2·0%) 61 (1·7%) 1672 (2·2%)

Material deprivation index*

Upper quintile 7419 (18·0%) 301 (12·1%) 6426 (17·9%) 220 (15·2%) 11266 (17·5%) 452 (14·7%)

Three middle quintiles 23 852 (58·0%) 1423 (57·3%) 20 501 (57·2%) 868 (59·8%) 37 308 (57·8%) 1812 (58·8%)

Lower quintile 9879 (24·0%) 761 (30·6%) 8892 (24·8%) 364 (25·1%) 15 958 (24·7%) 817 (26·5%)

Social deprivation index*

Upper quintile 7047 (17·1%) 403 (16·2%) 6194 (17·3%) 178 (12·3%) 11148 (17·3%) 504 (16·4%)

Three middle quintiles 24 223 (58·9%) 1459 (58·7%) 21 149 (59·0%) 874 (60·2%) 38 199 (59·2%) 1872 (60·8%)

Lower quintile 9880 (24·0%) 623 (25·1%) 8476 (23·7%) 400 (27·5%) 15 188 (23·5%) 705 (22·9%)

Comorbidity†

At least two of the 
21 comorbidities considered‡

2405 (81·5%) 37 155 (76·3%) 1595 (84·1%) 30 909 (74·1%) 2919 (80·9%) 55 760 (73·4%)

Chronic heart disease 1578 (53·5%) 24 279 (49·8%) 1077 (56·8%) 19 513 (46·8%) 1896 (52·6%) 34 938 (46·0%)

Chronic lung disease 1178 (39·9%) 17304 (35·5%) 798 (42·1%) 14831 (35·6%) 1379 (38·2%) 26 560 (35·0%)

Cancer 640 (21·7%) 10713 (22·0%) 444 (23·4%) 8916 (21·4%) 792 (22·0%) 15 277 (20·1%)

Neurological disease or 
dementia

515 (17·5%) 6564 (13·5%) 386 (20·3%) 5598 (13·4%) 660 (18·3%) 10 519 (13·9%)

Obesity 420 (14·2%) 5656 (11·6%) 228 (12·0%) 4799 (11·5%) 404 (11·2%) 8225 (10·8%)

Immunosuppressive condition 262 (8·9%) 3486 (7·2%) 148 (7·8%) 2910 (7·0%) 331 (9·2%) 5184 (6·8%)

Previous infection history

No previous infection 2918 (98·9%) 46323 (95·1%) 1845 (97·3%) 37 292 (89·4%) 3440 (95·4%) 63 927 (84·2%)

Pre-omicron previous infection 
(March 1, 2020, to Dec 25, 2021)

32 (1·1%) 2322 (4·8%) 35 (1·8%) 1840 (4·4%) 51 (1·4%) 3012 (4·0%)

Omicron previous infection
(Dec 26, 2021, to Aug 8, 2022)

1 (<0·1%) 79 (0·2%) 17 (0·9%) 2570 (6·2%) 116 (3·2%) 8999 (11·9%)

Omicron BA.1 (Dec 26, 2021, to 
April 9, 2022)

1 (<0·1%) 79 (0·2%) 16 (0·8%) 2549 (6·1%) 69 (1·9%) 5316 (7·0%)

Omicron BA.2 (April 10 to 
July 9, 2022)

NA NA 1 (0·1%) 21 (0·1%) 32 (0·9%) 2825 (3·7%)

Omicron BA.4/5 (July 10 to 
Sept 6, 2022)§

NA NA NA NA 15 (0·4%) 858 (1·1%)

(Table 1 continues on next page)
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only Pfizer–BioNTech vaccine, 1992 (27·9%) cases and 
55 002 (34·6%) controls received a mixed Pfizer–BioNTech 
and Moderna schedule, and 1096 (15·4%) cases and 
26 204 (16·5%) controls received Moderna only. During 

the BA.4/5 period, 3307 (4·4%) of 76 005 vaccinated 
participants (both cases and controls) had received a 
bivalent booster vaccine (table 1). The proportion of 
controls with repeat vaccine doses increased during the 

