
Health Care Worker COVID-19 Vaccine Protection • OFID • 1

Open Forum Infectious Diseases

SARS-CoV-2 mRNA Vaccine Effectiveness in Health Care 
Workers by Dosing Interval and Time Since Vaccination: 
Test-Negative Design, British Columbia, Canada
Shiraz El Adam,1 Macy Zou,2 Shinhye Kim,1 Bonnie Henry,3,4 Mel Krajden,5,6 and Danuta M. Skowronski1,3

1BC Centre for Disease Control, Communicable Diseases and Immunization Services, Vancouver, British Columbia, Canada, 2Data and Analytics Services, BC Centre for Disease Control, Vancouver, 
British Columbia, Canada, 3School of Population and Public Health, University of British Columbia, Vancouver, British Columbia, Canada, 4Office of the Provincial Health Officer, Ministry of Health, 
Victoria, British Columbia, Canada, 5Public Health Laboratory, BC Centre for Disease Control, Vancouver, British Columbia, Canada, and 6Department of Pathology and Laboratory Medicine, 
University of British Columbia, Vancouver, British Columbia, Canada

Background. One- and two-dose mRNA vaccine effectiveness (VE) estimates against severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection by dosing interval and time since vaccination were assessed among healthcare workers (HCWs) 
in publicly funded acute and community (nonresidential) healthcare facilities in British Columbia, Canada.

Methods. A test-negative design was used with controls matched to cases (6:1) on epidemiological week of SARS-CoV-2 
test date. mRNA vaccination was defined by receipt of the first dose ≥21 days or second dose ≥14 days before the test date. 
HCWs ≥18 years old tested for SARS-CoV-2 between epi-weeks 3 and 39 (January 17–October 2, 2021) were included, when 
varying dosing intervals and a mix of circulating variants of concern contributed, including Delta dominance provincially from 
epi-week 31 (August 1).

Results. Single- and two-dose analyses included 1265 and 1246 cases, respectively. The median follow-up period (interquar-
tile range) was 49 (34–69) days for single-dose and 89 (61–123) days for two-dose recipients, with 12%, 31%, and 58% of second 
doses given 3–5, 6, or ≥7 weeks after the first. Adjusted mRNA VE against SARS-CoV-2 was 71% (95% CI, 66%–76%) for one dose 
and 90% (95% CI, 88%–92%) for two doses, similar to two heterologous mRNA doses (92%; 95% CI, 86%–95%). Two-dose VE re-
mained >80% at ≥28 weeks post–second dose. Two-dose VE was consistently 5%–7% higher with a ≥7-week vs 3–5-week interval 
between doses, but with overlapping confidence intervals.

Conclusions. Among HCWs, we report substantial single-dose and strong and sustained two-dose mRNA vaccine protection, 
with the latter maintained for at least 7 months. These findings support a longer interval between doses, with global health and eq-
uity implications.

Keywords. vaccine effectiveness; SARS-CoV-2; healthcare workers; test-negative design.

Healthcare workers (HCWs) have been at the front lines of the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
pandemic. With high potential for exposure [1] and to mitigate 
the risk to themselves and their patients, HCWs in Canada were 
also among the first prioritized for vaccination. Two mRNA 
vaccines, BNT162b2 (Pfizer-BioNTech) and mRNA-1273 
(Moderna), were first authorized in Canada on December 9 
(epi-week 50) and December 23 (epi-week 52), 2020, respec-
tively, with to a two-dose schedule spaced 3–4 weeks apart [2].

