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Summary 
Background There is a paucity of data on vaccine-induced or infection-induced (hybrid or natural) immunity against 
omicron (B.1.1.529) subvariant BA.2, particularly in comparing the effects of previous SARS-CoV-2 infection with the 
same or different genetic lineage. We aimed to estimate the protection against omicron BA.2 associated with previous 
primary infection with omicron BA.1 or pre-omicron SARS-CoV-2, among health-care workers with and without 
mRNA vaccination.

Methods We conducted a test-negative case-control study among health-care workers aged 18 years or older who were 
tested for SARS-CoV-2 in Quebec, Canada, between March 27 and June 4, 2022, when BA.2 was the predominant 
variant and was presumptively diagnosed with a positive test result. We identified cases (positive test during study 
period) and controls (negative test during study period) using the provincial laboratory database that records all 
nucleic acid amplification testing for SARS-CoV-2 in Quebec, and used the provincial immunisation registry to 
determine vaccination status. Logistic regression models compared the likelihood of BA.2 infection or reinfection 
(second positive test ≥30 days after primary infection) among health-care workers who had previous primary infection 
and none to three mRNA vaccine doses versus unvaccinated health-care workers with no primary infection. 

Findings 258 007 SARS-CoV-2 tests were done during the study period. Among those with a valid result and that met 
the inclusion criteria, there were 37 732 presumed BA.2 cases (2521 [6·7%] reinfections following pre-omicron 
primary infection and 659 [1·7%] reinfections following BA.1 primary infection) and 73 507 controls (7360 [10·0%] 
had pre-omicron primary infection and 12 315 [16·8%] had BA.1 primary infection). Pre-omicron primary infection 
was associated with a 38% (95% CI 19–53) reduction in BA.2 infection risk, with higher BA.2 protection among those 
who had also received one (56%, 95% CI 47–63), two (69%, 64–73), or three (70%, 66–74) mRNA vaccine doses. 
Omicron BA.1 primary infection was associated with greater protection against BA.2 infection (risk reduction of 72%, 
95% CI 65–78), and protection was increased further among those who had received two doses of mRNA vaccine 
(96%, 95–96), but was not improved with a third dose (96%, 95–97). 

Interpretation Health-care workers who had received two doses of mRNA vaccine and had previous BA.1 infection 
were subsequently well protected for a prolonged period against BA.2 reinfection, with a third vaccine dose conferring 
no improvement to that hybrid protection. If this protection also pertains to future variants, there might be limited 
benefit from additional vaccine doses for people with hybrid immunity, depending on timing and variant.

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

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction 
Since December, 2021, omicron (B.1.1.529) has been the 
dominant SARS-CoV-2 variant globally, responsible for 
the highest COVID-19 incidence to date due to its greater 
transmissibility and escape from natural immunity and 
vaccine-induced immunity.1,2 The initial omicron BA.1 
sublineage has been replaced by the phylogenetically 
distinct and even more transmissible BA.2 sublineage.3,4 
In Quebec, Canada, omicron BA.2 became dominant at 

the end of March, 2022, accounting for more than 90% of 
sequenced viruses during the ensuing weeks.5

The intense omicron BA.1 surge that occurred among 
the population of Quebec, despite a high proportion of 
people having been vaccinated, between December, 2021, 
and February, 2022,6 resulted in a considerable pool of 
people with potential hybrid immunity induced by the 
combination of vaccination and infection. In the context 
of previous reports of reduced and rapidly waning 

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(22)00578-3&domain=pdf
Asus
Evidenziato

Asus
Evidenziato

Asus
Evidenziato

Asus
Evidenziato



Articles

2 www.thelancet.com/infection   Published online September 21, 2022   https://doi.org/10.1016/S1473-3099(22)00578-3

vaccine effectiveness against omicron and its sub-
lineages,1,7,8 the potential benefit of third (booster) vaccine 
doses requires updated understanding compared with 
within-lineage cross-protection. In particular, the 
protection against omicron BA.2 conferred by natural 
and hybrid immunity associated with primary infection 
with pre-omicron SARS-CoV-2 or omicron BA.1 virus 
warrants comparison.

We aimed to estimate the protection against omicron 
BA.2 infection conferred by previous primary infection 
with omicron BA.1 or pre-omicron SARS-CoV-2, among 
a population-based cohort of health-care workers with 
and without mRNA vaccination.

Methods 
Study design 
We conducted a test-negative case-control study among 
health-care workers who had SARS-CoV-2 nucleic acid 
amplification testing in Quebec, Canada, between 
March 27 and June 4, 2022 (epidemiological weeks 13–22), 
when BA.2 was the predominant variant and was 
presumptively diagnosed with a positive test result.

This study was conducted under the legal mandate of 
the National Director of Public Health of Quebec under 
the Public Health Act, granting a participant consent 

waiver. It was approved by the Research Ethics Board of 
the Centre Hospitalier Universitaire de Québec-
Université Laval.

Participants 
We included in the study all health-care workers aged 
18 years or older who were paid by the Quebec publicly 
funded health-care system or were registered as members 
of a health college (physicians, nurses, nursing assistants, 
respiratory therapists, midwifes, and pharmacists). We 
compared participants who had a positive SARS-CoV-2 
test during the study period (cases) with those who had a 
negative test (controls). We defined mRNA vaccination as 
receipt of one dose at least 14 days before specimen 
collection or two or three doses at least 7 days before 
specimen collection, with the first and second doses 
administered at least 21 days apart. People who had a 
SARS-CoV-2 test within these intervals, who had an 
invalid vaccination date, or who received a non-mRNA 
vaccine were excluded. In Quebec, shorter intervals 
between doses were recommended for people who were 
immuno-compromised.9 There, we included only 
participants who had the second and third doses 
administered at least 90 days apart, and had not received 
a fourth dose of vaccine before specimen collection.

Research in context

Evidence before this study
We searched Medline and the preprint servers medRxiv and 
SSRS on June 15, 2022, using the term “omicron BA.2”, with no 
language or date restrictions. We found 16 studies reporting 
cross-immunity or cross-protection against omicron BA.2 
among people who had previous BA.1 infection. Several 
immunological studies found robust neutralising antibody 
titres against BA.2 in sera of people who had previous omicron 
BA.1 infection, which were improved among people who had 
also been vaccinated. However, we did not identify any 
published peer-reviewed epidemiological studies that 
estimated the protection against omicron BA.2 infection in 
people with previous omicron primary infection with or 
without vaccination. Two preprint reports estimated cross-
sublineage protection against BA.2 reinfection of 95% for 
people with previous BA.1 infection 35–95 days earlier 
(adjusted for vaccination) and of about 70% for unvaccinated 
people who had previous infection during the omicron-
dominant period 30–59 days earlier. Data on hybrid immunity 
(combined protection from vaccination and previous infection) 
are scarce, particularly in comparing the effects of previous 
infection with the same or different genetic lineage 
(eg, pre-omicron infection vs omicron BA.1 infection).

Added value of this study
We conducted a test-negative case-control study to estimate 
the protection against omicron BA.2 reinfection conferred by 
previous pre-omicron or omicron BA.1 primary infection, with 

and without mRNA vaccination, in the population-based cohort 
of health-care workers aged 18 years or older in Quebec, Canada.

Previous omicron BA.1 infection alone was the single most 
protective factor against BA.2 reinfection (risk reduction of 
72%), and was associated with higher protection than pre-
omicron primary infection alone (38%) or even than three 
doses of mRNA vaccine in people with no previous infection 
(46%). Hybrid immunity conferred by previous omicron BA.1 
primary infection plus vaccination increased estimated 
protection against BA.2 reinfection, similarly to 96% with two 
or three vaccine doses, and this protection was maintained for 
at least 5 months after primary infection.

Implications of all the available evidence
In the context of hundreds of millions of people worldwide who 
have already had SARS-CoV-2 infection, and with over half 
having accrued since omicron emergence, our results have 
important implications for preparedness and response to future 
epidemic waves. If also applicable to other populations and 
emerging omicron subvariants, our findings of substantial and 
sustained omicron BA.1 hybrid protection against BA.2 among 
health-care workers suggest that people who have had previous 
omicron infection and two vaccine doses might be well 
protected. For such individuals, additional doses might provide 
only marginal added benefit against subsequent omicron 
infections and severe outcomes. Therefore, available vaccine 
doses might be better prioritised for protecting people who are 
more vulnerable globally.
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Reinfection was defined as two positive specimens 
collected at least 30 days apart. Consequently, tests that 
were done within 30 days of a previous positive result 
were excluded. Health-care workers with a reinfection 
documented before the study period were also excluded. 
Negative tests collected within 7 days before a positive 
test were excluded, to avoid misclassifying potential 
cases within their incubation period as controls. We 
additionally excluded cases without nucleic acid 
amplification test confirmation.

Data sources 
We identified cases and controls using the provincial 
laboratory database that records all nucleic acid 
amplification testing for SARS-CoV-2 in Quebec, 
including the date of specimen collection, the result, 
and testing indication. Indications for testing were 
being symptomatic in assessment centres, symptoms 
during consultation at the emergency room or 
hospitalisation, asymptomatic during outbreaks, 
hospital pre-admission screening, contact with case(s), 
confirmation of a rapid antigen detection testing 
positive result, confirmation of recovery, and other 
reasons combined. Publicly funded nucleic acid 
amplification testing was broadly accessible to all 
health-care workers in Quebec throughout the 
pandemic. We defined symptomatic infection as a 
positive test result in the presence of symptoms during 
consultation at an assessment centre, at the emergency 
room, or at hospitalisation, recognising a broad clinical 
spectrum for COVID-19.

Using a unique personal identifying number, the 
cohort of health-care workers was linked with the 

laboratory database; the provincial immunisation regi-
stry, which is a population-based database including all 
unvaccinated and vaccinated people with their dates of 
vaccination and the type of vaccine administered; the 
provincial database of all COVID-19 cases, including 
demographics and clinical information; and the admini-
strative hospitalisation database.

Procedures 
We defined exposure by a combination of previous 
infection and vaccination history. We defined primary 
infection as a SARS-CoV-2-positive specimen collected at 
least 30 days before a specimen collected during the 
study period. The 30-day interval was chosen to capture 
all potential BA.2 reinfections following previous BA.1 
primary infection, because early reinfections during 
SARS-CoV-2 variant replacement periods have been 
documented.10–12 In a sensitivity analysis, we defined 
reinfection using the more standard 90-day interval.13–15

We defined a pre-omicron primary infection as any 
SARS-CoV-2-positive specimen collected between 
Feb 20, 2020, and Nov 27, 2021. The strategy for variant of 
concern identification in Quebec during this period has 
been detailed elsewhere.16 Based on provincial genomic 
surveillance, we assumed omicron BA.1 attribution for 
cases between Dec 26, 2021, and March 26, 2022; during 
this period, all sequenced viruses were omicron and 
more than 90% overall were characterised as omicron 
BA.1 between Dec 26, 2021, and March 5, 2022, 
decreasing but remaining predominant (>50% overall) 
through March 26, 2022.5 To separately ascribe and 
analyse the protection associated with pre-omicron 
versus omicron primary infection, we excluded 

Figure 1: Weekly distribution of SARS-CoV-2 infections by infection history and weekly proportion of reinfections among all infections during the omicron 
BA.1 and BA.2 waves, December, 2021–June, 2022
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Cases (n=37 732) Controls (n=73 507)

Previous primary infection No primary infection Previous primary infection No primary infection

Total 3180 34 552 19 675 53 832

Sex

Female 2643 (82·8%) 28 235 (81·7%) 16 566 (84·2%) 44 401 (82·5%)

Male 546 (17·2%) 6317 (18·3%) 3109 (15·8%) 9431 (17·5%)

Age, years

18–39 1750 (55·0%) 16 473 (47·7%) 10 833 (55·1%) 24 383 (45·3%)

40–59 1341 (42·2%) 16 161 (46·8%) 8106 (41·2%) 25 629 (47·6%)

≥60 89 (2·8%) 1918 (5·6%) 736 (3·7%) 3820 (7·1%)

Type of employment

Physician 104 (3·3%) 1653 (4·8%) 465 (2·4%) 3014 (5·6%)

Nursing staff or respiratory therapist 1220 (38·4%) 10 736 (31·1%) 7706 (39·2%) 18 051 (33·5%)

Other health-assisting occupation 980 (30·8%) 8319 (24·1%) 6048 (30·7%) 13 857 (25·7%)

Social worker 569 (17·9%) 8317 (24·1%) 3464 (17·6%) 11 131 (20·7%)

Pharmacist 24 (0·8%) 505 (1·5%) 160 (0·8%) 974 (1·8%)

Management and administrative staff 283 (8·9%) 5022 (14·5%) 1832 (9·3%) 6805 (12·6%)

Facility

Hospital or health centre 1712 (53·8%) 18 798 (54·4%) 10 927 (55·5%) 29 557 (54·9%)

Long-term health facility 605 (19·0%) 3705 (10·7%) 3736 (19·0%) 7020 (13·0%)

Rehabilitation centre 141 (4·4%) 1689 (4·9%) 712 (3·6%) 2248 (4·2%)

Childhood and youth centre 89 (2·8%) 1547 (4·5%) 561 (2·9%) 1569 (2·9%)

Home care 182 (5·7%) 2057 (6·0%) 1023 (5·2%) 2640 (4·9%)

Other 451 (14·2%) 6756 (19·6%) 2716 (13·8%) 10 798 (20·1%)

Time of specimen collection, epidemiological weeks (calendar date)

13–14 (March 27–April 9) 1102 (34·7%) 13 789 (39·9%) 4737 (24·1%) 19 310 (35·9%)

15–16 (April 10–23) 1001 (31·5%) 10 676 (30·9%) 5141 (26·1%) 14 515 (27·0%)

17–18 (April 24–May 7) 563 (17·7%) 5284 (15·3%) 4271 (21·7%) 8995 (16·7%)

 19–20 (May 8–21) 264 (8·3%) 2556 (7·4%) 2862 (14·6%) 5983 (11·1%)

21–22 (May 22–June 4) 250 (7·9%) 2247 (6·5%) 2664 (13·5%) 5029 (9·3%)

Indication for testing

Symptomatic, emergency room 52 (1·6%) 445 (1·3%) 820 (4·2%) 1636 (3·0%)

Symptomatic, health-care worker 1765 (55·5%) 21 058 (60·9%) 7374 (37·5%) 20 588 (38·2%)

Asymptomatic, closed setting outbreak 252 (7·9%) 1523 (4·4%) 4617 (23·5%) 10 767 (20·0%)

Asymptomatic, hospital pre-admission 41 (1·3%) 318 (0·9%) 1417 (7·2%) 3880 (7·2%)

Asymptomatic contact 283 (8·9%) 3710 (10·7%) 1955 (9·9%) 8749 (16·3%)

Asymptomatic other 177 (5·6%) 915 (2·6%) 1973 (10·0%) 4758 (8·8%)

Confirmation of positive rapid antigen test 562 (17·7%) 6324 (18·3%) 938 (4·8%) 2277 (4·2%)

Other reasons combined 48 (1·5%) 259 (0·7%) 581 (3·0%) 1177 (2·2%)

Variant of concern of primary infection by calendar period

Before variant of concern (before Feb 1, 2021) 2081 (65·4%) NA 5996 (30·5%) NA

Before variant of concern or alpha 
(Feb 1–April 10, 2021)

185 (5·8%) NA 503 (2·6%) NA

Alpha (April 11–June 26, 2021) 98 (3·1%) NA 280 (1·4%) NA

Alpha or delta (June 27–Sept 4, 2021) 53 (1·7%) NA 141 (0·7%) NA

Delta (Sept 5–Nov 27, 2021) 104 (3·3%) NA 440 (2·2%) NA

Omicron BA.1 (Dec 26, 2021–March 26, 2022) 630 (19·8%) NA 11 585 (58·9%) NA

Omicron BA.2 (March 27–May 7, 2022) 29 (0·9%) NA 730 (3·7%) NA

Time between primary infection and specimen 
collection, days

487 (246–572) NA 120 (95–483) NA

Data are n (%) or median (IQR). NA=not applicable. 