BA.1 period (n=51 675) BA.2 period (n=43 599) BA.4/5 period (n=79 545)

Cases (n=2951) Controls 
(n=48 724)

Cases (n=1897) Controls 
(n=41 702)

Cases (n=3607) Controls 
(n=75 938)

(Continued from previous page)

Vaccination status and type of vaccine

Unvaccinated 776 (26·3%) 2289 (4·7%) 221 (11·6%) 1847 (4·4%) 330 (9·1%) 3210 (4·2%)

Vaccinated with ≥1 dose 2175 (73·7%) 46 435 (95·3%) 1676 (88·4%) 39 855 (95·6%) 3277 (90·9%) 72 728 (95·8%)

BNT162b2 (Pfizer–BioNTech) 1552 (52·6%) 28576 (58·6%) 992 (52·3%) 18 526 (44·4%) 1496 (41·5%) 30 710 (40·4%)

mRNA-1273 (Moderna) 359 (12·2%) 7523 (15·4%) 227 (12·0%) 6870 (16·5%) 510 (14·1%) 11 811 (15·6%)

Mixed mRNA schedule 264 (8·9%) 10 336 (21·2%) 457 (24·1%) 14 459 (34·7%) 1271 (35·2%) 30 207 (39·8%)

Bivalent booster¶ NA NA NA NA 105 (3·2%) 3202 (4·4%)

Interval in months between 
previous infection and specimen 
collection

12 (11–14) 13 (11–15) 15 (4–17) 4 (3–15) 7 (4–17) 7 (5–10)

Interval in months between last 
vaccine dose and specimen 
collection

4 (2–6) 2 (1–4) 4 (3–5) 3 (2–5) 5 (3–8) 5 (3–7)

Data are n (%) or median (IQR). NA=not applicable. *148 519 (81·7%) of 181 874 participants with data on material and social deprivation index. †Categories of comorbidity 
are not mutually exclusive. ‡The 21 medical conditions considered were: hypertension, cardiovascular disease, neurological disorder, anaemia, respiratory diseases, diabetes, 
hypothyroidism, fluid and electrolyte disorders, cancer, kidney disease, obesity, psychosis, liver disease, immune system problem, coagulopathy, weight loss, drug abuse, 
alcohol abuse, ulcer, and paralysis. §BA.4/5 previous infections considered until Sept 6, 2022, 60 days before the end of the study period. ¶At least one bivalent booster dose 
(Pfizer–BioNTech BA.4/5 bivalent vaccine or Moderna BA.1 bivalent vaccine)

Table 1: Characteristics of cases hospitalised due to omicron and test-negative controls stratified by omicron subvariant period

For more on the social 
deprivation index see https://
www.inspq.qc.ca/sites/default/

files/publications/2639_
material_social_deprivation_

index.pdf

BA.1 period BA.2 period BA.4/5 period

Cases (n=2951) Controls 
(n=48 724)

Cases (n=1897) Controls 
(n=41 702)

Cases (n=3607) Controls 
(n=75 938)

No previous infection 2918 (98·9%) 46 323 (95·1%) 1845 (97·3%) 37 292 (89·4%) 3440 (95·4%) 63 927 (84·2%)

Unvaccinated 772 (26·2%) 2154 (4·4%) 218 (11·5%) 1610 (3·9%) 316 (8·8%) 2584 (3·4%)

One dose 72 (2·4%) 477 (1·0%) 23 (1·2%) 263 (0·6%) 33 (0·9%) 386 (0·5%)

Two doses 1099 (37·2%) 11 110 (22·8%) 197 (10·4%) 3286 (7·9%) 329 (9·1%) 4648 (6·1%)

Three doses 964 (32·7%) 31 804 (65·3%) 1136 (59·9%) 21 432 (51·4%) 1030 (28·6%) 19 325 (25·4%)

Four doses 11 (0·4%) 778 (1·6%) 271 (14·3%) 10 701 (25·7%) 1460 (40·5%) 30 533 (40·2%)

Five doses NA NA NA NA 272 (7·5%) 6451 (8·5%)