In the province of British Columbia (BC), Canada, HCW vac-
cination began on December 15, 2020 (epidemiological-week 
51) at the manufacturer-recommended interval of 3–4 weeks 
between doses. In response to elevated COVID-19 activity 
and scarce vaccine supply, a modified 5-week dosing interval 
was announced in epi-week 52. A 6-week interval was subse-
quently recommended in late January (epi-week 4) of 2021 and 
was maintained until early March (epi-week 9), when Canada’s 
National Advisory Committee on Immunization (NACI) re-
commended an even longer 16-week interval between the first 
and second doses [3]. As vaccine supply improved, the dosing 
interval was reduced in BC to 8 weeks in late May (epi-week 
21), 7 weeks in late July (epi-week 30), and 4 weeks in August 
(epi-week 32), with a preferred interval of at least 6 weeks still 
emphasized [4].

Immunogenicity studies among HCWs in British Columbia 
and Ontario, Canada, have compared antibody response at a 3–4-
week interval vs a 6–7-week interval [5] and at 3–6 vs 8–16 weeks 
[6] between the first and second doses. Both showed improved 
antibody levels at the longer interval, but antibody thresholds 
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for protection have not been established. In a population-based 
evaluation of vaccine effectiveness (VE) using the test-negative 
design (TND) in BC and Quebec, Canada, protection was lower 
at 3–4-week and 5–6-week intervals compared with a 7–8-week 
interval between doses, and was stable thereafter [7].

To measure the degree and duration of one- and two-dose 
mRNA VE against SARS-CoV-2 infection in HCWs and to fur-
ther explore the effects of extended dosing intervals, we applied 
the TND to acute care and community-based HCWs in British 
Columbia, Canada. We also assessed one- and two-dose VE by 
vaccine type (BNT162b2 and mRNA-1273), age group, sex, and 
level of patient care.

METHODS

Study Design

We used the TND with incidence density sampling, matching 
test-negative controls 6:1 to test-positive cases based on epide-
miological week (epi-week) of the nucleic acid amplification 
test date. For HCWs with multiple negative tests throughout the 
study period, a single negative test per epi-week was randomly 
selected. Further HCW case or control contribution was cen-
sored on the date of the first positive test.

Outcome and Vaccine Status Definition

VE was estimated against any infection. Testing was mostly 
symptom-based by nasopharyngeal swab, but available data do 
not support VE stratification by symptom status. Gargle (saliva) 
specimens were available but not widely or systematically used 
in HCWs. Rapid antigen tests were not broadly deployed during 
the analysis period.

SARS-CoV-2 vaccination was publicly funded and encour-
aged but not mandatory for HCWs in BC during the study 
period. Vaccination status was defined by the time between the 
last vaccine dose and the specimen test date, the latter defined 
by the earliest of test order or result date. Given analyses based 
upon testing rather than onset date, we incorporated addi-
tional lag time, in addition to the expected timeline for vaccine-
induced immunity following each dose [8]. For primary VE 
estimation, single-dose vaccine status was defined by ≥21 days, 
and two-dose status was defined by ≥14 days between vaccina-
tion and test date. Specimens with a first dose <21 days prior 
or a second dose <14 days prior were excluded. Unvaccinated 
HCWs were those tested who received no vaccine dose on or 
before the test date. For single-dose analyses, specimens col-
lected on/after the date of the second dose were excluded. For 
two-dose analyses, specimens collected on/after the date of re-
ceipt of the first dose were excluded.

Study Period

Single- and two-dose VE analyses spanned epi-weeks 3–30 
(January 17–July 31, 2021) and epi-weeks 9–39 (February 

28–October 2), respectively. However, analyses of VE at longer 
durations after the second dose were restricted to more recent 
study periods to enable a sufficient number of vaccinated cases 
and controls with that amount of follow-up. For example, to 
assess VE at 16–27 weeks post–second dose, analyses were re-
stricted to epi-weeks 20–39 (May 16–October 2), and at ≥28 
weeks postvaccination, analyses were restricted to epi-weeks 
35–39 (August 29–October 2).

Although genetic characterization of case viruses among 
HCWs was not available for the current analysis, a mix of 
circulating variants of concern (VOC) were detected in the 
general BC population, including working-age adults age ≥18 
years [7, 9]. Alpha and Gamma variants were first detected in 
January and February 2021, respectively, increasing to unique 
co-dominance through May and June. The Delta variant ap-
peared started circulating in April, increased through July, and 
comprised almost sole detection provincially from August 1, 
2021 (epi-week 31), through the rest of the analysis period.