Table 1: Characteristics of cases and controls stratified by SARS-CoV-2 primary infection history
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participants with past infection during the period of delta 
and omicron cocirculation (Nov 28–Dec 25, 2021).

We defined vaccination as the administration of 
BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna) 
mRNA vaccines. Health-care workers were a prioritised 
group for vaccination throughout the pandemic, earlier 
for high-risk facilities (long-term and acute-care 
facilities), and without geographical differences in the 
province. Health-care workers with pre-omicron or 
omicron BA.1 subvariant primary infection who had 
received no vaccine, or one, two, or three vaccine doses 
were compared with health-care workers who had no 
previous primary infection and had not been vaccinated.

The main outcomes were any nucleic acid amplification 
test-positive SARS-CoV-2 infection or symptomatic 
infection during the study period, in the context of omicron 
BA.2 subvariant dominance when 86% (weekly range 
60–93) of viruses from sentinel laboratories characterised 
by sequencing were BA.2 (figure 1).5 Other outcomes were 
the number of deaths and COVID-19 hospitalisations 
within 30 days of sample collection by infection history 
and vaccination status.

Statistical analysis 
The odds of pre-omicron or omicron BA.1 primary 
infection with or without vaccination and of vaccination 
alone without primary infection were compared among 
cases and controls. The comparator group for all 
analyses were health-care workers who had no previous 
primary vaccination and had not been vaccinated. 
Adjusted odds ratios (ORs) and their 95% CIs were 
computed using the maximum likelihood estimator. 
Logistic regression models were adjusted for age (18–39, 
40–59, and ≥60 years), sex, type of employment (as a 
proxy for socioeconomic status), facility (associated with 
infection risk and prioritisation for vaccination), testing 
indication (as a proxy for disease severity), and 
epidemiological week (to address vaccine roll-out and 
potential differential in virus exposure opportunities 
over time between cases and controls). Vaccine 
effectiveness or protection (ie, BA.2 infection risk 
reduction) was derived as 1 – adjusted OR.17 ORs were 
not estimated for exposure categories with fewer than 
five participants because the statistical uncertainty 
would be too large. Analyses were also stratified by time 
since last primary infection or vaccine exposure. We did 
post-hoc sensitivity analyses stratifying by age group 
and epidemiological weeks 15–22 (April 10–June 4, 2022), 
when 76–96% of SARS-CoV-2 viruses detected by 
sentinel laboratories were BA.2.

Statistical analyses were performed 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 
258 007 tests were performed among health-care workers 
in Quebec during the study period, 256 636 (99·5%) of 
which had valid results and were merged with other 
databases. 39 955 (15·5%) of tests were excluded 
(appendix p 4). In total, 37 732 presumed omicron BA.2 
cases were compared with 73 507 randomly selected 
controls. Most participants were aged 18–59 years 
(n=104 677 [94·1%]) and female (n=91 845 [82·6%]; 
table 1). A previous SARS-CoV-2 primary infection was 

All infections analysis Symptomatic infections 
analysis*

Cases 
(n=37 732)

Controls 
(n=73 507)

Cases 
(n=23 371)

Controls 
(n=30 542)

Pre-omicron primary infection

Overall 2521 (6·7%) 7360 (10·0%) 1495 (6·4%) 2643 (8·7%)

Non-vaccinated 109 (0·3%) 265 (0·4%) 57 (0·2%) 41 (0·1%)

One vaccine dose 342 (0·9%) 729 (1·0%) 214 (0·9%) 285 (0·9%)

Primary infection, first dose 340 (0·9%) 722 (1·0%) 212 (0·9%) 283 (0·9%)

First dose, primary infection 2 (<0·1%) 7 (<0·1%) 2 (<0·1%) 2 (<0·1%)

Two vaccine doses 897 (2·4%) 2665 (3·6%) 540 (2·3%) 987 (3·2%)

Primary infection, two doses 815 (2·2%) 2376 (3·2%) 486 (2·1%) 860 (2·8%)

First dose, primary infection, 
second dose

39 (0·1%) 107 (0·1%) 24 (0·1%) 56 (0·2%)

Two doses, primary infection 43 (0·1%) 182 (0·2%) 30 (0·1%) 71 (0·2%)

Three vaccine doses 1173 (3·1%) 3701 (5·0%) 684 (2·9%) 1330 (4·4%)

Primary infection, three doses 1028 (2·7%) 3177 (4·3%) 594 (2·5%) 1118 (3·7%)

First dose, primary infection, 
second and third doses

83 (0·2%) 271 (0·4%) 52 (0·2%) 99 (0·3%)

Two doses, primary infection, 
third dose

62 (0·2%) 253 (0·3%) 38 (0·2%) 113 (0·4%)

Omicron BA.1 primary infection

Overall 659 (1·7%) 12315 (16·8%) 330 (1·4%) 5600 (18·3%)

Non-vaccinated 125 (0·3%) 727 (1·0%) 43 (0·2%) 119 (0·4%)

One vaccine dose 9 (<0·1%) 109 (0·1%) 3 (<0·1%) 33 (<0·1%)

Primary infection, first dose 1 (<0·1%) 6 (<0·1%) 1 (<0·1%) 2 (<0·1%)

First dose, primary infection 8 (<0·1%) 103 (<0·1%) 2 (<0·1%) 31 (<0·1%)

Two vaccine doses 262 (0·7%) 5322 (7·2%) 147 (0·6%) 2519 (8·2%)

Two doses, primary infection 262 (0·7%) 5314 (7·2%) 147 (0·6%) 2517 (8·2%)

First dose, primary infection, 
second dose

0 8 (<0·1%) 0 2 (<0·1%)

Three vaccine doses 263 (0·7%) 6157 (8·4%) 137 (0·6%) 2929 (9·6%)

Three doses, primary infection 243 (0·6%) 5679 (7·7%) 124 (0·5%) 2716 (8·9%)

Two doses, primary infection, 
third dose

20 (0·1%) 478 (0·7%) 13 (0·1%) 213 (0·7%)

No previous SARS-CoV-2 infection

Overall 34 552 (91·6%) 53 832 (73·2%) 21 546 (92·2%) 22 299 (73·0%)

Non-vaccinated 672 (1·8%) 1043 (1·4%) 343 (1·5%) 125 (0·4%)

One vaccine dose 136 (0·4%) 193 (0·3%) 68 (0·3%) 45 (0·1%)

Two vaccine doses 6717 (17·8%) 8939 (12·2%) 4387 (18·8%) 3839 (12·6%)

Three vaccine doses 27 027 (71·6%) 43 657 (59·4%) 16 748 (71·7%) 18 290 (59·9%)

*Including only participants who had symptoms at the time of specimen collection according to the indication for 
testing.

Table 2: Vaccination status of presumed omicron BA.2 cases and controls stratified by SARS-CoV-2 
primary infection (pre-omicron or omicron BA.1)

See Online for appendix
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observed in 3180 (8·4%) of 37 732 cases and 19 675 (26·8%) 
of 73 507 controls (table 2). Among cases, 1159 (3·1%) 
had primary infection combined with two vaccine doses 
and 1436 (3·8%) had primary infection and three vaccine 
doses. Among controls, 687 (10·9%) had primary 
infection combined with two vaccine doses and 
821 (13·4%) had primary infection and three vaccine 
doses.

COVID-19 hospitalisations within 30 days following 
specimen collection were recorded for 58 vaccinated 
cases: 51 (0·1%) of 34 552 cases without primary 
infection, four (0·2%) of 2521 cases with pre-omicron 
primary infection, and three (0·6%) of 659 cases with 
BA.1 primary infection. Only one COVID-19-attributable 
death was documented in a participant with no previous 
primary infection who had received three doses of 
vaccine (data not shown).

Among the 2521 (6·7%) cases who had reinfection 
following pre-omicron primary infection, most had been 
vaccinated following their primary infection (815 [32·3%] 
had received two vaccine doses and 1028 [40·8%] had 
received three vaccine doses) and 109 (4·3%) remained 
unvaccinated. Among the 659 (1·7%) cases who had 
reinfection after a presumed omicron BA.1 primary 
infection, 125 (19·0%) were unvaccinated, 262 (39·8%) 
had received two vaccine doses, and 263 (36·9%) had 
received three vaccine doses (table 2).

Reinfections in participants who had a previous 
pre-omicron primary infection mostly (in 2081 [82·5%] of 
2521 participants) occurred before February, 2021, during 
the time before the variant-of-concern period, with a 
median primary infection to reinfection interval of 515 days 
(IQR 461–682; figure 2). Reinfections in participants who 
had a previous omicron primary infection mostly (in 
429 [65·1%] of 659 participants) occurred during the 3 peak 
weeks of the omicron BA.1 wave, with a median primary 
infection to reinfection interval of 100 days (IQR 87–116). 
Of these, 49 (6·5%) reinfections occurred at 30–59 days 
after primary infection and 151 (20·8%) occurred at 
60–89 days after primary infection (figure 2). The 
proportion of reinfections following a BA.1 primary 
infection increased from 0·9% to 3·6% of the reported 
cases from epidemiological weeks 13–22 of 2022 (figure 1).

Pre-omicron primary infection alone (without 
vaccination) was associated with a BA.2 reinfection risk 
reduction of 38% (95% CI 19–53) and a symptomatic 
reinfection risk reduction of 51% (22–69). In participants 
who had received two vaccine doses and had pre-omicron 
primary infection hybrid exposure, the estimated BA.2 
reinfection risk reduction was 69% (95% CI 64–73), 
similar to in participants who had received three vaccine 
doses and had pre-omicron primary infection exposure 
(70%, 66–74). Protection against symptomatic BA.2 
reinfection was also similar in participants who had 

Figure 2: Distribution of primary infections relative to reinfections during the study period, by definition of reinfection (≥30-day interval vs ≥90-day interval)
Distribution of primary infections associated with a reinfection using the 30-day or longer interval definition (A) and using the 90-day or longer interval definition (B). Vertical dotted lines show start 
of study period.
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pre-omicron primary infection and two vaccine doses 
(risk reduction of 81%, 95% CI 76–85) or three vaccine 
doses (83%, 78–86; figure 3; appendix p 2).

Omicron BA.1 primary infection alone (without 
vaccination) was associated with a BA.2 reinfection risk 
reduction of 72% (95% CI 65 to 78) and a symptomatic 
reinfection risk reduction of 86% (79 to 91). This 
protection was similar to that of hybrid pre-omicron 
primary infection plus two or three vaccine doses and 
higher than the estimated risk reduction with three 
vaccine doses among participants with no previous 
primary infection (46%, 95% CI 40 to 52; figure 3). This 
difference was not explained by time since last exposure. 
At a similar interval since primary infection (3 to 
<6 months), omicron BA.1 primary infection without 
vaccination was associated with a BA.2 risk reduction 
of 70% (95% CI 61 to 77) compared with 42% (–47 to 77) 
for pre-omicron primary infection without vaccination 

(table 3). At a similar interval since last exposure 
(30–89 days), omicron BA.1 primary infection without 
vaccination was associated with a BA.2 risk reduction of 
78% (95% CI 66 to 86), compared with 63% (57 to 68) 
conferred by three vaccine doses without previous 
primary infection (data not shown).

Omicron BA.1 primary infection with two mRNA 
vaccine doses was associated with 96% (95% CI 95–96) 
reduced risk of any omicron BA.2 reinfection and 
98% (97–98) reduced risk of symptomatic omicron BA.2 
reinfection. As observed with pre-omicron primary 
infection, the estimated hybrid protection associated 
with BA.1 primary infection was not improved with a 
third vaccine dose against any BA.2 reinfection (risk 
reduction of 96%, 95% CI 95–97) or symptomatic BA.2 
reinfection (98%, 98–99; appendix p 2). The timing of the 
third dose (ie, before or after the primary infection) did 
not modify the observed protection (figure 3). Sensitivity 

Figure 3: Protection against omicron BA.2 infection (any infection or symptomatic infection) conferred by pre-omicron or omicron BA.1 primary infection 
with or without vaccination
Protection against any BA.2 infection (A) and symptomatic BA.2 infection (B). Logistic regression models compared participants with previous primary infection or 
vaccination, or both, versus unvaccinated participants without previous primary infection. All estimates were adjusted for age, sex, type of employment, facility, 
indication for testing, and epidemiological week. Error bars are 95% CI. NI-V1=no previous infection, one vaccine dose. NI-V2=no previous infection, two vaccine 
doses. NI-V3=no previous infection, three vaccine doses. PI-NV=primary infection non-vaccinated. PI-V1=primary infection before one vaccine dose. PI-V2=primary 
infection before two vaccine doses. PI-V3=primary infection before three vaccine doses. V1-PI=primary infection after one vaccine dose. V1-PI-V2=primary infection 
after first but before second vaccine dose. V1-PI-V3=primary infection after first but before second and third vaccine doses. V2-PI=primary infection after two vaccine 
doses. V2-PI-V3=primary infection after second but before third vaccine dose. V3-PI=primary infection after three vaccine doses.
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analyses stratified by age group showed risk reduction 
estimates higher than in the primary analysis for two and 
three vaccine doses with pre-omicron primary infection, 
but the 95% CIs were overlapping between age groups 
(appendix p 3). We found no differences when using the 
more standard 90-day interval for defining reinfection 
(appendix p 4), or when the period was restricted to 
epidemiological weeks 15–22 (appendix p 5).

Pre-omicron primary infection without vaccination, 
occurring 4–25 months before omicron BA.2 circulation, 
was associated with BA.2 reinfection risk reduction of 
42% (95% CI –47 to 77) after 4–5 months, 39% (0 to 63) 
after 6–11 months, and 42% (17 to 60) after 12 months or 
longer (table 3). When the last vaccine dose followed the 
pre-omicron primary infection, two and three doses of 
vaccine were associated with similar protection during 
the 7–59-day period after vaccination (risk reduction of 
89% [95% CI 78 to 94] with two doses and 88% [81 to 92] 
with three doses) and the 60–89-day period after 
vaccination (73% [60 to 82] and 80% [75 to 84]).

Over the 5-month follow-up of participants with 
history of previous omicron BA.1 primary infection, a 
non-significant decline in BA.2 reinfection protection 
was observed among unvaccinated participants (from 
risk reduction of 82% [95% CI 49–94] at 30–59 days to 
70% [61–77] at 90–160 days), but not among those who 
had received two or three doses before their primary 
infection, whose protection remained between 96% 
and 97% for the 30–159 days of follow-up (table 3).

Estimated protection against BA.2 reinfection when 
the third dose was instead administered after an omicron 
BA.1 primary infection was similarly high at 98% (95% CI 
96–99) at 7–59 days after the third dose and 95% (89–98) 
at 60–89 days after the third dose. No participants who 
had received two vaccine doses had received their second 
dose after omicron BA.1 primary infection (table 3).

Discussion 
Hybrid immunity resulting from previous omicron BA.1 
infection plus two or three mRNA vaccine doses 
conferred the highest protection against any BA.2 
infection (risk reduction of 96%) or symptomatic BA.2 
infection (98%) among health-care workers. Protection 
was maintained for at least 5 months after primary 
infection. Previous omicron BA.1 primary infection 
alone was associated with greater protection against BA.2 
infection than pre-omicron primary SARS-CoV-2 
infection alone, or even three doses of mRNA vaccine in 
health-care workers who had no previous primary 
infection. When the primary infection was pre-omicron 
SARS-CoV-2, the reduction in risk of BA.2 reinfection 
was 38% in unvaccinated individuals, but was greater 
than 85% in those who had received their second or third 
vaccine dose less than 2 months earlier, and 70% when 
these doses were administered 2–6 months earlier.