Previous pre-omicron infection 32 (1·1%) 2322 (4·8%) 35 (1·8%) 1840 (4·4%) 51 (1·4%) 3012 (4·0%)

Unvaccinated 4 (0·1%) 133 (0·3%) 2 (0·1%) 104 (0·2%) 7 (0·2%) 154 (0·2%)

One dose 5 (0·2%) 177 (0·4%) 4 (0·2%) 86 (0·2%) 1 (<0·1%) 122 (0·2%)

Two doses 14 (0·5%) 990 (2·0%) 13 (0·7%) 480 (1·2%) 5 (0·1%) 440 (0·6%)

Three doses 9 (0·3%) 969 (2·0%) 13 (0·7%) 840 (2·0%) 19 (0·5%) 1003 (1·3%)

Four doses 0 53 (0·1%) 3 (0·2%) 330 (0·8%) 16 (0·4%) 1043 (1·4%)

Five doses NA NA NA NA 3 (0·1%) 250 (0·3%)

Previous omicron infection 1 (<0·1%) 79 (0·2%) 17 (0·9%) 2570 (6·2%) 116 (3·2%) 8999 (11·9%)

Unvaccinated 0 2 (<0·1%) 1 (0·1%) 133 (0·3%) 7 (0·2%) 472 (0·6%)

One dose 0 0 1 (0·1%) 36 (0·1%) 3 (0·1%) 87 (0·1%)

Two doses 1 (<0·1%) 32 (0·1%) 1 (0·1%) 525 (1·3%) 12 (0·3%) 981 (1·3%)

Three doses 0 45 (0·1%) 10 (0·5%) 1229 (2·9%) 35 (1·0%) 2961 (3·9%)

Four doses 0 0 4 (0·2%) 647 (1·6%) 48 (1·3%) 3541 (4·7%)

Five doses NA NA NA NA 11 (0·3%) 957 (1·3%)

Data are n (%). NA=not applicable.

Table 2: Previous infection history and vaccination status in cases and controls stratified by omicron subvariant period

https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
https://www.inspq.qc.ca/sites/default/files/publications/2639_material_social_deprivation_index.pdf
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three subvariant periods in line with public health 
recommendations for booster doses 6 months after the 
last dose for adults aged 60 years or older in 
December, 2021, and August, 2022, with an additional 
dose recommended for adults aged 80 years or older in 
March, 2022 (table 2; appendix 2 p 8). Consequently, few 
older adults had only one or two doses, contributing to 
reduced precision of vaccine effectiveness estimates, 
especially during BA.2 and BA.4/5 periods.

The proportion of participants with a documented 
previous infection increased from 33 (1·1%) of 2951 cases 
and 2401 (4·9%) of 48 724 controls during the 
BA.1 period, to 52 (2·7%) of 1897 cases and 4410 (10·6%) 
of 41 702 controls during the BA.2 period and 167 (4·6%) 
of 3607 cases and 12 011 (15·8%) of 75 938 controls during 
the BA.4/5 period (table 2). Overall, most previous 
infections were due to omicron, increasing with 
subvariant periods. Conversely, the proportion of cases 

Figure 2: Estimated protection against hospitalisation due to omicron
(A) BA.1 period. (B) BA.2 period. (C) BA.4/5 period. Error bars are 95% CI. Logistic regression models adjusted for sex, age (60–69 years, 70–79 years, 80–89 years, and 
≥90 years), place of residence (home, private homes for older people, or other), epidemiological week, multimorbidity (two or more conditions), chronic respiratory 
disease, chronic heart disease, cancer, obesity, immunosuppressive condition, and neurological disease. *Effectiveness was not estimable.
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and controls with a previous pre-omicron infection was 
similar across the three omicron subvariant periods. 
Somewhat counter-intuitively, the proportion of people 
with previous infections was lower in unvaccinated 
controls (626 [19·5%] of 3210 during the BA.4/5 period) 
than in controls who received one vaccine dose 
(209 [35·1%] of 595) or two vaccine doses 
(1421 [23·4%] of 6069), and was only slightly higher in 
those who received three vaccine doses (3964 [17·0%] of 
23 289; appendix 2 p 9).