Data Sources

The source population was the Workplace Health Incident 
Tracking and Evaluation (WHITE) database. The WHITE 
database was introduced in 2004 by the Occupational Health 
and Safety Agency for Healthcare in British Columbia, in con-
junction with health regions, to track occupational expos-
ures, stressors, injuries, and illnesses among HCWs employed 
by BC’s 5 health authorities (HAs) [10]. These include Fraser 
(FHA) and Vancouver Coastal (VCHA) in the Lower Mainland, 
where >60% of the BC population resides [11], as well as 
the Interior (IHA), Northern (NHA), and Vancouver Island 
(VIHA) regions.

WHITE captures all HCWs (~140 000) employed by HAs in-
cluding some long-term care facilities (LTCFs) but excluding 
any facilities privately managed or not affiliated with HAs. Data 
from WHITE were extracted on October 7, 2021, along with 
relevant employee characteristics (eg, age, sex, occupation, HA 
of residence, type of employment) and SARS-CoV-2 laboratory 
results (imported from the Provincial Laboratory Information 
Solution [PLIS]) and COVID-19 immunization details (im-
ported from the Provincial Immunization Registry [PIR]). PLIS 
contains all SARS-CoV-2 test results from private and public 
laboratories across BC. The PIR captures all COVID-19 vaccin-
ations for BC residents, including HCWs, regardless of place of 
delivery, HA, or employee status.

Study Population

All HCWs within the WHITE database aged ≥18 years (at test 
date), hired before October 1, 2021 (epi-week 39), and tested for 
SARS-CoV-2 within the analysis period were included. A broad 
array of HCW occupations were included (eg, physicians, para-
medics/emergency responders, nurses, pharmacists, therap-
ists, technicians, clinical, service, research, and administrative/
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Patient Consent 

The study does not include factors requiring patient consent.

RESULTS

Study Population: Case and Control Profile

Data extracted from WHITE included 141 465 unique HCWs, 
among whom a total of 31  858 specimens (23  794 unique 
HCWs) met inclusion criteria and were available for single-
dose VE analyses, and 36 776 specimens (27 602 unique HCWs) 
met inclusion criteria and were available for two-dose analyses. 
Following matching, there were 1265 cases and 7590 controls 
(n = 8855) for single-dose VE, and 1246 cases and 7476 con-
trols (n = 8722) for two-dose VE. In both analyses, HCWs 
were more often female (>80%), with cases about a decade 
younger than controls (median, 36–37 vs 46–47 years) (Table 
1; Supplementary Table 1). The distribution of cases and con-
trols by HA was similar, with a slightly higher share of cases 
in FHA for single-dose VE and a lower share in VIHA in both 
analyses, commensurate with variation in pandemic intensity 
provincially (Supplementary Table 1) [13].

Vaccine Coverage

Among vaccinated participants, 92% of single-dose and 83% of 
two-dose HCWs received BNT162b2. Among all HCWs in the 
WHITE database (without exclusions), the percentage who had 
received at least 1 mRNA vaccine dose was 30% in epi-week 
3 and 91% in epi-week 30 (end of single-dose study period) 
(Supplementary Figure 1). The percentage who had received a 
second mRNA vaccine dose was 2% in epi-week 3; it increased 
to 24% by epi-week 8 and remained stable at about 25% be-
tween epi-weeks 9 and 17, increasing gradually thereafter to 
54%, 86%, and 92% by epi-weeks 22, 30, and 39, respectively. 
Among the matched two-dose recipients for the primary anal-
ysis (n = 6372), the interval between doses was 3–5, 6, or ≥7 
weeks among 762 (12%), 1963 (31%), and 3644 (58%), respec-
tively (Table 1).