In this population of health-care workers, 1·7% of cases 
detected during the study period, where BA.2 was the 
dominant variant, had previous primary infection with 
omicron BA.1; their odds of reinfection was four times 
lower than among those who had previous pre-omicron 
primary infection, but was still higher than the reported 
reinfection rates before the omicron surge.18,19 The 
omicron BA.2 sublineage shares multiple mutations 
with BA.1, but with genetic differences conferring growth 
advantage and resulting in BA.1 displacement.3 Omicron 
BA.2 reinfections had been documented using whole 
genome sequencing as early as 20 days after an omicron 
BA.1 primary infection, although such occurrences 
appeared to be rare.10,11

We observed a moderate protection against any BA.2 
infection (risk reduction of 38%) and symptomatic BA.2 
infection (51%) by heterologous pre-omicron primary 
infection without vaccination. Persistent cross-protection 
extending to different lineages might be explained by a 
T-cell response recognising epitopes across multiple viral 
proteins and other non-structural proteins that are less 
susceptible to mutations.20 We found higher effectiveness 

Pre-omicron primary infection Omicron BA.1 primary infection

Unadjusted risk 
reduction* 
(95% CI)

Adjusted risk 
reduction*† 
(95% CI)

Unadjusted risk 
reduction* 
(95% CI)

Adjusted risk 
reduction*† 
(95% CI)

Time since primary infection among unvaccinated participants

30–59 days (1 to <2 months) NE NE 78% (43 to 91) 82% (49 to 94)

60–89 days (2 to <3 months) NE NE 72% (59 to 82) 76% (63 to 85)

90–182 days (3 to <6 months) 13% (–99 to 62) 42% (–47 to 77) 73% (66 to 79) 70% (61 to 77)

183–364 days (6 to <12 months) 38% (5 to 60) 39% (0 to 63) NE NE

365–757 days (≥12 months) 37% (16 to 53) 42% (17 to 60) NE NE

Time since primary infection among participants with two vaccine doses

30–59 days (1 to <2 months) NE NE 94% (88 to 97) 97% (94 to 98)

60–89 days (2 to <3 months) NE NE 93% (90 to 95) 97% (96 to 98)

90–159 days (3 to <6 months) NE NE 92% (91 to 94) 96% (95 to 96)

Time since primary infection among participants with three vaccine doses

30–59 days (1 to <2 months) NE NE 93% (89 to 95) 96% (94 to 98)

60–89 days (2 to <3 months) NE NE 93% (91 to 95) 97% (96 to 98)

90–158 days (3 to <6 months) NE NE 94% (92 to 95) 96% (95 to 97)

Time since second vaccine dose among participants with two vaccine doses

7–59 days (<2 months) 71% (48 to 84) 89% (78 to 94) NE NE

60–89 days (2 to <3 months) 42% (18 to 59) 73% (60 to 82) NE NE

90–182 days (3 to <6 months) 59% (50 to 66) 77% (71 to 82) NE NE

183–364 days (6 to <12 months) 41% (32 to 48) 68% (62 to 74) NE NE

Time since third vaccine dose among participants with three vaccine doses

7–59 days (<2 months) 71% (55 to 80) 88% (81 to 92) 94% (90 to 97) 98% (96 to 99)

60–89 days (2 to <3 months) 49% (39 to 57) 80% (75 to 84) 90% (78 to 96) 95% (89 to 98)

90–182 days (3 to <6 months) 50% (44 to 56) 72% (67 to 76) NE NE

183–305 days (6 to <10 months) 74% (–115 to 97) 82% (–109 to 98) NE NE

NE=not estimable. *Logistic regression models comparing participants with previous primary infection with or 
without vaccination versus unvaccinated participants without previous primary infection. †Estimates adjusted for age, 
sex, type of employment, facility, indication for testing, and epidemiological week.

Table 3: Protection against any omicron BA.2 reinfection associated with pre-omicron or omicron BA.1 
primary infection with or without vaccination, by time since last immunogenic event (vaccination or 
primary infection)
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for hybrid immunity with primary infection and two 
vaccine doses (risk reduction of 81%) than for natural 
immunity from primary infection alone. This pattern 
was also reported in a study from Qatar, with 
46% effectiveness against symptomatic BA.2 infection in 
people who had pre-omicron primary infection and 
55% if combined with two vaccine doses and 77% with 
three doses.14 Protection was greater than 70% against 
any severe outcome.14 Their lower estimate for hybrid 
immunity with primary infection and two vaccine doses 
compared with our results might be explained by a 
longer time since second dose. Andeweg and colleagues12 
reported in a preprint that protection against BA.2 
infection for people with previous (pre-omicron or 
omicron) infection was 60–80% for those who had 
received two vaccine doses within 1–7 months earlier, 
and 75–80% for those who had received three vaccine 
doses within 1–4 months earlier. Studies examining 
protection against omicron reinfection (BA.1 or any 
sublineage) have reported that previous pre-omicron 
SARS-CoV-2 infection was associated with moderate 
protection against infection (25–47%), but stronger 
protection against severe outcomes (>80%), which was 
improved further with vaccination.12,14–16,21,22 As reported in 
our study, a third vaccine dose among health-care 
workers with previous infection was associated with only 
a transient increase in protection both against omicron 
BA.1 and BA.2 subvariants.12,15,16

Despite antigenic differences among omicron sub-
lineages, immunological data show robust neutralising 
antibody titres against BA.2 in the sera of people who 
have had previous infection with BA.1, with broader 
neutralising responses across variants in people who 
have also been vaccinated.23,24 Few studies to date have 
estimated real-word cross-protection. We found that 
previous omicron infection alone was associated with 
72% protection against BA.2 reinfection, and 82% when 
primary infection occurred 30–59 days earlier. In a 
preprint, Chemaitelly and colleagues25 evaluated cross-
sublineage protection against BA.2 reinfection 35 days 
or longer after primary infection and reported that BA.1 
was 95% protective against BA.2 reinfection during 
1–60 days of follow-up. The authors adjusted for, but did 
not stratify by, vaccine status, and did not show the 
difference in protection with natural immunity versus 
hybrid immunity. In their preprint, Andeweg and 
colleagues12 reported an estimated protection of about 
70% against BA.2 reinfection when the primary infection 
(without vaccination) occurred 30–59 days earlier, during 
omicron-dominant SARS-CoV-2 circulation, and thus 
indirectly measuring BA.1 and BA.2 cross-sublineage 
protection.12 The authors did not, however, report 
protection from hybrid immunity with two or three 
vaccine doses for primary infections that occurred 
during the omicron period.

In Quebec, as in many countries with high vaccine 
coverage, most cases during the omicron BA.1 surge 

were in people who had received two vaccine doses, as 
third-dose (booster) campaigns for the general population 
grew only in response to signals of omicron immune 
evasion and surge.6 This created a pool of recently 
infected or recently vaccinated people with hybrid 
immunity that was more closely homologous for the 
infection-induced component. In our population of 
health-care workers, previous omicron infection 
combined with two or three vaccine doses was associated 
with 96% protection against BA.2. Estimated protection 
was slightly higher against symptomatic infections, and 
only three hospitalisations were recorded. No other 
studies to date have directly examined the effect and 
duration of protection from hybrid BA.1 immunity 
against descendant omicron sublineages.

Reported protection against omicron reinfection 
conferred by previous pre-omicron infection waned with 
time since the last immunogenic event (primary infection 
or vaccination),15,16,26 with faster and more substantial 
waning among vaccinated people who had no previous 
primary infection.1 However, data interpretation is 
challenging due to overlapping changes in SARS-CoV-2 
variant circulation, vaccination deployment, and time 
since the priming event (primary infection or 
vaccination). In our study, we observed waning in the 
first 6 months following receipt of the second or third 
vaccine dose among people with a previous pre-omicron 
primary infection (from 88–89% to 72–77%), but not for 
those with previous omicron BA.1 primary infection 
during the shorter 5-month follow-up period (stable at 
96–97%). To our knowledge, no studies with longer 
follow-up have examined the duration of protection from 
natural or hybrid immunity conferred by omicron BA.1 
primary infection.

Our study has some limitations. We assigned BA.1 and 
BA.2 sublineages based on calendar time and provincial 
phylogenetic analysis and surveillance.5 We excluded 
weeks of delta and omicron cocirculation to specifically 
measure the effect of previous omicron infection, but 
still about 14% of infections during the study period 
might have been due to the omicron BA.1 sublineage,5 
which might have led to overestimation of omicron 
primary infection protection against BA.2 reinfection. 
We defined reinfections on the basis of a 30-day or longer 
interval between positive tests, because of data docu-
menting early BA.2 reinfections.10,11 Prolonged viral 
shedding might have been misclassified as reinfection,13 
but this would tend to underestimate the protection 
associated with previous BA.1 infection. Reassuringly, 
sensitivity analysis using the standard 90-day or longer 
interval did not change our estimates. Asymptomatic 
or pauci-symptomatic infections might have been 
undetected before or during omicron waves, which 
would also lead to underestimation of the protection 
induced by previous infection. Infection ascertainment 
bias should be low among the prioritised and repeatedly 
tested health-care workers who had easy and continuous 



Articles

10 www.thelancet.com/infection   Published online September 21, 2022   https://doi.org/10.1016/S1473-3099(22)00578-3

access to testing. Due to the low COVID-19 hospitalisation 
rate among health-care workers, the effect of primary 
infection severity as well as effectiveness against severe 
outcomes could not be estimated. Previous data indicate 
that protection should be higher and longer lasting 
against severe omicron disease.15,16 The proportion of 
health-care workers who were unvaccinated and had no 
previous primary infection, the comparator group for all 
analyses, was low (<2%), and unmeasured characteristics 
or exposure behaviours could have differed from 
the other groups, leading to residual confounding. 
Reassuringly, our estimates of vaccine and pre-omicron 
primary infection protection are in line with published 
evidence. Finally, the study was conducted among health-
care workers, such that results might not be generalisable 
to children, older people, or immunocompromised 
adults. Extrapolation of our results to newly circulating 
omicron BA.4 and BA.5 or other sublineages requires 
caution. BA.4 and BA.5 differ antigenically from BA.2 
and are even more distant from BA.1.24 BA.1 infection-
induced neutralising immunity seems less protective 
against newly dominating omicron BA.5 than BA.2,27 but 
preprints from epidemiological studies in Portugal and 
Qatar suggest that hybrid protection against BA.4 and 
BA.5 conferred by omicron primary infection and 
vaccination also remains high at 76–80%.28,29 Ongoing 
evaluation of heterologous cross-protection (infection 
and infection plus vaccine-induced hybrid immunity) 
against emerging dominant variants and subvariants, 
including within and between lineages, remains 
important in informing real-time vaccination programme 
adjustments.

Hundreds of millions of people worldwide have 
already been infected with SARS-CoV-2, with over half 
having accrued since omicron emergence alone, and 
much of the global population have by now also 
received two vaccine doses.30 In that context, our 
findings have important implications for preparedness 
and response to future epidemic waves, including 
immunisation pro gramme recommendations. If also 
applicable to other populations and emerging omicron 
subvariants, our findings of substantial and sustained 
omicron BA.1 hybrid protection against BA.2 among 
health-care workers suggest that people with previous 
omicron infection who have received two vaccine doses 
might be well protected against omicron reinfection. 
For such individuals, additional vaccine doses might 
provide only marginal added benefit against subse-
quent omicron infections and severe outcomes. In 
that context, available vaccine doses might be better 
prioritised for protecting people who are more vulner-
able globally.
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Key Points

Question

How much does prior heterologous non-Omicron SARS-CoV-2 infection, with and without mes-
senger RNA (mRNA) vaccination, reduce Omicron reinfection risk?

Findings

In this test-negative case-control study with 696 439 participants aged 12 years and older,
prior non-Omicron SARS-CoV-2 infection was associated with 44% and 81% reductions in the
risk of Omicron infection and associated hospitalization, respectively. Protection against
Omicron-associated hospitalization was sustained and improved among individuals who re-
ceived 1 (86%), 2 (94%), or 3 (97%) mRNA vaccine doses.

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/
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Meaning

These �indings suggest that for twice-vaccinated individuals with prior non-Omicron SARS-CoV-
2 infection, a third mRNA vaccine dose may add limited protection against Omicron-associated
hospitalization.

Abstract

Importance

The Omicron variant is phylogenetically and antigenically distinct from earlier SARS-CoV-2 vari-
ants and the original vaccine strain. Protection conferred by prior SARS-CoV-2 infection against
Omicron reinfection, with and without vaccination, requires quanti�ication.

Objective

To estimate the protection against Omicron reinfection and hospitalization conferred by prior
heterologous non-Omicron SARS-CoV-2 infection and/or up to 3 doses of an ancestral, Wuhan-
like messenger RNA (mRNA) vaccine.

Design, Setting, and Participants

This test-negative, population-based case-control study was conducted between December 26,
2021, and March 12, 2022, and included community-dwelling individuals aged 12 years or
older who were tested for SARS-CoV-2 infection in the province of Quebec, Canada.

Exposures

Prior laboratory-con�irmed SARS-CoV-2 infection with or without mRNA vaccination.

Main Outcomes and Measures

The main outcome was laboratory-con�irmed SARS-CoV-2 reinfection and associated hospital-
ization, presumed to be associated with the Omicron variant according to genomic surveillance.
The odds of prior infection with or without vaccination were compared for case participants
with Omicron infection and associated hospitalizations vs test-negative control participants.
Estimated protection was derived as 1 − the odds ratio, adjusted for age, sex, testing indication,
and epidemiologic week. Analyses were strati�ied by severity and time since last non-Omicron
infection or vaccine dose.

Results

This study included 696 439 individuals (224 007 case participants and 472 432 control par-
ticipants); 62.2% and 63.9% were female and 87.4% and 75.5% were aged 18 to 69 years, re-
spectively. Prior non-Omicron SARS-CoV-2 infection was detected for 9505 case participants
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(4.2%) and 29 712 control participants (6.3%). Among nonvaccinated individuals, prior non-
Omicron infection was associated with a 44% reduction (95% CI, 38%-48%) in Omicron rein-
fection risk, which decreased from 66% (95% CI, 57%-73%) at 3 to 5 months to 35% (95% CI,
21%-47%) at 9 to 11 months postinfection and was below 30% thereafter. The more severe
the prior infection, the greater the risk reduction. Estimated protection (95% CI) against
Omicron infection was consistently signi�icantly higher among vaccinated individuals with prior
infection compared with vaccinated infection-naive individuals, with 65% (63%-67%) vs 20%
(16%-24%) for 1 dose, 68% (67%-70%) vs 42% (41%-44%) for 2 doses, and 83%
(81%-84%) vs 73% (72%-73%) for 3 doses. For individuals with prior infection, estimated
protection (95% CI) against Omicron-associated hospitalization was 81% (66%-89%) and in-
creased to 86% (77%-99%) with 1, 94% (91%-96%) with 2, and 97% (94%-99%) with 3
mRNA vaccine doses, without signs of waning.

Conclusions and Relevance

The �indings of this study suggest that vaccination with 2 or 3 mRNA vaccine doses among indi-
viduals with prior heterologous SARS-CoV-2 infection provided the greatest protection against
Omicron-associated hospitalization. In the context of program goals to prevent severe out-
comes and preserve health care system capacity, a third mRNA vaccine dose may add limited
protection in twice-vaccinated individuals with prior SARS-CoV-2 infection.

Introduction

In November 2021, the Omicron variant of SARS-CoV-2 emerged as a phylogenetically and anti-
genically distinct variant of concern (VOC). With its greater intrinsic transmissibility and capac-
ity for immunologic escape, the Omicron variant has had unprecedented spread even among
countries with high vaccine coverage, resulting in the most intense surge in infection since the
beginning of the COVID-19 pandemic.

Better understanding of the extent to which prior SARS-CoV-2 infection and/or vaccination
may have modulated risk during the Omicron variant surge is needed. In this population-based
analysis, we quanti�ied estimated protection associated with prior heterologous SARS-CoV-2
infection against Omicron reinfection and hospitalization, strati�ied by the timing and severity
of prior infection. We further assessed the protection of up to 3 doses of heterologous mes-
senger RNA (mRNA) ancestral Wuhan-like vaccine against Omicron infection among individuals
with or without prior SARS-CoV-2 infection.