In those without a documented previous infection, 
estimated vaccine effectiveness against hospitalisation 
increased with the number of doses (two doses vs 
four doses) and decreased with more recent subvariants, 
from 78% (95% CI 75–80) to 96% (93–98) during the BA.1 
period; from 60% (50–97) to 84% (81–87) during the BA.2 
period; and from 40% (30–49) to 68% (63–72) during the 
BA.4/5 period. The lower vaccine effectiveness for 
two doses versus four doses was consistent with the 
longer median time since second dose versus fourth dose 
(eg, 13 months vs 4 months for BA.4/5; figure 2; 
appendix 2 p 3). After standardising for time since 
vaccination, two-dose vaccine effectiveness estimates 
were lower than three-dose vaccine effectiveness 
estimates during all omicron subvariant periods, at both 
less than 3 months and 3–5 months after vaccination 
(table 3). Estimates of vaccine effectiveness at less than 
3 months after vaccination were similar for three-dose 
versus four-dose vaccination schedules during all omicron 
subvariant periods, and at 3–5 months after vaccination 
during the BA.4/5 period for participants who received 
three, four, or five doses (table 3).

Relative vaccine effectiveness of a third dose, compared 
with a second dose received 6 months or more before 
specimen collection and thus eligible for a booster dose, 
decreased with more recent subvariants to 70% (95% CI 
67–73) during BA.1, 38% (26–48) during BA.2, and 
31% (22–40) during BA.4/5 periods (appendix 2 p 3).

Previous pre-omicron infection alone (without 
vaccination) was associated with an estimated 
effectiveness against hospitalisation of 93% (95% CI 
80–97) during the BA.1 period, 88% (50–97) during the 
BA.2 period, and 69% (30–85) during BA.4/5 periods, 
which was lower than the effectiveness associated with 
previous omicron infection during BA.2 (96% [68–99]) 
and BA.4/5 periods (90% [79–95]; figure 2; appendix 2 p 3). 
Previous omicron infection alone was associated with a 
BA.4/5 hospitalisation risk reduction of 90% (95% CI 
30–99) at less than 3 months (days 60–89) before 
specimen collection, 93% (90–97) at 3–5 months, and 
84% (57–94) at 6–8 months (table 3).

Hybrid immunity, including previous infection and at 
least two vaccine doses, was associated with higher 
protection against hospitalisation than vaccination alone 
during all analysis periods, and higher than pre-omicron 
infection alone during the BA.4/5 period (figure 2). 
Regardless of the number of doses (two to five) or 

<3 months* 3 to 5 
months

6 to 8 
months

9 to 11 
months

12 to 14 
months

BA.1 period

When vaccination is last event

Vaccination without PI

Two doses 86% 
(78 to 91)

78% 
(74to 81)

76% 
(73 to 79)

68% 
(37 to 84)

NA

Three doses 93% 
(92 to 94)

87% 
(84 to 89)

NA NA NA

Four doses 96% 
(92 to 98)

NA NA NA NA

Vaccination after PI

Two to four doses and 
pre-omicron PI

95% 
(92 to 97)

98% 
(94 to 99)

96% 
(90 to 99)

NA NA

When PI is last event

PI without vaccination

Pre-omicron PI NE NE NE NE NE

PI after vaccination 

Two to four doses and 
pre-omicron PI

NE NE NE NE NE

BA.2 period

When vaccination is last event

Vaccination without PI

Two doses 66% 
(28 to 84)

46% 
(12 to 66)

58% 
(43 to 69)

61% 
(50 to 70)

73 
(–13 to 94)

Three doses 85% 
(81 to 88)

73% 
(68 to 77)

66% 
(48 to 78)

NA NA

Four doses 82% 
(78 to 86)

85% 
(69 to 93)

NA NA NA

Vaccination after PI

Two to four doses and pre-
omicron PI

95% 
(88 to 98)

92% 
(85 to 95)

84% 
(54 to 94)

87% 
(46 to 96)

NA

Two to four doses and 
omicron PI

96% 
(90 to 98)