Single-Dose VE

The median (interquartile range [IQR]) duration of available 
follow-up among single-dose participants was 49 (34–69) days 
(Supplementary Table 1). Across that period, the adjusted single-
dose mRNA VE against any SARS-CoV-2 infection was 71% 
(95% CI, 66%–76%): 70% (95% CI, 65%–75%) for BNT162b2 
and 77% (95% CI, 64%–85%) for mRNA-1273 (Table 2). VE 
was similar for direct care (70%; 95% CI, 60%–77%) and service 
providers (68%; 95% CI, 43%–82%), and in VCHA (67%; 95% 
CI, 50%–78%) and FHA (71%; 95% CI, 65%–76%), but slightly 
higher in other HA combined (80%; 95% CI, 70%–86%), with 
overlapping confidence intervals. Adjusted single-dose VE was 
79% (95% CI, 69%–85%) at 3 weeks, remaining 69% (95% CI, 
59%–76%) at 6–7 weeks and 61% (95% CI, 52%–68%) at ≥8 

managerial staff) from publicly funded acute (eg, hospitals,
emergency departments, urgent care) and community care set-
tings (eg, home or ambulatory care services).

Excluded HCWs were those who tested positive before the
analysis period or with missing, inconclusive, or invalid infor-
mation for vaccination or test details, age, sex, or HA. Also ex-
cluded were HCWs tested for a possible workplace exposure/
cluster or who worked in LTCF, assisted living, hospice, or cor-
rectional facilities (residential facilities), where cluster testing/
screening was more likely. Due to smaller numbers, specimens
from recipients of non-mRNA vaccines were also excluded.

Statistical Analyses

The odds of vaccination among SARS-CoV-2 test-positive vs
test-negative specimens were compared through the odds ratio
(OR) using multivariable conditional logistic regression, with
the matching epi-week for cases and controls as a stratum.
Single- and two-dose mRNA VE was derived as [(1 –

ORadjusted) ×100] with 95% CIs. Covariates included age group
(18–29, 30–39, 40–49, 50–59, ≥60 years), sex (male, female),
and HA of HCW residence (5 categories).

VE was separately estimated by mRNA product, age, sex,
and, to compare with estimates previously published for
VCHA [12], separately for VCHA, FHA, and other HAs com-
bined provincially. We also assessed two-dose VE among those
classified as providing direct patient care (including all catego-
ries of nurses) or service providers (eg, food, transportation,
cleaning, laundry, maintenance services) based upon the first-
mentioned job, recognizing that >90% of HCWs had just 1 job.

VE was explored by time since vaccination, and two-dose VE
was further stratified by interval between doses. The choice of in-
tervals took into account the timeline of vaccine schedule adjust-
ments and their impact on second-dose rollout and coverage in
BC HCWs. Given early implementation of the 5-week interval
in BC, we combined that with the manufacturer-specified 3–
4-week schedule. Additionally, since a substantial proportion
were immunized according to the 6-week interval, we assessed
that intermediate group separately so as not to drive or dilute
comparison between the shorter and longer intervals. The third
stratum included those who received their second dose ≥7 weeks
after the first, as informed by earlier population-based findings [7].

Ethics Statement

Data access was approved by WHITE’s steering committee.
Vaccine effectiveness evaluations were conducted as legally
mandated public health investigations. Data linkages and anal-
yses by the BC Centre for Disease Control were authorized un-
der the Public Health Act as a delegated function of the
Provincial Health Officer. The lead investigator (Skowronski)
also sought independent research ethics board review which
was waived by the University of British Columbia Clinical
Research Ethics Board.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
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weeks after the first dose (Supplementary Table 2). High cov-
erage and second-dose rollout limited one-dose analyses at 
longer durations thereafter.