Methods

This test-negative case-control study was conducted under the legal mandate of the National
Director of Public Health of Quebec under the Public Health Act, and thus participant consent
was waived. The Research Ethics Board of Centre Hospitalier Universitaire de Québec-
Université Laval Research Center also approved this study. The study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Study Design

1,2,3,4,5,6

https://www.equator-network.org/reporting-guidelines/strobe/
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This study included community-dwelling residents aged 12 years or older in the province of
Quebec, Canada. Specimens were collected between December 26, 2021, and March 12, 2022
(epidemiologic weeks 52 and 10, respectively), and SARS-CoV-2 infection was con�irmed with
nucleic acid ampli�ication testing (NAAT).

Case participants had a positive SARS-CoV-2 test result during the study period. Individuals
were censored upon �irst being identi�ied as a COVID-19 case. Control participants had a nega-
tive SARS-CoV-2 test result during the study period. For individuals with multiple negative test
results, a single negative specimen per individual was randomly selected.

Data Sources

In Quebec, NAAT was limited to prioritized groups during the �irst wave of the COVID-19 pan-
demic but was broadly accessible to the general population through community-based assess-
ment centers from July 1, 2020, to January 4, 2022. During the Omicron wave from January 5,
2022 onward, NAAT was restricted as a result of limited laboratory capacity and increased
availability of rapid antigen detection testing (RADT). Nucleic acid ampli�ication testing was
available to participants consulting or admitted to the hospital, to health care workers and
their families, and to residents in closed settings, but it was not routinely available to asympto-
matic contacts or individuals with a mild case.

Specimens were sampled from the provincial laboratory database, which includes all NAAT re-
sults for SARS-CoV-2 testing conducted in Quebec since the beginning of the pandemic. This
database also captures testing indications, including the following categories: (1) symptomatic,
tested in assessment centers; (2) symptomatic, in the emergency department or hospital; (3)
symptomatic, among health care workers; (4) asymptomatic, during outbreaks in care facilities
or closed settings; (5) asymptomatic, screening at hospital preadmission; (6) asymptomatic
contacts; (7) other asymptomatic; and (8) any other reason, combined.

Specimens within the provincial laboratory database were linked to 4 data sources through
unique personal identi�ication numbers. These sources were as follows: (1) a provincial immu-
nization registry that speci�ies vaccine status for all Quebec residents, including type, dates, and
number of doses; (2) a database of all COVID-19 cases reported to the public health depart-
ment, including demographic and clinical details; (3) an administrative hospitalization data-
base; and (4) VOC screening and/or whole-genome sequencing results.

Outcome and Primary Infection Definitions

The main outcome was any NAAT-con�irmed SARS-CoV-2 infection during the study period.
COVID-19 hospitalization was also assessed and was de�ined as admission for at least 24 hours
and within 14 days after a positive SARS-CoV-2 test result. Participants with a positive test re-
sult after hospitalization or during screening at hospital preadmission (according to testing in-
dication) were excluded.

Reinfection was de�ined as the �irst positive SARS-CoV-2 result during the study period identi-
�ied 90 days or more after a primary infection (PI).  Primary infection was de�ined as the �irst
positive specimen from the beginning of the pandemic. Individuals without such records in the
laboratory database were considered to not have a prior infection (or infection naive). Clinical

7

8
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information from the COVID-19 database was used to ascertain symptom presence and PI
severity (asymptomatic, symptomatic, or hospitalization). We excluded individuals for whom
SARS-CoV-2 reinfection was documented before December 26, 2021, and all specimens col-
lected within 90 days after a �irst positive specimen.

Variant of Concern Attribution

Variant of concern detection varied provincially in response to changing epidemic patterns,
case load, and laboratory capacity and to the pro�ile of emerging VOCs (eFigure 1 in the
Supplement).  For test-positive specimens collected between February 1 and October 8, 2021,
Alpha, Beta, Gamma, or Delta VOC status was based on individual-level genetic characterization
undertaken on all SARS-CoV-2 detections. Variant-of-concern status was otherwise presump-
tive based on provincial-level genomic surveillance. Primary infections were designated as pre-
VOC (occurring before February 1, 2021) or Delta (October 9 to December 12, 2021, the last
day of specimen collection meeting the ≥90-day reinfection de�inition). All infections during the
study period from December 26, 2021, to March 12, 2022, were assumed to be attributable to
the Omicron variant.

Vaccination Definitions

The publicly funded COVID-19 immunization campaign in Quebec began on December 14,
2020, with second vaccine doses deferred up to 16 weeks and third doses beginning in
December 2021 (eFigure 1 in the Supplement). Community-based vaccination sequentially pri-
oritized the oldest individuals to the youngest down to age 5 years.

Vaccination was de�ined at the specimen collection date. Single-dose mRNA vaccination was de-
�ined as receipt of 1 dose of the BNT162b2 (P�izer-BioNTech) or mRNA-1273 (Moderna) vac-
cine at least 21 days before specimen collection to ensure a full primary immune response.
Vaccination with 2 or 3 doses was de�ined as receipt at least 7 days before specimen
collection.  To exclude immunocompromised persons for whom a 4-week interval between
the second and third doses was recommended,  only participants receiving the third dose 90
days or more after the second dose were included per the more routine recommendation in
Quebec.

Exclusion Criteria

Specimens were excluded if they met any of the following criteria: if the reason for testing was
to con�irm COVID-19 recovery or a positive RADT result, if the vaccination date or interval be-
tween doses was invalid, if the �irst dose was received earlier than 21 days before testing or
the second or third doses were received earlier than 7 days before testing, or if a non-mRNA
vaccine such as AZD1222 (AstraZeneca) or Ad26.COV2.S (Johnson & Johnson/Janssen) was
received.

Statistical Analysis

9
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Data were analyzed from March 18, 2022, to April 15, 2022. Exposure was analyzed as a com-
bination of prior PI and vaccine receipt. Categories were as follows: PI, nonvaccinated (PI-NV);
PI before the �irst, second, or third vaccine dose (PI-V1, PI-V2, or PI-V3); PI after the �irst, sec-
ond, or third vaccine dose (V1-PI, V2-PI, or V3-PI); PI after the �irst but before the second vac-
cine dose (V1-PI-V2); PI after the �irst but before the second and third vaccine doses (V1-PI-
V3); and PI after the second but before the third vaccine dose (V2-PI-V3). Individuals with no
prior infection were also subcategorized as NI-NV, NI-V1, NI-V2, and NI-V3 based on the num-
ber of vaccine doses received (eFigure 2 in the Supplement).

The main comparator was the NI-NV group. The odds of having experienced PI with or without
vaccination (PI-NV, PI-V1, PI-V2, or PI-V3) or of NI with vaccination (NI-V1, NI-V2, or NI-V3)
were compared among case participants with Omicron infection or associated hospitalization
vs test-negative control participants. Post hoc analyses compared vaccinated individuals with
prior infection (PI-V1, PI-V2, or PI-V3) with the PI-NV group. Adjusted odds ratios (ORs) were
derived from logistic regression models controlling for age, sex, testing indication, and epi-
demiologic week. The same set of control participants was used to assess protection against
infection and hospitalization. Estimated protection was derived as 1 − adjusted OR with 95%
CIs.

Analyses were strati�ied by age group, PI severity and variant status, time since PI, and time
since last event (PI or vaccine dose). Participants with prior infection (PI-NV, PI-V1, PI-V2, or
PI-V3) were also directly compared with vaccinated individuals with no prior infection (NI-V1,
NI-V2, or NI-V3). Statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc).

Results

Study Population

Among 1 778 623 NAAT specimens obtained during the study period, data linkage was suc-
cessful for 1 754 358 (98.6%). After eligibility criteria and exclusions were applied (eFigure 3
in the Supplement) and 1 negative specimen per individual was randomly selected as the con-
trol, there were 696 439 individuals (224 007 test-positive case participants and 472 432 test-
negative control participants) included in the analyses.

Baseline Characteristics

Table 1 presents the baseline characteristics of case and control participants by prior PI status.
Of the 224 007 case participants and 472 432 control participants, most were female (62.2% vs
63.9%) and were aged 18 to 69 years (87.4% vs 75.5%).

Among case participants identi�ied during the study period, there were 9505 (4.2%) reinfec-
tions (Table 2). With respect to case participant vaccination status, 17 633 (7.9%) overall were
NI-NV but most (142 326 [63.5%]) were NI-V2. Conversely, 915 (0.4%) were PI-NV and 347
(0.2%) and 8243 (3.7%) were vaccinated before and after PI, respectively. Among the 5057
case participants with COVID-19 hospitalizations during the study period, there were 64
(1.3%) with prior PIs; no deaths were identi�ied among case participants with prior PI.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t2/
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Primary infection was identi�ied in 29 712 of 472 432 control participants (6.3%) during the
study period (Table 2). With respect to control participant vaccination status, 20 997 (4.4%)
were NI-NV but most (230 636 [48.8%]) were NI-V3. Conversely, 1817 (0.4%) were PI-NV and
1889 (0.4%) and 26 006 (5.5%) were vaccinated before and after PI, respectively.

Of the 9505 case participants with reinfection, 7424 (78.1%) prior PIs were genetically catego-
rized as pre-VOC. This result likely re�lects a longer period for accrual (notably, prevaccine roll-
out) compared with Alpha, Delta, or other or unknown VOC circulation, which comprised 613
(6.5%), 253 (2.7%), and 1215 (12.8%) PIs, respectively (Table 1). The median (IQR) specimen
collection interval between PI and case or control detection was similar (407 [354-480] vs 414
[356-514] days, respectively).

Prior Infection–Associated Protection Against Omicron Reinfection, Without Vaccination

Without vaccination, non-Omicron PI was associated with a 44% reduction (95% CI, 38%-48%)
in Omicron reinfection risk (Table 3). The more severe the prior infection, the greater the
Omicron risk reduction. Estimated protection (95% CI) of 8% (−17%-28%), 43% (37%-49%),
and 68% (51%-80%) for prior asymptomatic, symptomatic ambulatory, or hospitalized infec-
tions was also evident among vaccinated individuals. Protection associated with asymptomatic
infection alone was evident for the �irst 6 months (49% [95% CI, 8%-72%]) but not thereafter
(Table 4).

Protection associated with PI varied by VOC status. Estimated adjusted protection (95% CI)
was 29% (20%-37%), 44% (26%-57%), and 67% (57%-75%) for pre-VOC, Alpha, and Delta,
respectively (Table 4). However, this result may also re�lect waning over differential time since
variant-speci�ic circulation. Estimated protection decreased from 66% (57%-73%) at 3 to 5
months postinfection, re�lecting the more proximal Delta period, to 49% (32%-61%) at 6 to 8
months when Alpha foremost contributed, and to 35% (21%-47%) at 9 to 11 months and then
remained below 30% thereafter, re�lecting the more distant pre-VOC period (eFigure 4 in the
Supplement).

Estimated Vaccine Protection Against Omicron Reinfection

Estimated vaccine protection against Omicron infection was consistently signi�icantly higher
among vaccinated individuals with prior infection vs vaccinated but infection-naive individuals.
Adjusted estimated protection (95% CI) was 65% (63%-67%) vs 20% (16%-24%) for 1 dose,
68% (67%-70%) vs 42% (41%-44%) for 2 doses, and 83% (81%-84%) vs 73% (72%-73%)
for 3 doses (Table 3). For the same number of doses, protection against reinfection was similar
whether the prior infection came before, between, or after vaccination (Figure).

Receipt of 2 vaccine doses was associated with signi�icantly lower adjusted estimated protec-
tion (95% CI) than 3 doses among both individuals with (68% [67%-70%] vs 83%
[81%-84%]) and without (42% [41%-44%] vs 73% [72%-73%]) prior infection, recognizing
longer median follow-up time (IQR) since the second vs third dose among both individuals
with (158 [122-185] vs 27 [16-46] days) and without (173 [148-194] vs 37 [20-60] days)
prior infection (not shown). Compared with unvaccinated individuals with prior infection, re-
ceipt of 1, 2, or 3 vaccine doses was associated with adjusted estimated protection (95% CI) of
40% (33%-46%), 45% (40%-50%), and 70% (67%-73%), respectively (Table 3).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t1/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/figure/zoi221041f1/
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Among individuals with prior infection, lower estimated protection after 1 or 2 vs 3 doses may
be attributed in part to waning over differential time since vaccination. When standardized for
the �irst 2 months postvaccination, adjusted estimated protection (95% CI) was similar for 1, 2,
and 3 doses at 81% (74%-86%), 82% (80%-84%), and 83% (81%-84%), respectively, com-
pared with unvaccinated infection-naive individuals and 67% (55%-76%), 72% (67%-76%),
and 73% (69%-76%), respectively, compared with unvaccinated individuals with prior infec-
tion. At 2 to 5 months and compared with NI-NV individuals, 1- and 2-dose adjusted estimated
protection (95% CI) was 64% (60%-67%) and 67% (65%-68%), which was lower than the 3-
dose estimate (80% [76%-84%]), and ranged from 60% to 65% among 2-dose recipients
thereafter. Similar differences were observed in estimated vaccine protection relative to PI-NV
(Table 4; eFigure 4 and eTable in the Supplement).

Infection and/or Vaccine-Associated Protection Against Omicron-Associated Hospitalization

Without vaccination, prior non-Omicron infection was associated with an 81% (95% CI,
66%-89%) reduction in Omicron-associated hospitalization risk (Table 3). Given the high level
of infection-associated protection and vaccine coverage, the sample size was limited to further
stratify by time since or severity of prior infection.

Estimated protection against Omicron-associated hospitalization was consistently signi�icantly
higher among vaccinated individuals with prior infection vs vaccinated infection-naive individu-
als. Adjusted estimated protection (95% CI) was 86% (77%-91%) vs 52% (42%-61%) for 1
dose, 94% (91%-96%) vs 76% (74%-78%) for 2 doses, and 97% (94%-99%) vs 91%
(91%-92%) for 3 doses.

With regard to hospitalization, adjusted estimated protection (95% CI) for 2 doses was similar
to 3 doses among individuals with prior infection compared with NI-NV (94% [91%-96%] vs
97% [94%-99%]) and was nonsigni�icantly lower compared with PI-NV (70% [39%-85%] vs
85% [62%-94%]). This result recognizes longer median follow-up time since the second vs
third dose, as discussed earlier (Table 3).

Among individuals with prior infection, 2-dose estimated protection (95% CI) against hospital-
ization was similar at less than 6 months and at 6 to 11 months postvaccination (95%
[92%-97%] vs 93% [86%-96%]). Among individuals without prior infection, a signi�icant de-
cline in 2-dose estimated vaccine protection was observed (81% [79%-83%] vs 73%
[71%-75%], respectively).

Discussion

In this case-control study, we observed that a single prior heterologous, non-Omicron SARS-
CoV-2 infection, without vaccination, was associated with a reduction in subsequent Omicron
reinfection risk by nearly half. In addition, this reduction was as much as two-thirds during the
�irst 6 months and one-third 9 to 11 months after the prior PI. The more severe the PI, the
greater the cross-protection against Omicron. Prior infection alone was associated with an ap-
proximately 80% reduction in Omicron-associated hospitalization risk, but better protection
was associated with the combined presence of prior infection and vaccination (ie, hybrid pro-
tection), reaching 94% with 2 doses and improving only marginally to 97% with 3 doses.
Overall, for the same number of vaccine doses, prior infection was associated with approxi-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/table/zoi221041t3/


31/10/22, 09:59 Estimated Protection of Prior SARS-CoV-2 Infection Against Reinfection With the Omicron Variant Among Messenger RNA–Va…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/?report=printable 10/23

mately 70% to 80% better protection against hospitalization compared with no prior infection.
These observations suggest that absent prior infections and/or vaccination, the population im-
pact of the Omicron surge may have been much worse.