NA NA NA NA

When PI is last event:

PI without vaccination 

Pre-omicron PI NE NE NE NE NE

Omicron PI NE NE NE NE NA

PI after vaccination 

Two to four doses and 
pre-omicron PI

NE NE NE NE NE

Two to four doses and 
omicron PI

95% 
(88 to 98)

99% 
(95 to 100)

NA NA NA

BA.4/5 period

When vaccination is last event

Vaccination without PI

Two doses 55% 
(–95 to 89)

40% 
(–5 to 66)

40% 
(5 to 62)

36% 
(17 to 51)

47 
(35 to 57)

Three doses 82% 
(68 to 90)

67% 
(60 to 74)

56% 
(49 to 62)

56% 
(45 to 66)

NA

Four doses 80% 
(76 to 83)

64% 
(58 to 69)

52% 
(38 to 63)

75% 
(–7 to 94)

NA

Five doses 73% 
(67 to 78)

57% 
(11 to 79)

NA NA NA

(Table 3 continues on next page)
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previous infection type (pre-omicron or omicron), hybrid 
immunity was associated with a hospitalisation risk 
reduction of about 90% or more, not improved by booster 
doses compared with two doses during any of the periods 
(figure 2; appendix 2 p 3).

When vaccination (two to five doses) was the last 
immunological event, hybrid protection associated with 
previous pre-omicron infection decreased slightly with 
time since last dose from 95% (95% CI 90–98) after less 
than 3 months, an interval after which most controls (739 
[81·6%] of 906) had received four or five vaccine doses, to 
82% (54–93) at 9–11 months, a period after which controls 
had received two (90 [51·4%] of 175) or three (85 [48·6%] 
of 175) vaccine doses (table 3). However, in participants 
with a previous omicron infection, estimated hybrid 
protection during the 8 months after the last vaccine 
dose remained stable at more than 94% (longer follow-up 
not feasible). When a previous omicron infection was the 
last immunological event (not estimable for pre-omicron 
infection), hybrid protection also remained stable at 
more than 90% during the first 8 months after infection.

Vaccine effectiveness stratified by age group did not 
suggest decreased protection with older age, although 
cautious interpretation is required with multiple 
comparisons (appendix 2 pp 10–11).

In sensitivity analyses, results were similar when 
reinfection was defined with a 90-day interval 
(appendix 2 p 4), with restriction to community-dwelling 
individuals (appendix 2 p 5), and with exclusion of 
immunosuppressed individuals (appendix 2 p 6).

Discussion
Our findings suggest that in older adults (≥60 years old), 
monovalent mRNA vaccine effectiveness against 
hospitalisation due to omicron decreased with more 
recent omicron subvariants, and was modified mainly by 
previous infection history rather than number of vaccine 
doses. In participants who were infection naive, vaccine 
effectiveness estimates did not differ for three to five 
doses during the first 6 months after vaccination during 
the BA.4/5 period. Infection-induced immunity in 
unvaccinated individuals was associated with better and 
longer lasting protection against hospitalisation than 
vaccination alone (slightly lower protection with previous 
infection due to a pre-omicron variant than omicron). 
Whereas protection waned with time since either of 
these immunological events alone, hybrid immunity 
induced by both previous infection and two or more 
vaccine doses was more robust, exceeding 90% for at 
least 6–8 months regardless of type of previous infection 
or number of doses received.

In our study, estimated vaccine effectiveness against 
omicron hospitalisation was more than 90% for BA.1, 
about 85% for BA.2, and about 80% for BA.4/5 during 
the 3 months after the last booster dose in infection-naive 
participants, dropping by about 15% after 3–5 months. 
These findings are consistent with observations published 

previously.8,9,21,22 However, previous studies did not assess 
all of these omicron subvariants or did not use simul-
taneous stratification for previous infection history. In 
adults aged 18 years or older with unknown previous 
infection status, three-dose vaccine effectiveness in 
Portugal was 93% against hospitalisation due to BA.2 and 
77% against hospitalisation due to BA.4/5,21 and 
in the USA three-dose vaccine effectiveness was 
98% against hospitalisation due to BA.1, 82% due to BA.2, 
and 72% due to BA.4/5.8 Our findings suggest that 
additional booster doses of monovalent mRNA vaccine 
did not gradually increase protection but rather reset 
protection to the levels achieved shortly after a previous 
dose. This conceptualisation is also supported by two 
previous studies in which vaccine effectiveness against 
BA.4/5 hospitalisation was the same shortly after a 
third or fourth dose in adults without a previous 
infection (66%) or with an unknown previous infection 
status (60%).9,22