Two-Dose VE

The median (IQR) follow-up for two-dose participants was 89 
(61–123) days (Table 1). For specimens sampled and matched 

between epi-weeks 9 and 39, the adjusted two-dose mRNA VE 
overall was 90% (95% CI, 88%–92%): 89% (95% CI, 87%–91%) 
for BNT162b2, 93% (95% CI, 90%–95%) for mRNA-1273, and 
92% (95% CI, 86%–95%) for mixed mRNA doses (Table 2). The 
two-dose VE of 69% (95% CI, 41%–84%) at 0–6 days post–
second dose may reflect residual single-dose protection. From 
1 week to 6–7 weeks after the second dose, VE remained ≥95% 

Table 2. One- and Two-Dose Vaccine Effectiveness Against Any SARS-CoV-2 Infection

 

Cases Controls
Adjusted (Conditioned) 

for Matching Week Fully Adjusteda

All Vaccinated All Vaccinated VE, % (95% CI), % VE, % (95% CI), % 

Single-dose VE (vaccinated ≥3 wk)

Any mRNA vaccine 1265 404 7590 4267 74 (70–78) 71 (66–76)

  By vaccine type

  Pfizer mRNA BNT162b2 1243 382 7458 4024 73 (69–77) 70 (65–75)

  Moderna mRNA-1273 883 22 5298 574 80 (69–87) 77 (64–85)

  By health authorityb

  Fraser Health 724 240 4344 2614 74 (68–78) 71 (65–76)

  Vancouver Coastal Health Authority 242 102 1452 844 69 (55–79) 67 (50–78)

  Other health authoritiesc 299 62 1794 824 79 (54–90) 80 (70–86)

  By occupation

  Direct patient care (including nursing) 461 176 2303 1394 72 (64–78) 70 (60–77)

  Service providersd 101 27 401 175 58 (30–75) 68 (43–82)

Two-dose VE (vaccinated ≥2 wk)

Any mRNA vaccine 1246 535 7476 5837 91 (90–93) 90 (88–92)

  By vaccine type

  Pfizer mRNA BNT162b2 1180 469 7080 5230 90 (89–92) 89 (87–91)

  Moderna mRNA-1273 762 51 4510 1726 93 (90–95) 93 (90–95)

  Mixed mRNA 726 15 4066 546 91 (85–95) 92 (86–95)

  By sexe

  Female 1031 439 6186 4808 91 (89–93) 90 (88–92)

  Male 215 96 1290 1047 92 (88–95) 91 (86–94)

  By age groupf

  18–29 y 332 121 1992 1483 90 (87–93) 91 (87–93)

  30–39 y 420 196 2520 1963 89 (85–92) 89 (85–92)

  40–49 y 249 112 1494 1205 93 (89–95) 92 (88–95)

  50–59 y 174 72 1044 847 91 (87–94) 91 (86–94)

  60+ y 71 34 424 304 82 (63–91) 80 (58–91)

  By health authorityb

  Fraser Health Authority 578 213 3468 2587 91 (89–93) 90 (86–92)

  Vancouver Coastal Health Authority 170 106 1020 833 84 (73–91) 84 (71–91)

  Other health authoritiesc 498 216 2988 2448 92 (90–94) 93 (90–94)

  By occupation

  Direct patient care (including nursing) 476 244 2856 2371 88 (84–90) 85 (80–89)

  Service providersd 100 16 566 366 95 (90–97) 96 (92–98)

Two-dose VE, sensitivity analysisg

Long-term care, assisted living, hospice, or correctional facilities 287 134 1722 1457 87 (82–90) 82 (76–87)