Epidemiologic studies conducted during the pre-Omicron period showed that prior infection
(without vaccination) reduced the risk of reinfection with the same or different variants by
80% to 100%, with minimal waning after 1 year.  Few studies have quanti�ied prior
infection-induced protection against Omicron, but our �indings seem consistent with those
available. In Qatar, prior infection was reported to be 56% effective against Omicron reinfec-
tion and 88% effective against hospitalization, which was comparable against reinfection at 3
to 8 months (64%) and 15 months or more (60%) postinfection.  A Czech study reported a
decline in infection-induced protection against reinfection from 68% at 2 to 6 months to 13% 
more than 6 months later, although protection against hospitalization was 87% and well main-
tained.  Overall, strong and sustained protection from prior heterologous infection against se-
vere Omicron outcomes, including the absence of Omicron-associated deaths among survivors
of prior infection, seems to be a common interpretation across the few available studies to
date, including ours.

One contribution of this study is our demonstration that prior asymptomatic infection was also
protective, reducing Omicron reinfection risk by approximately half during the �irst 6 months.
Thereafter, unvaccinated individuals with asymptomatic infection had no protective advantage
compared with infection-naive individuals. During the pre-Omicron period, the �indings of a
Danish cohort study suggested that individuals with prior infection who experienced prior
asymptomatic vs symptomatic infection had a 50% higher risk of Delta reinfection.

Our �indings suggest that prior heterologous SARS-CoV-2 infection conferred protection
against Omicron reinfection (44%) and hospitalization (81%) that was comparable to out-
comes after 2 doses of heterologous mRNA vaccine among individuals without prior infection
(42% and 76%, respectively). Similar observations have been reported elsewhere during the
pre-Omicron period, although these were not fully consistent across studies.
During the Omicron period, 2 studies from Qatar suggested that higher protection against
symptomatic Omicron reinfection was conferred by prior infection vs 2-dose vaccination.
In contrast, investigators from the Netherlands reported lower protection from prior infection
(25% [95% CI, 21%-29%]) vs 2-dose vaccination (33% [31%-35%]).  Additional studies are
needed to clarify these comparisons, recognizing the challenge in standardization based on
time since last event (infection or vaccination).

In immunogenicity studies conducted during the pre-Omicron period, investigators reported
that a single BNT162b2 vaccine dose among individuals with prior infection elicited robust an-
tibody and T-cell responses, exceeding the 2-dose response in infection-naive
individuals.  In epidemiologic studies conducted before the emergence of the Omicron
variant, hybrid immunity with 1 or 2 mRNA doses similarly reduced pre-Omicron reinfection
risk by 60% to 80% compared with natural immunity, which persisted for up to 9
months,  and exceeded 90% relative to unvaccinated infection-naive individuals.

Perhaps not unexpectedly, we observed that prior infection improved vaccine protection (and
vice versa) during the Omicron period. This result is consistent with the albeit limited epidemi-
ologic evidence elsewhere pertaining to hybrid protection against Omicron infection.
Among US health care workers with prior infection, 2-dose mRNA vaccination reduced the risk

16,17,18,19,20

21

22

21,22

23

19,24,25,26,27,28,29

30,31

32

33,34,35,36

18,37,38 16

22,36,39



31/10/22, 09:59 Estimated Protection of Prior SARS-CoV-2 Infection Against Reinfection With the Omicron Variant Among Messenger RNA–Va…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9568797/?report=printable 11/23

of symptomatic Omicron reinfection by 64% relative to the once or never-vaccinated (com-
bined) group, similar to our 2-dose estimate of 68% relative to infection-naive, never-vacci-
nated individuals.  Among US adults with prior infection, Omicron-associated hospitalization
risk was reduced among the vaccinated vs unvaccinated by 33%, 35%, and 68% with 1, 2, and
3 mRNA doses, respectively.  The latter contrasts with our �indings suggesting that among in-
dividuals with prior infection, a third dose did not meaningfully improve the already-substan-
tial 2-dose protection against Omicron-associated hospitalization (97% vs 94%) that was fur-
thermore sustained for more than 1 year.

Limitations

This study has some limitations. Notably, unrecognized or undocumented PIs may have led to
underestimation of infection-induced protection, particularly for pre-VOC infections during the
�irst wave when test access was limited. RADT, which was only available to the general popula-
tion during the Omicron wave, may have reduced the detection of NAAT-con�irmed infections,
but this lack of sensitivity is unlikely to have biased the estimates.  Although we could not con-
trol for the bias of differential virus exposure,  similar patterns identi�ied when protected
groups were compared directly (eg, prior infection and vaccinated vs no infection and vacci-
nated) are reassuring. Immunocompromised individuals were prioritized for an early third
dose in Quebec.  To limit underestimation of 3-dose estimated vaccine protection associated
with their potentially suboptimal immune responses,  we excluded specimens from people
revaccinated at an interval of less than 90 days between the second and third doses. Our re-
sults apply to individuals who survived PI; less than 1% of NAAT-con�irmed case participants
died, so their exclusion did not meaningfully in�luence our estimates. Our �indings re�lect het-
erologous infection- and/or vaccine-induced protection; homologous protection is anticipated
to be higher.  It was not possible to distinguish variation in protection based on VOC-speci�ic
PI vs time since PI because they were highly correlated.

Conclusions

The �indings of this case-control study suggest that vaccination with 2 or 3 doses among indi-
viduals with prior heterologous SARS-CoV-2 infection provided the greatest protection against
severe outcomes as a result of Omicron reinfection. In the context of program goals to prevent
severe outcomes and preserve health care system capacity, our �indings further suggest that a
third mRNA vaccine dose may add limited protection in twice-vaccinated individuals with prior
infection. Pending vaccine updates, such doses may be better prioritized to more vulnerable
individuals globally.

Notes
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Supplement.

eTable. Estimated Vaccine Protection Against Omicron Reinfection Among Individuals With Prior SARS-CoV-2 Infection

Strati�ied by Age and Primary Infection Characteristics, Relative to Nonvaccinated Individuals With Primary SARS-CoV-
2 Infection

eFigure	1. Epidemiologic Curve of Reported SARS-CoV-2 Cases and Vaccination Coverage in Quebec, Canada, Displayed
by Month and Predominant Variant-of-Concern Periods

eFigure	2. Exposure Categories De�ined by Prior Primary SARS-CoV-2 Infection and Vaccination Histories

eFigure	3. Participant Flowchart

eFigure	4. Estimated Protection of Primary SARS-CoV-2 (Non-Omicron) Infection Against Omicron Reinfection, by
Time Since Last Event (Primary Infection or Vaccination), Relative to No Vaccination and No Infection History
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Table 1.

Characteristics	of	Omicron	Case	and	Control	Participants	Strati�ied	by	Primary	SARS-CoV-2	(Non–Omicron

Variant)	Infection	History
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Characteristic Participant	group

Cases	(n = 224 007),	No.	(%) Controls	(n = 472 432),	No.	(%)

Prior	non-
Omicron	PI	(n 

= 9505)

No	prior
infection	(n = 

214 502)

Prior	non-
Omicron	PI	(n = 

29 712)

No	prior
infection	(n = 

442 720)

Sex

Female 6681 (70.3) 132 726 (61.9) 20 668 (69.6) 281 290 (63.5)

Male 2824 (29.7) 81 776 (38.1) 9044 (30.4) 161 430 (36.5)

Age, y

12-17 321 (3.4) 11 940 (5.6) 886 (3.0) 13 756 (3.1)

18-49 7120 (74.9) 137 679 (64.2) 18 845 (63.4) 211 324 (47.7)

50-69 1789 (18.8) 49 302 (23.0) 7668 (25.8) 119 015 (26.9)

≥70 275 (2.9) 15 581 (7.3) 2313 (7.8) 98 625 (22.3)

Health care worker 3821 (40.2) 45 251 (21.1) 12 952 (43.6) 98 571 (22.3)

Year and epidemiologic week of
specimen collection (calendar start and

end dates)

2021-2022

52 (Dec 26-Jan 1) 2599 (27.3) 70 753 (33.0) 6109 (20.6) 90 962 (20.6)

2022

1 (Jan 2-8) 2460 (25.9) 54 928 (25.6) 5255 (17.7) 71 372 (16.1)

2-4 (Jan 9-29) 2583 (27.2) 46 624 (21.7) 8735 (29.4) 117 801 (26.6)

5-7 (Jan 30-Feb 19) 1258 (13.2) 27 980 (13.0) 5763 (19.4) 91 917 (20.8)

8-10 (Feb 20-Mar 12) 605 (6.4) 14 217 (6.6) 3850 (13.0) 70 668 (16.0)

Testing indication

Symptomatic

Assessment center 3233 (34.0) 102 260 (47.7) 4050 (13.6) 74 839 (16.9)

Emergency department 284 (3.0) 12 551 (5.9) 2000 (6.7) 46 267 (10.5)

Health care worker 3262 (34.3) 49 111 (22.9) 4117 (13.9) 46 454 (10.5)

Asymptomatic

Closed-setting outbreak 1009 (10.6) 13 935 (6.5) 7776 (26.2) 88 078 (19.9)

Hospital preadmission 270 (2.8) 8157 (3.8) 4450 (15.0) 102 848 (23.2)

Contact 687 (7.2) 17 095 (8.0) 2608 (8.8) 39 056 (8.8)

Other 505 (5.3) 5406 (2.5) 3396 (11.4) 28 075 (6.3)

Abbreviations: NA, not applicable; PI, primary infection; VOC, variant of concern.

Other and/or unknown indicates PI during periods with mixed VOC circulation without individual-level genotyping or
identi�ied to be Beta (n = 2) or Gamma (n = 5).

a 
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Table 2.

Omicron	Variant	Case	and	Control	Participants	Strati�ied	by	Outcome	Severity	and	Primary	SARS-CoV-2	(Non–

Omicron	Variant)	Infection	and	Vaccination	History

Exposure Participant	group

Cases	(n = 224 007),	No.	(%) Controls	(n =	472 

432),	No.	(%)

All	(n =	696 

439),	No.	(%)Infections	(n = 

224 007)

Hospitalizations

(n = 5057)

Deaths	(n 

=	920)

Prior (non-Omicron)

SARS-CoV-2 PI

9505 (4.2) 64 (1.3) 0 29 712 (6.3) 39 217 (5.6)

PI-NV 915 (0.4) 13 (0.3) 0 1817 (0.4) 2732 (0.4)

Vaccination after PI 8243 (3.7) 48 (0.9) 0 26 006 (5.5) 34 249 (4.9)

PI-V1 2102 (0.9) 18 (0.4) 0 4906 (1.0) 7008 (1.0)

PI-V2 5038 (2.3) 23 (0.5) 0 13 942 (3.0) 18 980 (2.7)

PI-V3 1103 (0.5) 7 (0.1) 0 7158 (0.2) 8261 (1.2)

Vaccination before PI 347 (0.2) 3 (0.1) 0 1889 (0.4) 2236 (0.3)

V1-PI 13 (<0.1) 0 0 54 (<0.1) 67 (<0.1)

V2-PI 107 (0.1) 1 (<0.1) 0 474 (0.1) 581 (0.1)

V3-PI 2 (<0.1) 0 0 5 (<0.1) 7 (<0.1)

V1-PI-V2 123 (0.1) 1 (<0.1) 0 385 (0.1) 508 (0.1)

V1-PI-V3 66 (<0.1) 1 (<0.1) 0 485 (0.1) 551 (0.1)

V2-PI-V3 36 (<0.1) 0 0 486 (0.1) 522 (0.1)

NI with prior SARS-

CoV-2 infection

Any 214 502 (95.8) 4993 (98.7) 920 (100) 442 720 (93.7) 657 222 (94.4)

NI-NV 17 633 (7.9) 1399 (27.7) 240 (26.1) 20 997 (4.4) 38 630 (5.6)

NI-V1 3899 (1.7) 146 (2.9) 32 (3.5) 5307 (1.1) 9206 (1.3)

NI-V2 142 326 (63.5) 2140 (42.3) 377 (41.0) 185 780 (39.3) 328 106 (47.1)

NI-V3 50 644 (22.6) 1308 (25.9) 271 (29.5) 230 636 (48.8) 281 280 (40.4)

Abbreviations: NI, no prior infection; NI-NV, no prior infection, nonvaccinated; NI-V1, NI-V2, or NI-V3, no prior infec-
tion, 1, 2, or 3 vaccine doses; PI, primary infection; PI-NV, prior infection, nonvaccinated; PI-V1, prior infection before 1
vaccine dose; PI-V2, prior infection before 2 vaccine doses; PI-V3, prior infection before 3 vaccine doses; V1-PI, prior

infection after 1 vaccine dose; V1-PI-V2, prior infection after the �irst but before the second vaccine dose; V1-PI-V3,
prior infection after the �irst but before the second and third vaccine doses; V2-PI, prior infection after 2 vaccine doses;
V2-PI-V3, prior infection after the second but before third vaccine dose; V3-PI, prior infection after 3 vaccine doses.

Hospitalizations (n = 1749) and deaths (n = 139) among participants who had “preadmission to a health facility” as a
testing indication were excluded.

a a

a 
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Table 3.

Primary	SARS-CoV-2	(Non–Omicron	Variant)	Infection–Induced	Estimated	Protection	Against	Omicron

Reinfection	and	Hospitalization	Among	Vaccinated	Individuals	(by	Number	of	Doses),	Relative	to
Nonvaccinated	Individuals	With	or	Without	Infection	History

Exposure Estimated	protection,	%	(95%	CI)

Omicron	infection Omicron-associated	hospitalization

Unadjusted Adjusted Unadjusted Adjusted

Compared	with	nonvaccinated	individuals	without	prior	infection

No prior infection

Unvaccinated 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Vaccinated

1 dose 12 (8 to 16) 20 (16 to 24) 60 (53 to 67) 52 (42 to 61)

2 doses 9 (7 to 11) 42 (41 to 44) 86 (85 to 87) 76 (74 to 78)

3 doses 74 (73 to 74) 73 (72 to 73) 92 (92 to 93) 91 (91 to 92)

Prior primary infection

Unvaccinated 40 (35 to 45) 44 (38 to 48) 90 (83 to 94) 81 (66 to 89)

Vaccinated

1 dose 49 (46 to 52) 65 (63 to 67) 96 (93 to 97) 86 (77 to 91)

2 doses 57 (55 to 59) 68 (67 to 70) 98 (97 to 99) 94 (91 to 96)

3 doses 82 (80 to 83) 83 (81 to 84) 99 (98 to 99) 97 (94 to 99)

Compared	with	nonvaccinated	individuals	with	prior	infection

Prior primary infection

Unvaccinated 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Vaccinated

1 dose 15 (6 to 23) 40 (33 to 46) 57 (13 to 79) 25 (−56 to 64)

2 doses 28 (22 to 34) 45 (40 to 50) 81 (63 to 91) 70 (39 to 85)

3 doses 69 (66 to 72) 70 (67 to 73) 89 (71 to 95) 85 (62 to 94)

Logistic regression models were adjusted for age (12-17, 18-49, 50-69, and ≥70 years), sex, testing indication, and
epidemiologic week.

a

a 
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Table 4.