The substantial protection we observed in unvaccinated 
older adults with a previous infection alone corroborates 
and extends results from the meta-analysis by Bobrovitz 
and colleagues,13 which showed that previous infection 
reduced the subsequent risk of severe COVID-19 by 
83% at 3 months and 75% at 12 months during BA.1 and 
BA.2 dominant periods.13 In Qatar, pre-omicron (36%) 
and omicron (69%) infection without vaccination were 
associated with a reduced risk of symptomatic BA.4/5 
infection,23 but no study assessed protection against 

<3 months* 3 to 5 
months

6 to 8 
months

9 to 11 
months

12 to 14 
months

(Continued from previous page)

Vaccination after PI

Two to five doses and pre-
omicron PI

95% 
(90 to 98)

89% 
(81 to 93)

90% 
(79 to 95)

82% 
(54 to 93)

NA

Two to five doses and 
omicron PI

94% 
(90 to 96)

94% 
(90 to 97)

95% 
(65 to 99)

NA NA

When PI is last event

PI without vaccination 

Pre-omicron PI NE NE NE NE NE

Omicron PI 90% 
(30 to 99)

93% 
(71 to 98)

84% 
(57 to 94)

NA NA

PI after vaccination 

Two to five doses and pre-
omicron PI

NE NE NE NE NE

Two to five doses and 
omicron PI

91% 
(85 to 95)

94% 
(90 to 96)

92% 
(86 to 96)

88% 
(51 to 97)

NA

Data are adjusted effectiveness (%, 95% CI). Immunogenic event was defined as either vaccination or primary 
infection. Logistic regression models adjusted for sex, age (60–69 years, 70–79 years, 80-89 years, and ≥90 years old), 
place of residence (home, private homes for older people, and other), epidemiological week, multimorbidity 
(two or more conditions), chronic respiratory disease, chronic heart disease, cancer, obesity, immunosuppressive 
condition, and neurological disease. NA=not applicable considering variant circulations or vaccine recommendations. 
NE=not estimable. PI=previous infection. *7–90 days when vaccination was the last event and 60–90 days when 
primary infection was the last event. 

Table 3: Vaccine-induced and hybrid protection against hospitalisation due to omicron by time since last 
immunogenic event 
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severe outcomes. We identified no other publication 
assessing hybrid protection against BA.4/5-associated 
hospitalisation, but Bobrovitz and colleagues13 reported 
that hybrid immunity, including two or three vaccine 
doses, reduced the risk of severe BA.1 and BA.2 by more 
than 95% at both the 3-month and 6-month follow-up, 
similar to our findings for the BA.1, BA.2, and BA.4/5 
omicron subvariants.

Ageing has been identified as the strongest risk factor 
for severe COVID-19,24 potentially associated with age-
related immune dysfunction affecting responses to both 
infection and vaccine.25 One study reported lower vaccine 
effectiveness against severe outcomes for people aged 
70 years or older (76–79%) compared with 50–69-year-
olds (85–87%) 8 months after vaccination, but similar 
effectiveness shortly after vaccination.10 Our findings 
suggest no decrease in protection, but cautious inter-
pretation is required given the multiple comparisons. 
Future research should specifically address the effect of 
chronological ageing and immunosenescence versus 
other potentially associated factors (eg, frailty and 
imprinting) on vaccine-associated and infection-
associated protection against severe disease.