Abbreviations: HCW, healthcare worker; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness.
aConditional logistic regression model adjusted for age group (18–29, 30–39, 40–49, 50–59, 60+ years), sex (male or female), and health authority of HCW’s residence (Fraser Health 
Authority, Interior Health Authority, Northern Health Authority, Vancouver Island Health Authority, and Vancouver Coastal Health Authority) using the matching epidemiological week of 
testing as strata.
bAdjustment variables exclude HCW’s health authority.
cOther health authorities include Northern Health Authority, Interior Health Authority, and Vancouver Island Health Authority.
dService providers included employees working in food, transportation, cleaning, laundry, and maintenance services in health care settings.
eAdjustment variables exclude sex.
fAdjustment variables exclude age group.
gAnalysis restricted to HCWs in long-term care/assisted living/hospice/correctional facilities.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
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against infection, declining slightly but still ≥85% by 16–27 
weeks and ≥80% by ≥28 weeks after the second dose (Figure 1). 
Two-dose VE did not vary meaningfully by sex or age group, 
slightly lower but still substantial against any infection in 
those ≥60 years (80%; 95% CI, 58%–91%). VE estimates were 
all within 10% (absolute) by HA. Two-dose VE was 85% (95% 
CI, 80%–89%) for direct care and 96% (95% CI, 92%–98%) for 
service providers.

In a simultaneous assessment of VE by interval between 
doses and time since second dose, point estimates of VE were 
consistently 5%–7% (absolute) higher among those vaccin-
ated with an interval ≥7 weeks (91%–95%) than among those 
vaccinated with an interval of 3–5 weeks (85%–88%) between 
doses, but also with overlapping confidence intervals (Figure 2; 
Supplementary Table 3). For neither interval did VE decline with 

time since vaccination out to at least 16 weeks. Among those 
twice vaccinated at a 6-week schedule, VE initially approxi-
mated that of the ≥7-week dosing interval (98%), but aligned 
more closely with the shorter 3–5-week interval by 10–15 weeks 
(85%) and 16–27 weeks (86%), declining at ≥28 weeks (79%) 
postvaccination, accompanied by wide and overlapping confi-
dence intervals.

Compared with our overall adjusted two-dose mRNA VE of 
90% (95% CI, 88%–92%), VE with restriction to HCWs in resi-
dential facilities was slightly lower, at 82% (95% CI, 76%–87%). 
Of these HCWs in residential facilities; however, median fol-
low-up was longer (126 days), with 24% revaccinated at a 3–5-
week interval and 75% at a 3–6-week interval following the first 
dose, representing more at shorter intervals between doses than 
in our primary analysis (12% and 43%, respectively).
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Figure 1. Adjusted two-dose mRNA vaccine effectiveness against any SARS-CoV-2 infection by days since vaccination among healthcare workers in British Columbia, 
Canada. Displayed are adjusted estimates of vaccine effectiveness against any SARS-CoV-2 infection, with 95% CI, by time since second dose of any mRNA vaccine (in 
days/weeks) among HCWs in British Columbia, Canada. A conditional logistic regression model was used with adjustment for age group (18–29, 30–39, 40–49, 50–59, 
60+ years), sex (male or female), and health authority of HCW’s residence (Fraser Health Authority, Interior Health Authority, Northern Health Authority, Vancouver Island 
Health Authority, and Vancouver Coastal Health Authority) using the matching epidemiological week of testing as strata. Analysis periods were modified for corresponding 
DSV to enable sufficient tests among vaccinated individuals to have accrued as follows: for 0–55 DSV, the analysis period spanned epi-weeks 9–39; for 56–83 DSV, the 
analysis period spanned epi-weeks 11–39; for 84–11 DSV, the analysis period spanned epi-weeks 15–39; for 112–195 DSV, the analysis period spanned epi-weeks 20–39; 
and for ≥196 DSV, the analysis period spanned epi-weeks 35–39. For VE analysis at 84–111 DSV, the ratio of matched controls to cases was reduced to 5:1 per epi-week of 
testing due to an insufficient number of controls in some weeks for 6:1 matching. Refer to Supplementary Table 2 for more details. Abbreviations: DSV, days since vaccination; 
HCW, healthcare worker; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VE, vaccine effectiveness.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
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DISCUSSION