Primary	Non-Omicron	SARS-CoV-2	Infection–Induced	Estimated	Protection	Against	Omicron	Reinfection

Among	Vaccinated	and	Nonvaccinated	Individuals	(by	Number	of	Doses	After	Primary	Infection)	Strati�ied	by
Age	and	Primary	Infection	Characteristics,	Relative	to	Nonvaccinated	Individuals	With	No	Infection	History
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Characteristic Adjusted	estimated	protection,	%	(95%	CI)

PI-NV PI-V1 PI-V2 PI-V3

Total 44 (38 to 48) 65 (63 to 67) 68 (67 to 70) 83 (81 to 84)

Age, y

12-17 57 (36 to 71) 78 (70 to 83) 79 (74 to 93) 96 (65 to 99)

18-49 44 (29 to 43) 62 (60 to 65) 67 (65 to 68) 79 (77 to 81)

50-69 51 (38 to 60) 71 (66 to 75) 72 (69 to 74) 86 (83 to 88)

≥70 46 (16 to 65) 79 (65 to 87) 67 (60 to 73) 81 (75 to 86)

VOC status of prior PI

Pre-VOC 29 (20 to 37) 62 (59 to 64) 67 (65 to 69) 81 (79 to 82)

Alpha 44 (26 to 57) 73 (68 to 78) 75 (71 to 79) 92 (84 to 96)

Delta 67 (57 to 75) 73 (61 to 82) 87 (70 to 94) NE

Other and/or unknown 50 (38 to 60) 70 (64 to 74) 69 (65 to 72) 86 (81 to 90)

Prior PI severity

Asymptomatic 8 (−17 to 28) 40 (28 to 50) 43 (36 to 49) 66 (59 to 73)

Symptomatic

Nonhospitalized 43 (37 to 49) 66 (64 to 68) 70 (68 to 71) 82 (81 to 84)

Hospitalized 68 (51 to 80) 79 (67 to 86) 77 (72 to 82) 87 (80 to 91)

Interval since prior PI, mo

3-5 66 (57 to 73) 73 (64 to 80) 88 (76 to 94) NE

6-8 49 (32 to 61) 76 (70 to 80) 78 (74 to 81) 89 (70 to 96)

9-11 35 (21 to 47) 65 (61 to 69) 68 (65 to 70) 85 (81 to 89)

12-18 29 (17 to 38) 61 (58 to 64) 67 (65 to 69) 80 (78 to 82)

19-24 27 (8 to 42) 61 (55 to 67) 67 (64 to 70) 80 (78 to 82)

Severity of and interval since prior PI, mo

Asymptomatic

<6 49 (8 to 72) 66 (17 to 86) NE NE

≥6 −5 (−36 to 20) 39 (26 to 49) 42 (35 to 49) 66 (59 to 73)

Symptomatic

Nonhospitalized

<6 67 (57 to 74) 73 (63 to 81) 88 (76 to 94) NE

≥6 37 (29 to 43) 66 (63 to 68) 69 (68 to 71) 82 (81 to 84)

Hospitalized

6 81 (52 t 92) 84 (23 t 97) 73 ( 162 t 97) NE
Abbreviations: NA, nonapplicable; NE, nonestimable; PI, primary infection; PI-NV, prior infection nonvaccinated; PI-V1,
prior infection before 1 vaccine dose; PI-V2, prior infection before 2 vaccine doses; PI-V3, prior infection before 3 vac-

cine doses; VOC, variant of concern.

Logistic regression models compared vaccinated and unvaccinated persons with prior PI with unvaccinated

individuals without prior PI. All estimates were adjusted for age (12-17, 18-49, 50-69, and ≥70 years), sex, testing
indication, and epidemiologic week.

Case participants without genotyping during periods with mixed circulation or case participants with the Beta (n = 2)

or Gamma (n = 5) variant.

a

b

a 

b 
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Models strati�ied for delay from last vaccination were not adjusted for epidemiologic week because of an insuf�icient
number of case participants in each stratum and high correlation between delay and epidemiologic week for those

vaccinated with 3 doses.

Figure.

Prior	SARS-CoV-2	Infection	and	Messenger	RNA	Vaccine	Effectiveness	Against	Omicron	Reinfection	in	Quebec,
Canada,	by	Number	of	Doses	and	Timing

Logistic regression models compared vaccinated and unvaccinated persons with prior infection (PI) with unvaccinated
individuals without PI. All estimates were adjusted for age (12-17, 18-49, 50-69, and ≥70 years), sex, testing indication,
and epidemiologic week. PI-NV indicates prior infection, nonvaccinated; PI-V1, PI-V2, or PI-V3, prior infection before 1,

2, or 3 vaccine doses, respectively; V1-PI, prior infection after 1 vaccine dose; V1-PI-V2, prior infection after the �irst
but before the second vaccine dose; V1-PI-V3, prior infection after the �irst but before the second and third vaccine
doses; V2-PI, prior infection after 2 vaccine doses; V2-PI-V3, prior infection after the second but before the third vac-

cine dose. Error bars indicate 95% CIs.
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Risk of reinfection, vaccine protection, and severity of 
infection with the BA.5 omicron subvariant: a nation-wide 
population-based study in Denmark
Christian Holm Hansen, Nikolaj Ulrik Friis, Peter Bager, Marc Stegger, Jannik Fonager, Anders Fomsgaard, Mie Agermose Gram, 
Lasse Engbo Christiansen, Steen Ethelberg, Rebecca Legarth, Tyra Grove Krause, Henrik Ullum, Palle Valentiner-Branth

Summary
Background Estimates of immunity and severity for the SARS-CoV-2 omicron subvariant BA.5 are important to assess 
the public health impact associated with its rapid global spread despite vaccination. We estimated natural and vaccine 
immunity and severity of BA.5 relative to BA.2 in Denmark, a country with high mRNA-vaccination coverage and 
free-of-charge RT-PCR testing.

Methods This nation-wide population-based study in Denmark included residents aged 18 years or older who had 
taken an RT-PCR test between 10 April and 30 June, 2022 (ie, the outcome period), and who the national COVID-19 
surveillance system identified as having information since February 2020 on RT-PCR tests, whole-genome sequencing, 
vaccinations, and hospitalisation with a positive RT-PCR test and COVID-19 as the main diagnosis. First, we used a 
case–control design, in which cases were people infected with BA.5 or BA.2 during the outcome period and controls 
were people who tested negative for SARS-CoV-2 infection during the outcome period. We calculated the protection 
provided by a previous PCR-confirmed omicron infection against BA.5 and BA.2 infection and hospitalisation among 
triple-vaccinated individuals. Second, we compared vaccination status in people infected with BA.5 versus BA.2 and 
estimated relative vaccine protection against each subvariant. Third, we compared rates of hospitalisation for 
COVID-19 among people infected with BA.5 versus BA.2. We estimated effects using logistic regression with 
adjustment for sex, age, region, PCR-test date, comorbidity and, as appropriate, vaccination and previous infection 
status.

Findings A total of 210 (2·4%) of 8678 of BA.5 cases, 192 (0·7%) of 29 292 of BA.2 cases, and 33 972 (19·0%) of 
178 669 PCR-negative controls previously had an omicron infection, which was estimated in the adjusted analyses to 
offer 92·7% (95% CI 91·6–93·7) protection against BA.5 infection and 97·1% (96·6–97·5) protection against 
BA.2 infection. We found similarly high amounts of protection against hospitalisation owing to infection with 
BA.5 (96·4% [95% CI 74·2–99·5]) and BA.2 (91·2% [76·3–96·7]). Vaccine coverage (three mRNA doses vs none) was 
9307 (94·2%) of 9878 among BA.5 cases and 30 581 (94·8%) of 32 272 among BA.2 cases, although in the adjusted 
analysis, there was a trend towards slightly higher vaccination coverage among BA.5 cases than BA.2 cases (OR 1·18 
[95% CI 0·99–1·42]; p=0·064), possibly suggesting marginally poorer vaccine protection against BA.5. The rate of 
hospitalisation due to COVID-19 was higher among the BA.5 cases (210 [1·9%] of 11 314) than among the BA.2 cases 
(514 [1·4%] of 36 805), with an OR of 1·34 (95% CI 1·14–1·57) and an adjusted OR of 1·69 (95% CI 1·22–2·33), 
despite low and stable COVID-19 hospitalisation numbers during the study period. 

Interpretation The study provides evidence that a previous omicron infection in triple-vaccinated individuals provides 
high amounts of protection against BA.5 and BA.2 infections. However, protection estimates greater than 90% might 
be too high if individuals with a previous infection were more likely than those without one to come forward for a test 
for reasons other than suspicion of COVID-19. Our analysis also showed that vaccine protection against BA.5 infection 
was similar to, or slightly weaker than, protection against BA.2 infection. Finally, there was evidence that 
BA.5 infections were associated with an increased risk of hospitalisation compared with BA.2 infections.

Funding There was no funding source for this study.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
The SARS-CoV-2 omicron BA.5 subvariant has spread 
rapidly globally, including in Denmark despite high 
vaccination coverage and a large proportion of the 
population previously infected with omicron subvariants 
BA.1 and BA.2. The variant BA.5 was first observed in 

cocirculation with BA.4 in South Africa,1 where it caused 
a fifth wave of SARS-CoV-2 infections during April and 
May 2022; it also caused a large infection surge 
in May, 2022 Portugal.2

BA.5 has acquired characteristic mutations in the spike 
protein, including the L452R, F486V mutations, and a 

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(22)00595-3&domain=pdf
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Q493 reversion, all in the receptor-binding domain. The 
L452R mutation was most notably present in the delta 
variant and has been shown to help SARS-CoV-2 variants 
to evade cellular and humoral immunity and increase 
infectivity.3 Although BA.5 is clearly highly transmissible, 
evidence is less clear about its virulence relative to other 
omicron subvariants. Experiences from South Africa 
suggest that BA.5 does not increase COVID-19 disease 
severity compared with BA.1 and BA.2, as measured by 
the number of hospital admissions and in-hospital 
deaths during the BA.4–BA.5 wave.4 A situational report5 
from Portugal also found no evidence of increased risk of 
hospitalisation with BA.5 compared with earlier omicron 
subvariants (measured as the crude rate ratio of hospital 
admissions per case notification). At the same time, both 
South Africa and Portugal have experienced a rise in all-
cause excess mortality during the period of 
BA.5 predominance.5,6 Overall, omicron (B.1.529) 
replicates most efficiently in the upper parts of the 
respiratory tract7 and is associated with less severe 
disease compared with previous variants of concern.8 

However, a study9 published before the emergence of 
BA.5 showed that the addition of L452R to omicron 
enhanced its ability to infect lung tissues of humanised 
ACE2 mice.

A study found that BA.4 and BA.5 replicate more 
efficiently than BA.2 in human lung cells, and are more 
pathogenic than BA.2 in hamsters.10 A risk assessment11 
from Santé Publique in France evaluated syndromic data 
on 288 people infected with BA.4 or BA.5 and found that 
the median disease duration was longer in those infected 
with BA.4 or BA.5 than with BA.1 (median duration 
7 days [IQR 3–10 days] vs 4 days [IQR 2–7 days]). The 
study11 also found that a significantly higher proportion 
of individuals infected with BA.4 or BA.5 had nasal 
secretion, nausea, diarrhoea, ageusia, and anosmia than 
those infected with BA.1. However, these results were 
unadjusted for higher age among those infected with 
BA.5 than with BA.1, or for differences in vaccination 
status between groups. 

Given the surge in SARS-CoV-2 infections caused 
by BA.5, it is important to establish whether infection with 

Research in context

Evidence before this study
We searched medRxiv, bioRxiv, and PubMed on Aug 5, 2022, for 
articles published between Nov 1, 2021 and August 1, 2022, 
using the search term “(BA.5[Title/Abstract])”, and also searched 
for reports from national public health institutes in South Africa 
(National Institute for Communicable Diseases), Portugal 
(Instituto Nacional de Saúde Doutor Ricardo Jorge), and the UK 
Health Security Agency. Several studies have shown markedly 
increased immune escape of omicron BA.4 and BA.5 compared 
with BA.1 and BA.2 infections, indicating changes in the 
protection afforded by vaccine and previous-infection 
immunity. Two studies from Qatar indicated that previous 
omicron infection affords high protection against infection with 
BA.1 and BA.2 (85·6–94·9%) and BA.4 and BA.5 (74·3–83·9%). 
These estimates are higher than those reported in a meta-
analysis of protection offered by infection with earlier variants. 
With regard to vaccine immunity, a preprint study from Portugal 
found a similar likelihood of being vaccinated among 
BA.5 and BA.2 cases, which is indicative of similar vaccine 
effectiveness against both variants, as was also indicated by 
analysis from UKSHA. With regards to BA.5 severity, in-vitro and 
in-vivo animal studies have highlighted the potential for 
increased disease severity of BA.4 and BA.5 compared with 
BA.1 and BA.2, but population-based results are scarce. 
However, a study from Portugal reported higher risk of 
hospitalisation for BA.5 than for BA.2 infection among booster-
vaccinated individuals (adjusted OR 3·36 [95% CI 1·18–9·63]). 
Comparing different infection waves, a study from South Africa 
published as a preprint reported no difference in the risk of 
severe hospitalisation and death during the BA.4 and BA.5 wave 
compared with during the preceding BA.1 wave (HR 1·12 
[95% CI 0·93–1·34]). In Denmark, according to data from the 

national health authorities, the proportion of people 
hospitalised for COVID-19 and treated for lower respiratory tract 
infection was lower during the BA.5 wave than during the 
previous omicron wave. 

Added value of this study
To our knowledge, there is little available evidence on vaccine 
effectiveness against, and disease severity of, BA.5 compared 
with BA.2. Previous studies have largely investigated BA.4 and 
BA.5 together, some of which used the S-Gene Target Failure 
test result as a proxy for BA.4 or BA.5 infection. However, 
BA.5 has consistently displayed higher infection rates than BA.4 
across geographical regions. This study combines Danish 
national COVID-19 surveillance and viral WGS data to estimate 
the protection afforded by previous infection and vaccination, 
and the disease severity of BA.5 versus BA.2. 

Implications of all the available evidence
The available evidence shows that previous omicron infection 
offers significant protection against BA.5 in booster-vaccinated 
individuals. Evidence also points to similar or slightly weaker 
vaccine effectiveness against infection by BA.5 than by BA.2. 
The effect of the current BA.5 wave might be small in 
populations with a high degree of hybrid immunity (ie, via 
previous infection and vaccines). The increased risk of 
hospitalisation after BA.5 compared with BA.2 infection merits 
further investigation into the disease severity of BA.5, as 
studies from South Africa and Portugal do not suggest an 
increased risk of severe disease progression and death with BA.5 
compared with BA.2. This study, and the others referenced, 
highlight how WGS continues to have a crucial role in the 
surveillance of the COVID-19 pandemic.

Asus
Evidenziato
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this subvariant is more likely to lead to serious disease 
than with earlier subvariants, and the extent to which 
vaccination and previous infection protect against infection 
with BA.5. Using information from whole-genome 
sequencing (WGS) and national registers in Denmark, we 
described previously both vaccine effectiveness,12 pro-
tection of earlier variants against reinfection,13,14 and 
severity of omicron (BA.1 and BA.2),15 delta,15 alpha,16 and 
other previous variants.17 The aims of the current study 
were to estimate: first, the protection of a previous infection 
conveyed against a new infection with BA.5 among triple 
vaccinated; second, the relative vaccine protection against 
infection with BA.5 relative to BA.2; and third, the severity 
of infection with BA.5 compared with infection with BA.2.

Methods
Study design and participants 
This nation-wide population-based study in Denmark 
consisted of three main analyses that pertained to three 
research questions. The first analysis used a case–control 
design to assess the degree of protection against a new 
omicron infection with BA.5 or BA.2 (analysed separately) 
that is provided by a previous omicron infection in a fully 
vaccinated population. The second analysis used a case–
control design to assess the degree of protection after 
three mRNA vaccine doses afforded against infection 
with BA.5 versus BA.2. The third analysis used a cross-
sectional design to investigate the relative risk of 
hospitalisation after infection with BA.5 versus BA.2. 
None of the analyses included people infected with the 
omicron BA.2.12.1 strain. 

The study population in all three analyses was restricted 
to people older than 18 years by April 10, 2022 and 
who had uninterrupted residency in Denmark since 
February, 2020 to ensure complete SARS-CoV-2 test and 
vaccination records. Further restrictions on the study 
populations are detailed subsequently; briefly, analysis 
1 involved only (triple) vaccinated individuals, whereas 
analysis 2 and analysis 3 involved only SARS-CoV-2 
infected individuals. 

During the COVID-19 pandemic, Denmark had one of 
the highest PCR-testing capacities per capita globally, 
with up to a quarter of the population tested every week.18 
Tests are registered centrally and free-of-charge for all 
citizens. The number of these tests dropped during the 
first half of 2022, from around 1·4 million per week at 
the start of the year to approximately 60 000 per week on 
average during the 3-month period from April to June. 
Close contacts of infected cases no longer required 
testing and the rate of screening tests in other population 
segments have also reduced since March 10, 2022. 

COVID-19 vaccination coverage is high in Denmark. 
By April 10, 2022, more than 80% of all adults had 
completed their primary vaccination series and more 
than 60% had also received a booster dose.19 Further 
details of the Danish testing and vaccination strategy are 
provided in the appendix (p 3).