In our study, outcome ascertainment was compre-
hensive and specific for COVID-19-related hospital-
isations. Cases and controls were individuals tested in 
acute-care hospitals for the same clinical indication, 
increasing comparability.26,27 Because all participants 
were ill enough to attend a hospital, we do not expect 
differential health-seeking behaviour, even with the 
inclusion of controls who were not hospitalised. 
Moreover, we adjusted for age, comorbidity, and place of 
residence, which might be associated with disease 
severity and immunisation behaviour. Nevertheless, our 
study has several limitations most likely to result in 
under estimation. Because previous infection was 
documented only through (reportable) NAAT detection, 
we will have missed and misclassified some unrecognised 
or undiagnosed pre-omicron infections, as well as 
omicron infections, especially since January, 2022, when 
(non-reportable) RADTs became broadly available. In our 
BA.4/5 controls, we identified 15% with a previous 
infection compared with 40% in the same age group in 
seroprevalence studies done in July to August, 2022, in 
Quebec and British Columbia, Canada.14,28 The relatively 
low proportion of previous infections in unvaccinated 
compared with vaccinated controls might have been due 
to more missed infections associated with differential 
testing behaviour or to fewer exposure opportunities in 
unvaccinated older adults who might have more 
rigorously self-isolated. Both explanations would tend to 
underestimate the protection induced by previous 
infection and hybrid immunity. Vaccine effectiveness in 
individuals without a previous detected infection would 
be underestimated or overestimated depending on the 
relative proportion of missed previous infections in 
vaccinated compared with unvaccinated groups. The 

disproportionately lower rates of previous infection 
detected in unvaccinated adults might also tend to 
obscure the incremental value of additional doses in 
individuals who are infection naive if vaccination and 
test-seeking behaviour are correlated.

Despite adjustment for several factors, residual 
confounding is possible; factors such as frailty, race and 
ethnicity, and education might influence both the uptake 
and the effect of vaccination. We did not have information 
on the use of ritonavir-boosted nirmatrelvir in Quebec. It 
has been available for adults who are immunosuppressed 
since mid-January, 2022, and for individuals aged 
60 years or older with no or one vaccine doses or 
individuals at higher risk of COVID-19 complications 
due to comorbidity since mid-March, 2022.29 Because 
ritonavir-boosted nirmatrelvir might also reduce the risk 
of hospitalisation, failure to take it into account might 
have tended to underestimate vaccine effectiveness. 
Although our main analyses included immuno-
compromised individuals with potentially reduced 
response to vaccin ation, they represented only 7% of 
cases and controls and similar estimates were obtained 
with their exclusion. Our findings might not apply to 
bivalent vaccines, against less severe COVID-19 or newly 
emerging subvariants, which will require evaluation. 
Although our population was representative of 
community-dwelling adults aged 60 years or older in 
Quebec, our findings might not be generalisable to 
excluded residents of long-term care facilities or older 
adults elsewhere with different care access. Despite these 
limitations, our data align with and confirm observations 
from other immunological and epidemiological 
studies,4–11 although our analysis of three subvariants 
simultaneously, including BA.4/5, updates under-
standing and enables within-lineage comparison and 
cross-reference with previous studies of vaccine and 
hybrid immunity against BA.1 and BA.2 only.

Our findings have methodological and clinical 
implications. Given the substantial effect modification by 
previous infection and vaccination, estimates of 
protection should be separately considered for each of 
these strata (vaccine only, previous infection only, and 
both) rather than averaged as a global vaccine 
effectiveness finding adjusted for previous infection as a 
confounder.30 For public health authorities and expert 
advisory committees, the effect modification by previous 
infection means that recommendations for additional 
vaccine doses might need to take into account the 
evolving proportion of the population already previously 
infected. Older adults with a history of both previous 
SARS-CoV-2 infection and at least two vaccine doses 
appear well protected for a prolonged period against 
omicron hospitalisation, including against hospitalisation 
due to BA.4/5. The plateauing of hybrid protection after 
two doses calls into question the incremental value of 
additional booster doses in preventing COVID-19 
hospitalisation. Immunisation programmes aiming to 
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prevent hospitalisation should prioritise efforts to 
administer booster doses to individuals who are infection 
naive, who constituted about half of the older adult 
population in high-income countries in September to 
November, 2022.
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