In this observational study, 1 dose of mRNA vaccine provided 
substantial protection, and 2 doses were associated with strong 
and sustained reduction of SARS-CoV-2 infection risk among 
HCWs in BC, Canada. Overall, mRNA VE against any SARS-
CoV-2 infection was about 70% for a single dose across a me-
dian follow-up (IQR) of 7 (~5–10) weeks and 90% for 2 doses 
across a median follow-up (IQR) of ~13 (~9–18) weeks. VE es-
timates were similar in sensitivity and subgroup analyses and 
were slightly higher for mRNA-1273 than BNT162b2 for one-
dose (77% vs 70%) and two-dose (93% vs 89%) recipients, but 
with overlapping confidence intervals. Two-dose VE of ~≥90% 
against infection was maintained to at least 16 weeks and was 
≥80% to ≥28 weeks. VE trended higher among HCWs twice 
vaccinated at a longer interval of ≥7 weeks vs 3–5 weeks after 
the first dose, consistent with earlier population-based find-
ings [7]. Importantly, strong protection was sustained across 

follow-up spanning a mix of circulating VOCs, including earlier 
Alpha and Gamma, and later Delta, dominance.

Recognizing underlying variability in study conditions when 
comparing overall estimates, our findings, predicated on gener-
ally longer dosing intervals and follow-up periods, nevertheless 
align well with estimates elsewhere, particularly with studies 
using similar methods. For instance, in a TND study with epi-
week matching from Quebec, Canada, where an extended in-
terval between doses was also applied, VE against SARS-CoV-2 
infection at ≥14 days after 1 dose was 70% (95% CI, 68%–73%; 
8-week median follow-up), and at ≥7 days after 2 doses it was 
86% (95% CI, 81%–89%; shorter 18-day median follow-up) 
[14]. Similarly, using the TND with matching, a US HCW study 
reported single-dose mRNA VE (≥14 days postvaccination) 
of 80% (95% CI, 74%–84%) with second doses administered 
according to the manufacturer-specified interval (median, 
21 days apart); second-dose VE at ≥7 days was 90% (95% CI, 
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Figure 2. Adjusted two-dose mRNA vaccine effectiveness against any SARS-CoV-2 infection, by interval between doses and days since vaccination, among healthcare 
workers in British Columbia, Canada. Displayed are adjusted estimates of vaccine effectiveness against any SARS-CoV-2 infection, with 95% CI, by interval between first 
and second doses and time since second dose of any mRNA vaccine (in days/weeks) among HCWs in British Columbia, Canada. A conditional logistic regression model was 
used with adjustment for age group (18–29, 30–39, 40–49, 50–59, 60+ years), sex (male or female), and health authority of HCW’s residence (Fraser Health Authority, Interior 
Health Authority, Northern Health Authority, Vancouver Island Health Authority, and Vancouver Coastal Health Authority) using the matching epi-week of testing as strata. 
Refer to Supplementary Table 3 for more details. Abbreviations: HCW, health care worker; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac178#supplementary-data
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87%–93%) with shorter 41-day median case follow-up, but this 
was also sustained at >80% through 14 weeks postvaccination 
[15]. Our findings further align with prospective cohort studies 
among HCWs from the United States and the United Kingdom 
[16, 17]. In prospective evaluation against any SARS-CoV-2 in-
fection in the United States [16], mRNA VE at ≥14 days after ei-
ther dose was 81% (95% CI, 64%–90%) for one-dose recipients 
and 91% (95% CI, 76%–97%) for two-dose recipients, the latter 
across a median (IQR) follow-up of 69 (53–81) days. In another 
prospective study in the United Kingdom [17], VE ≥21 days 
after 1 BNT162b2 dose was 70% (95% CI, 55%–85%; median, 
21-day follow-up) and 85% (95% CI, 74%–96%) at ≥7 days 
after a second dose (median follow-up, 39 days). Other studies 
among HCWs predicated upon retrospective cohort design [12, 
18, 19] have shown more variability. For example, in an earlier 
cohort analysis among HCWs in Vancouver, BC, that also used 
the WHITE database (applying continuous calendar time ad-
justment rather than categorical or matched analysis), VE 
at ≥14 days after a single dose of mRNA vaccine was as low as 
37% (95% CI, 17%–53%) [12], whereas VE at 14–34 days after 
1 BNT162b2 dose ranged as high as 98% (95% CI, 95%–99%) 
in Italy [18]. Similarly, two-dose VE has ranged in retrospec-
tive cohort design from 79% (95% CI, 65%–88%) at ≥7 days in 
Vancouver, BC [12], to 97% (95% CI, 95%–98%) at >14 days 
for BNT162b2 [19] and 99% (95% CI, 90%–100%) at >14 days 
for mRNA-1273 in the United States [19]. Retrospective cohort 
analyses may be subject to the precarious assumption that ab-
sence of a test result equates with absence of infection. Such an 
assumption may be variably true depending upon access and 
completeness of testing by jurisdiction but overall introduces 
greater risk of selection bias compared with more systematic 
or standardized likelihood of testing among prospective cohort 
or TND approaches. Other differences in prevailing conditions 
and methods or context should also be taken into account when 
comparing VE estimates across studies.