One of the cornerstones of the pandemic surveillance 
in Denmark has been the extensive use of WGS through 
the Danish COVID-19 Genome Consortium, with a 
capacity to sequence around 15 000 weekly test samples 
from TestCenter Denmark, in addition to samples from 
clinics and hospitals (ie, health-care testing provision) 
that were sequenced regionally at departments of clinical 
microbiology. Since the first BA.5 case in Denmark was 
identified on April 10, 2022, the proportion of isolates 
subjected to WGS has been more than 83% of all positive 
cases, of which 85% have produced genomic data on 
which variants were identified.For further details of the 
WGS methods, see the appendix (p 3).

Data were extracted from the Danish national 
COVID-19 surveillance system maintained at Statens 
Serum Institut (Copenhagen, Denmark), described in 
detail elsewhere.20 Briefly, individual-level information is 
linked daily between national registers, including the 
National Patient Register,21 which includes details of all 
inpatient and outpatient diagnoses and hospital 
admission and discharge dates. From this surveillance 
system, we obtained data on hospital admissions, 
COVID-19 diagnosis codes, and comorbidities based on 
the International Classification of Diseases 10th revision 
(ICD-10) diagnosis codes (diabetes, adiposity, haemato-
logical and other cancers, neurological diseases, kidney 
diseases, cardiovascular diseases, chronic pulmonary 
diseases, respiratory diseases, and immune deficiency 
conditions). We obtained person-level data on all 
COVID-19 vaccinations administered from the Danish 
National Vaccination Registry,22 and details of sex, age, 
vital status, and address history from the Danish Civil 
Registration System.23 Finally, we obtained data on all 
SARS-CoV-2 tests done by PCR in Denmark since the 
start of the pandemic from the National Microbiology 
Database.20

Assessment of outcomes 
For all three analyses, the outcome period was 
April 10–June 30, 2022.

Analysis 1 (protection against reinfection) was a case-
control study involving only those individuals who had 
received a complete primary vaccination series and 
subsequent booster dose (ie, three mRNA doses in total, 
with BNT162b2 or mRNA-1273 SARS-CoV-2 vaccine, or a 
combination of the two). Cases were individuals who had 
tested positive for SARS-CoV-2 during the outcome 
period with the BA.5 subvariant, as identified through 
WGS, whereas controls were people who had at least one 
PCR test during the outcome period without testing 
positive.24 We then compared the proportions of cases 
and controls who had a previous omicron infection 
(defined as a positive SARS-CoV-2 PCR test) during the 
exposure period. We excluded from the analysis 
individuals with a positive PCR test from outside the 
exposure period (ie, Jan 1–Feb 9, 2022, during which 
BA.1 and BA.2 accounted for virtually all SARS-CoV-2 See Online for appendix

For more on the Danish 
COVID-19 Genome Consortium 
see www.covid19genomics.dk

http://www.covid19genomics.dk
http://www.covid19genomics.dk


Articles

4 www.thelancet.com/infection   Published online October 18, 2022   https://doi.org/10.1016/S1473-3099(22)00595-3

infections in Denmark) or before the outcome period, 
those without a third mRNA vaccine dose by 
March 27, 2022 (ie, 14 days before the start of the outcome 
period, to allow for the full effect of vaccination), and 
those who had received a fourth dose by June 30, 2022. 

Protection from a previous infection was estimated 
with a 95% CI by use of a logistic regression model and 
was expressed as 1 minus the model-derived odds ratio 
(OR), which was analogous to the method of estimating 
vaccine effectiveness. The model was adjusted for sex, 
age group (18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 
75–84, >85 years), geographical area of residency (a five-
category variable indicating EU territorial units for 
statistics-2 region), comorbidity count (a four-category 
variable indicating the number of comorbidities as none, 
one, two, or three or more), and time of PCR sampling (a 
categorical variable indicating the week number). Among 
controls with multiple negative PCR tests during the 
outcome period, one was selected using simple random 
sampling for inclusion in the analysis. Among the few 
cases who had more than one positive test during the 
outcome period, only the first positive test was included 
in the analysis. In a sensitivity analysis to assess the 
robustness of the findings by use of an alternative 
analysis approach, the analysis was repeated using a 
matched case-control design in which cases and controls 
were pair-matched on test date, sex, and age (for further 
details about the methods used, see the appendix p 8).

In two extensions of the main analysis, supplementary 
analyses that instead estimated protection from a 
previous delta or alpha infection, the exposure definition 
was changed from infection during a period in which 
omicron predominated to infection between July 15 and 
Nov 15, 2021 for delta, and between March 15 and 
June 30, 2021 for alpha, which was when these variants 
predominated. 

Finally, the analyses were repeated, with the cases 
being those who tested positive during the outcome 
period with the BA.2 (instead of the BA.5) subvariant, as 
identified through WGS, and again the controls were 
people who had at least one PCR test during the outcome 
period without testing positive. 

Although it is not a requirement for valid inference 
that previously infected and uninfected individuals 
should have had the same propensity to come forward 
for testing (ie, that rates of getting tested were 
independent of exposure status), the OR will generally be 
biased if the effect of exposure status on rates of testing is 
modified by infection status during the period from 
April 10 to June 30, 2021. The analysis was therefore 
repeated with hospitalisation (defined under analysis 3) 
as the outcome, to avoid possible biases owing to 
differences in the rates of and reasons for testing. 

Analysis 2 (vaccine protection) involved infected 
participants only (ie, those infected with either BA.5 or 
BA.2 during the outcome period. The analysis compared 
vaccination status across the two groups with differences 

interpreted as evidence of reduced vaccine protection 
against one subvariant versus the other. Given that 
infection had already occurred, the analysis estimated 
the association between vaccination status and 
subvariant: if the vaccines protected equally well 
against BA.2 and BA.5, the ratio of vaccinated-to-
unvaccinated was expected to be identical between 
BA.2 and BA.5 cases. Only individuals with a complete 
primary vaccination series and a subsequent booster 
dose (ie, who received three mRNA vaccine doses in 
total) by March 27, 2022, or who were completely 
unvaccinated against COVID-19 by June 30, 2022, were 
included in the analysis. The analysis excluded people 
who had received a fourth dose by June 30, 2022. The 
effect of vaccination on the likelihood of an infection 
by BA.5 rather than BA.2 was analysed in a logistic 
regression model and expressed as an OR with a 95% CI. 
The model was adjusted for previous infection before 
April 10, 2022 (yes vs no), in addition to the other 
adjustment variables described previously for analysis 1. 

Because only a few people (approximately 9% of those 
older than 18 years) remain unvaccinated in Denmark, 
we did a sensitivity analysis that did not rely on 
comparisons with this age group. In the sensitivity 
analysis, the reference exposure group was instead 
people who had completed their primary vaccination 
series (ie, two mRNA COVID-19 vaccine doses) more 
than 4·5 months before the start of the outcome period, 
but with no booster dose by June 30, 2022.

Analysis 3 (severity of BA.5 infection) also involved 
infected participants only, and compared the proportion 
hospitalised for COVID-19 among people infected with 
BA.5 versus BA.2 during the outcome period. The effect 
of the subvariant (ie, BA.5 vs BA.2) on the risk of 
hospitalisation was estimated in a logistic regression 
model with the adjustments described previously, and 
with additional adjustment for vaccination status (as a 
categorical variable that indicated the number of doses 
received at the time of infection) and previous infection 
(yes vs no). The analysis included all BA.2 or BA.5 cases 
in the outcome period, irrespective of COVID-19 
vaccination history. Hospitalisations included in the 
analysis were restricted to those that lasted more 
than 12 h, had associated ICD-10 primary diagnosis codes 
B342 or B972 (indicating that COVID-19 was the primary 
reason for hospital admission), and occurred no earlier 
than 2 days before, and no later than 14 days after, a 
positive PCR test.

Most of the adult population in Denmark has received 
three mRNA COVID-19 vaccine doses. We therefore did a 
subgroup analysis in people who had received three such 
doses before March 27, 2022, excluding anyone who 
received a fourth dose before the end of the outcome 
period. In another supplementary analysis, the outcome 
period was extended by advancing the start date to 
Jan 1, 2022. Since the delta variant was still in circulation 
to a small extent in January, 2022, this analysis enabled 
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simultaneous estimation of the effects of both BA.5 
and the delta variant on hospitalisation, using the 
BA.2 hospitalisation rate as the reference. People with a 
previous SARS-CoV-2 infection before Jan 1, 2022, were 
excluded from this analysis to avoid the inclusion of 
frequently tested long-term or recurrent hospital patients 
with a delta infection and repeated positive tests during 
the winter months. 

This study was done under the authority task of the 
Danish National Infectious Disease Control Institute, 
which allows the Statens Serum Institut to do analyses 
on data from existing national COVID-19 surveillance 
systems. According to Danish law, ethical approval or 
individual consent is not required for anonymised 
aggregated register-based studies.

Role of funding source
There was no funding source for this study.

Results
Since the start of 2022, the omicron variant has accounted 
for virtually all SARS-CoV-2 infections in Denmark 
(figure 1). Similar to many other countries, Denmark had 
a massive omicron wave between December, 2021 and 
February, 2022, with around 35% of the adult population 
testing positive via PCR during this 3-month period (data 
not shown). Omicron infections were due mainly to the 
BA.1 subvariant during December 2021 and early 
January 2022, after which point BA.2 became predominant 
until the rise of BA.5.

Of the 4 622 106 people aged over 18 years who were 
resident in Denmark since February 2020, a total of 414 436 
(>8·9%) were tested by PCR during the outcome period. 
Those who were tested during the outcome period were 
older and more likely to have comorbidities and be without 
a previous PCR-confirmed SARS-CoV-2 infection 
compared with those who were not tested (table 1). Of the 
414 436 people who were tested during the outcome 
period, 187 347 people were included in analysis 1, 
42 150 people were included in analysis 2, and 48 119 people 
were included in analysis 3 (figure 2). In analysis 1, cases 
were slightly more likely than controls to be without a 
comorbidity. In analysis 2, unvaccinated people were 
younger, had less comorbidity, and were more likely to 
have had a previous PCR-confirmed SARS-CoV-2 infection 
than vaccinated people. Finally, in analysis 3, BA.5 cases 
were more likely than BA.2 cases to have had a previous 
PCR-confirmed SARS-CoV-2 infection (appendix pp 4–6). 

Of the 8678 triple-vaccinated cases who tested positive 
for SARS-CoV-2 with a BA.5 infection during the 
outcome period, only 210 (2·4%) had also tested positive 
for SARS-CoV-2 with an omicron infection previously, 
between Jan 1 and Feb 9, 2022, at which time 
the BA.1 and BA.2 omicron subvariants accounted for 
almost all SARS-CoV-2 infections (table 2). By contrast, 
among the 178 669 triple-vaccinated controls who tested 
negative for SARS-CoV-2 during the outcome period, 

33 972 (19·0%) had tested positive for SARS-CoV-2 
between Jan 1 and Feb 9, 2022. The estimated protection 
against BA.5 infection was 92·7% (95% CI 91·6–93·7), 
suggesting that a previous omicron infection is highly 
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Figure 1: Proportion of cases with SARS-CoV-2 variants and whole-genome 
sequencing between Jan 1 and July 1, 2022 in Denmark 

All participants Participants tested by PCR during 
the outcome period 

n % n %

All 4 622 106 100% 414 436 100%

Sex

Female 2 342 608 50·7% 226 222 54·6%

Male 2 279 498 49·3% 188 214 45·4%

Age, years

18–24 482 695 10·4% 30 543 7·4%

25–34 746 790 16·2% 59 735 14·4%

35–44 663 542 14·4% 51 806 12·5%

45–54 768 454 16·6% 68 988 16·7%

55–64 763 964 16·5% 78 874 19·0%

65–74 624 590 13·5% 61 873 14·9%

75–84 440 840 9·5% 45 187 10·9%

≥85 131 231 2·8% 17 430  4·2%

Region of residency 

Capital 1 451 806 31·4% 150 372 36·3%

Central Denmark 1 052 396 22·8% 80 397 19·4%

Northern Denmark 472 794 10·2% 36 155 8·7%

Zealand 673 221 14·6% 63 555 15·3%

Southern Denmark 971 563 21·0% 83 957 20·3%

Missing data 326 0 ·· ··

(Table 1 continues on next page)
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protective against a new infection with BA.5 in a 
vaccinated population. By comparison, a previous delta 
or alpha infection provided a much weaker protection 
against a new infection with BA.5 (73·4% [95% CI 
65·7–79·3%] for delta and 61·2% [49·1–70·4] for alpha).

In the supplementary analyses that estimated 
protection against BA.2 during the outcome period, a 
previous omicron infection was even more highly 
protective against BA.2 than was observed in the previous 
analysis for BA.5. Among the 29 292 tripple-vaccinated 
individuals who tested positive for SARS-CoV-2 with a 
BA.2 infection during the outcome period, 192 (0·7%) 
had tested positive for SARS-CoV-2 between Jan 1, and 
Feb 9, 2022. The estimated protection against BA.2 
infection was 97·1% (95% CI 96·6–97·5). Again, a 
previous infection with the delta or alpha variant 
protected less well than a previous omicron infection did 
against BA.2, with estimated protection of 84·2% (95% CI 
80·7–87·1) for delta and 73·8% (67·8–78·6) for alpha. If 
restricting the case definition to those hospitalised for an 
infection with BA.5 or BA.2, the extent of protection 
from a previous omicron infection was 96·4% (74·2–99·5) 
for BA.5 and 91·2% (95% CI 76·3–96·7%) for BA.2 
(appendix p 7). 

In the sensitivity analysis using a matched case-control 
design, the estimates were nearly identical to those in 
the main analysis. Changing the definition of a 
reinfection to require a different minimum number of 
days between repeat positive tests also had little effect on 
the results. Adjustment for time since vaccination 
(third dose) also had a minimal effect on the results 
(appendix pp 8–11).

In the vaccine protection analysis, 9307 (94·2%) of 
9878 people with a BA.5 infection and 30 581 (94·8%) 
of 32 272 with a BA.2 infection were vaccinated against 
COVID-19 with three mRNA doses (table 3). Comparing 
triple-vaccinated versus unvaccinated individuals, the 
adjusted OR for the effect of the vaccine on the likelihood 
of an infection being due to BA.5 rather than BA.2, was 
1·18 (95% CI 0·99–1·42; p=0·064). The change from the 
unadjusted estimated OR of 0·90 (95% CI 0·82–0·99) 
was driven largely by negative confounding from previous 
infections, since unvaccinated individuals were more 
likely to have had a previous infection than those who 
were vaccinated, and BA.5 cases were more likely than 
BA.2 cases to have had a previous infection (table 2). 
Comparing triple-vaccinated cases versus those who had 
received only two mRNA doses more than 4·5 months 
earlier, the effects on the chances of an infection being 
due to BA.5 rather than BA.2 were OR 0·90 (95% CI 
0·81–1·00) and adjusted OR 1·12 (95% CI 0·92–1·35; 
p=0·26). Overall, there was little evidence, therefore, that 
the mRNA vaccines protect less well against BA.5 than 
against BA.2. 

During the outcome period, hospitalisation for 
COVID-19 occurred in 210 (1·9%) of 11 314 people 
infected with BA.5 versus 514 (1·4%) of 36 805 of those 
infected with BA.2 (OR 1·34 [95% CI 1·14–1·57]; adjusted 
OR 1·69 [1·22–2·33]; table 4). The increase in effect size 
from the unadjusted to the adjusted analysis was largely 
driven by adjustment for age, as fewer elderly people 
were infected with BA.5 than with BA.2. The estimate 

All participants Participants tested by PCR during 
the outcome period

n % n %

(Continued from previous page)

Migration heritage*

Denmark 3 982 616 86·2% 345 707 83·4%

Other European country 295 988 6·4% 25 730 6·2%

Middle East and north Africa 166 071 3·6% 21 304 5·1%

Indian subcontinent and 
southeast Asia

111 427 2·4% 13 594 3·3%

Sub-Saharan Africa 37 342 0·8% 4654 1·1%

Other 28 559 0·6% 3447 0·8%

Missing data 103 0 ·· ··

Number of comorbidities†

0 3 659 772 79·2% 297 644 71·8%

1 715 355 15·5% 79 270 19·1%

2 186 128 4·0% 26465 6·4%

≥3 60 802 1·3% 11 057 2·7%

Missing data 47 0 ·· ··

COVID-19 vaccination status‡

Unvaccinated 382 479 8·3% 31 880  7·7%

Primary vaccination with two 
mRNA doses completed

38 558 0·8% 4011  1·0%

Primary non-mRNA 
vaccination completed 

5463 0·1% 596  0·1%

Primary mRNA vaccination 
completed plus one mRNA 
booster dose 

3 396 426 73·5% 305 731 73·8%

Primary non-mRNA 
vaccination completed plus 
one mRNA booster dose 

147 970 3·2% 18 055  4·4%

Primary vaccination completed 
plus two booster doses—any 
types 

36 465 0·8% 6365  1·5%

Other§ 614 745 13·3% 47 798 11·5%

PCR-confirmed SARS-CoV-2 infection status by April 10, 2022 

No previous infection 2 457 297 53·2% 256 449 61·9%

At least one previous infection 2 164 809 46·8% 157 987 38·1%

Infection likely to have been 
with omicron¶

1 685 557 77·9% 111 047 70·3%

Infection likely to have been 
with an earlier variant than 
omicron

479 252 22·1% 46 940 29·7%

Data are n or %. Participants were older than 18 years on April 10, 2022 and had been resident in Denmark since Feb 1, 2020. 
*Migration heritage was defined by country of birth or, if known, mother’s country of birth. †Comorbidities registered 
during the past 5 years from among: diabetes, adiposity, haematological and other cancers, neurological diseases, kidney 
diseases, cardiovascular diseases, chronic pulmonary diseases, respiratory diseases, and immune deficiency conditions. 
‡Vaccinations received by April 10, 2022; mRNA vaccines were either BNT162b2 (tozinameran, Pfizer-BioNtech) or 
mRNA-1273 (lasomeran, Moderna); non-mRNA vaccines were Jcovden (previously COVID-19 Vaccine Janssen) and 
ChAdOx1-S [recombinant] COVID-19 vaccine (AstraZeneca). §Incomplete primary vaccination series or non-mRNA vaccine 
booster doses. ¶Infections likely to have been with omicron were those in people who tested positive for COVID-19 after 
Dec 20, 2021. 

Table 1: Study population characteristics
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did not change substantially after restricting the analysis 
to triple-vaccinated individuals only (adjusted OR 1·66 
[95% CI 1·16–2·36]). After extending the outcome period 
by moving the start date back to Jan 1, 2022, and excluding 
cases with a previous infection, the hospitalisation 
adjusted OR was 1·83 (95% CI 1·31 to 2·55) for 
BA.5 versus BA.2, whereas delta cases were substantially 
more likely to require hospitalisation than BA.2 cases 
(adjusted OR 2·86 [1·67 to 4·91]). 

Discussion
In this study, we investigated the risk of BA.5 infection in 
a population with hybrid immunity (ie, a previous 
infection and vaccine immunity), the evidence of reduced 
vaccine protection, and severity of BA.5 infection, in 
comparison with earlier SARS-CoV-2 strains.

The analyses of previous infection protection against 
subsequent infection indicated that a previous omicron 
infection provided very good protection against sub-

sequent infection with BA.5, and a previous alpha or 
delta infection offered good protection, although to a 
lesser extent than omicron, against BA.5 and BA.2. The 
degree of protection a previous infection provided was 
higher against BA.2 than BA.5 during the outcome 
period. In the sensitivity analysis that used a matched 
case-control design, results were almost identical. 

The analysis of vaccine protection against infection 
with BA.5 versus BA.2 did not provide strong evidence 
of poorer protection against BA.5 than BA.2. The 
estimated comparison for the vaccinated against the 
unvaccinated (OR 1·18 [95% CI 0·99–1·42]), and for 
the triple-vaccinated versus those who had only received 
two mRNA vaccine doses more than 4·5 months earlier 
(1·12 [0·92–1·35], might suggest a slightly heightened 
ability of BA.5 to escape the vaccine protection compared 
with BA.2; however, more data are needed to increase 
precision around the estimates, as both rely on 
reasonably small comparator populations.

4 622 106 people aged ≥18 years on April 10, 2022 and 
resident in Denmark since Feb 1, 2020

4 207 670 excluded  
4 207 344 not tested by PCR during the outcome period 

326 region of residency unknown

414 436 tested by PCR during the outcome period

414 436 considered for 
analysis 1: 
reinfection analysis

227 089 excluded  
103 235 not triple mRNA 

vaccinated by 
March 27, 2022

6834 received fourth dose 
before the end of the 
outcome period

61 579 previous infection 
outside the exposure 
period 

55 441 infection not shown 
to be BA.5 during the 
outcome period 

372 286 excluded
5969 not unvaccinated or 

not triple vaccinated 
for the entire outcome 
period

366 317 not infected with BA.5 
or BA.2 during the 
outcome period

366 317 excluded because not infected 
with BA.5 or BA.2 during the 
outcome period 

414 436 considered for 
analysis 2: vaccine 
protection 

414 436 considered for 
analysis 3: severity 
of infection

187 347 vaccinated 
individuals included 
in analysis 1

Infection status during 
outcome period

8678 cases infected with 
BA.5

178 669 controls (negative 
PCR tests) 

42 150 infected individuals  
included in analysis 2

Vaccination status during 
outcome period

2262 unvaccinated    
39 888 triple vaccinated  

48 119 infected individuals 
included in analysis 3

Infection status during 
outcome period
11 314 infected with BA.5 
36 805 infected with BA.2 

Figure 2: Study design
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The analysis of disease severity showed evidence of 
higher hospitalisation rates among BA.5 cases compared 
with BA.2 cases. As we expected, and consistent with our 
earlier studies,15,17 the analysis also showed increased 

disease severity from a delta infection, with nearly three 
times the odds of hospitalisation compared with a 
BA.2 infection. 

Real-world evidence on the disease severity of BA.5 is 
scarce. In a South African study published as a preprint,25 
the risk of severe hospitalisation (defined as admission to 
intensive care, or mechanical ventilation, or an oral or 
intravenous steroid prescription) or death was similar 
during the BA.4–BA.5 wave compared with the preceding 
BA.1 wave. In both Portugal and South Africa, the 
BA.5 wave passed without overall COVID-19 hospital 
admissions and deaths exceeding those of the previous 
omicron wave, although Portugal reported excess 
mortality for a few weeks.26 A Portuguese study2 found a 
higher hospitalisation rate among people who had 
received a booster vaccination among those infected with 
BA.5 than with BA.2 (OR 3·36 [95% CI 1·18–9·63]).

As in our analysis, a study27 from Qatar estimated that 
previous BA.1 infection gave very high protection against 
infection with BA.2, and vice versa. Studies,28–30 including 
our own,13,14 on the protective effect of a previous 
SARS-CoV-2 infection have generally found good 
protection of around 80% or higher against reinfection, 
although a lower degree of protection against a 
subsequent omicron infection has generally been 
reported after infection with earlier variants. In the 
current study, the protective effect of an earlier alpha or 
delta infection against omicron was considerably higher 
than that in our cohort analysis14 of the protective effect of 
an earlier variant infection against omicron in an 
unvaccinated population (estimated protection ranged 
from 19% to 51%), and also higher than estimates from 
elsewhere.28 Although the reason ably high estimates of 
protection in the current study might reflect a genuine 
hybrid immunity effect in the vaccinated population, it is 
possible that those with a previous infection were much 
more likely than the previously uninfected to have been 
tested for reasons other than a suspicion of having 
COVID-19, which in turn would inflate the estimated 
amounts of protection of a previous infection in our 
study. Nonetheless, assuming that the number of 
BA.5 infections observed in our study among people 
with a previous infection is only half of that which would 
have been observed in the absence of such a bias, the 
resulting OR estimate would be around 2 × 0·073 = 0·146, 
and the extent of protection would still be high, at 
around 85%. Importantly, the analysis that was restricted 
to cases who were hospitalised for COVID-19, and which 
was not subject to biases owing to testing, still showed 
that a previous omicron infection gave very high 
amounts (>90%) of protection against hospitalisation 
owing to infection with BA.5 or BA.2. 

For analysis 2 (vaccine protection), it is important to note 
that, because the remaining unvaccinated people make up 
such a small proportion of the population, we were unable 
to assess vaccine effectiveness directly as the ratio of 
infection rates in vaccinated and unvaccinated individuals. 

Cases Controls OR Adjusted OR* Estimated 
protection

Protection against infection with BA.5 

Previous omicron infection

Exposed 210 (2·4%) 33 972 (19·0%) 0·106 
(0·092–0·121)

0·073 
(0·063–0·084)

92·7% 
(91·6–93·7)

Unexposed 8468 (97·6%) 144 697 (81·0%) 1 1 ··

Previous delta infection

Exposed 65 (0·8%) 3336 (2·3%) 0·333 
(0·261–0·427)

0·266 
(0·207–0·343)

73·4% 
(65·7–79·3)

Unexposed 8468 (99·2%) 144 697 (97·7%) 1 1 ··

Previous alpha infection

Exposed 58 (0·7%) 1878 (1·3%) 0·528 
(0·406–0·686)

0·388 
(0·296–0·509)

61·2% 
(49·1–70·4)

Unexposed 8468 (99·3%) 144 697 (98·7%) 1 1 ··

Protection against infection with BA.2 

Previous omicron infection

Exposed 192 (0·7%) 33 972 (19·0%) 0·028 
(0·024–0·032)

0·029 
(0·025–0·034)

97·1 
(96·6–97·5)

Unexposed 29 100 (99·3%) 144 697 (81·0%) 1 1 ··

Previous delta infection

Exposed 100 (0·3%) 3336 (2·3%) 0·149 
(0·122–0·182)

0·158 
(0·129–0·193)

84·2 
(80·7–87·1)

Unexposed 29 100 (99·7%) 144 697 (97·7%) 1 ··

Previous alpha infection

Exposed 98 (0·3%) 1878 (1·3%) 0·259 
(0·212–0·318)

0·262 
(0·214–0·322)

73·8 
(67·8–78·6)

Unexposed 29 100 (99·7%) 144 697 (98·7%) 1 1 ··

Data are n (%), OR (95% CI), or estimated % (95% CI). All participants received three doses of mRNA COVID-19 vaccine. 
The outcome period  was April 10–June 30, 2022. Cases were people infected with SARS-CoV-2 omicron subvariants 
BA.5 or BA.2 during the outcome period. Controls were people who tested negative for SARS-CoV-2 infection during the 
outcome period. Unexposed individuals had no positive PCR tests before the start of the outcome period on 
April 10, 2022. *Adjusted for age group, time of infection (week number), sex, region of residency, and comorbidities. 

Table 2: Protection against BA.5 or BA.2 infection after a previous positive SARS-CoV-2 PCR test in 
Denmark, by variant strain

Infected with 
BA.5 during the 
outcome period

Infected with 
BA.2 during the 
outcome period

OR Adjusted OR*

Three doses versus unvaccinated

Three doses† 9307 (94·2%) 30 581 (94·8%) 0·90 (0·82–0·99) 1·18 (0·99–1·42)

Unvaccinated 571 (5·8%) 1691 (5·2%) 1 1

Three doses versus two doses

Three doses† 9307 (94·8%) 30 581 (95·3%) 0·90 (0·81–1·00) 1·12 (0·92–1·35)

Two doses‡ 513 (5·2%) 1515 (4·7%) 1 1

Data are n (%) or OR (95% CI). All participants were infected with SARS-CoV-2 omicron subvariants BA.5 or BA.2. 
The outcome period was April 10–June 30, 2022. The analysis included individuals with or without a 
previous SARS-CoV-2 infection before the start of the outcome period. *Adjusted for age group, time of infection 
(week number), sex, region of residence, comorbidities, and previous infection (yes vs no). †Received three doses of 
either mRNA-1273 (lasomeran, Moderna) or BNT162b2 (tozinameran, Pfizer-BioNtech) before March 27, 2022. 
‡Completed primary vaccination series more than 140 days before the start of the outcome period. 

Table 3: Vaccine protection against infection with BA.5 or BA.2 in Denmark, by vaccine status
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Instead, basing the analysis upon infected individuals only, 
the analysis compared the vaccination status in those 
infected with BA.5 versus with BA.2, providing a relative 
measure of vaccine protection against BA.5 versus BA.2.

In a preliminary analysis from the UK Health Security 
Agency,31 a similar analysis strategy was followed, 
comparing people who had been recently vaccinated with 
a second, third, or fourth dose versus a baseline group of 
people vaccinated with a second or third dose more than 
25 weeks before infection. The study did not find 
differences in vaccination status between those infected 
with BA.5 compared with BA.2 (OR 0·83 [95% CI 
0·64–1·08]). Importantly, this type of analysis relies on 
there being some degree of vaccine protection against 
infection with BA.2, or the relative measure will be 
uninformative, as the OR will be 1.

Our study was made possible due to the intensive WGS 
efforts at the Statens Serum Institut. However, it is 
possible that some bias exists in the selection of samples 
for sequencing, as not all sequenced samples were 
selected at random. Second, not all positive cases during 
the outcome period would have been identified, as many 
were no longer being tested. Also, the study did not 
include results from the Danish national free-of-charge 
rapid antigen test programme; however, these only 
accounted for approximately 8% of all (ie, rapid antigen 
test and PCR) registered test results during the overall 
study period.18 Third, as described previously, estimates of 
protection from a previous infection might be too high if 
exposed people were more likely than unexposed people 
to come forward for testing owing to reasons other than 
suspected COVID-19. We believe bias from test 
procedures were largely mitigated in analysis 2 and 3, as 
they included only PCR-confirmed cases (either 
BA.2 or BA.5). Fourth, the analysis did not attempt to take 
into account the order in which vaccine and natural 
immunity were acquired, therefore some participants 
would have been unvaccinated at the time of their 
previous infection, whereas others would have received 
one, two, or three vaccine doses. Individuals with a 
previous omicron infection were much more likely to 
have had a breakthrough infection than those previously 
infected with delta or alpha during periods in which the 
vaccination coverage, and number of doses given per 
person, were much lower. Also, the analysis did not 
attempt to assess the effect of waning immunity as a 
function of time from vaccination or past infection. It was 
therefore not possible to attribute the weaker protection 
observed among those with a previous alpha or delta 
infection, relative to those with a previous omicron 
infection, to reduced cross-reactive immunity with 
different variant strains rather than to a waning effect.

Finally, infection rates varied considerably throughout 
the first half of 2022, affecting rates of testing and the age 
profile of cases and, in turn, the proportion of PCR-
confirmed cases that were hospitalised. By evaluating the 
adjustment variables, we confirmed that age and time 

(week number) of infection contributed to confounding 
of the relation ship between subvariant and risk of 
hospitalisation, which explains why a stronger effect was 
apparent from the adjusted estimate. Importantly, the 
observation that BA.5 is more severe compared with 
BA.2 occurred in the context of stable and low absolute 
numbers of hospitalisations of people who tested positive 
for SARS-CoV-2 in Denmark during the study period.

In conclusion, our study found that a previous omicron 
infection in triple mRNA-vaccinated individuals offers 
significant protection against BA.5 infection, including 
against infection leading to hospitalisation. Our analysis 
also indicated a similar or slightly weaker vaccine 
protection against BA.5 infection than against BA.2 
infection. Overall, the effect of the current BA.5 wave 
might be small in populations with a high degree of hybrid 
immunity and might be similar to that of the previous 
BA.1–BA.2 wave. The increased risk of hospitalisation after 
a BA.5 infection found in our study merits further 
investigation into the disease severity of BA.5. This study 
also highlights how WGS continues to be a cornerstone in 
surveillance of the SARS-CoV-2 pandemic.
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