In addition to our generally longer follow-up periods, second-
dose scheduling recommendations in Canada facilitated assess-
ment of VE at intervals longer than specified by manufacturers. 
The findings from this study reassuringly add to other evidence 
[5–7] in reinforcing policy recommendations to extend the in-
terval between mRNA doses to ≥8 weeks by the NACI in Canada 
[2] and subsequently by the Centers for Disease Control and 
Prevention in the United States [20]. We observed higher VE 
at a longer interval of ≥7 weeks between doses, also consistent 
with accumulating epidemiological [7, 21] and immunolog-
ical evidence [5, 6, 22]. Protection was more variable over time 
among HCWs revaccinated at 6-week vs 3–5-week or ≥7-week 
intervals. The pattern of decline in two-dose VE among those 
revaccinated at 6-week but not shorter or longer dosing inter-
vals may reflect differential exposure risk and/or testing behav-
iors among HCWs prioritized for earlier vaccination and then 
revaccinated 6 weeks later in January/February 2021 compared 

with most who received their first and second doses later in the 
year and with a longer interval between. We also acknowledge 
our smaller sample size with greater stratification, particularly 
among those revaccinated at the shortest 3–5-week interval be-
tween doses, with broadly overlapping confidence intervals.

With calendar time being among the most important 
confounders in observational VE studies, an important strength 
of this study is the matching of cases and controls on the epide-
miological week of testing in addition to covariate adjustment 
for age, sex, and geographic region. However, this study also 
has limitations, mainly related to its observational design and 
use of surveillance-based data subject to misclassified, missing, 
or incomplete information. Vaccine status based on PIR record 
and case ascertainment based on specific nucleic acid detection 
mitigated vaccine or outcome misclassification. We were unable 
to adjust for comorbidities or other potential confounders (such 
as race/ethnicity) due to data limitations, and our findings were 
based on any SARS-CoV-2 infection without regard to symp-
toms or severity. Given the young profile of our study popula-
tion, comorbidities and severe outcomes are less contributory, 
but our outcome of any infection may have underestimated VE 
compared with clinical trials based on symptomatic infection [8, 
23, 24]. We attempted to standardize for the testing indication 
by excluding HCWs screened for workplace exposure or em-
ployed by residential care facilities, where both vaccination and 
test positivity rates were more likely to differ. However, these 
efforts may have been incomplete and would further limit the 
generalizability of our findings. Provincial policy did not other-
wise include routine screening of HCWs in acute or community 
care settings (or based on vaccine status), but we cannot rule 
out such testing. Although our study population was restricted 
to HCWs and we further stratified based on broad worker 
categories, differential exposure risk may still exist between 
vaccinated and unvaccinated workers. The analysis of longer 
time since vaccination (≥28 weeks) was confounded by VOC 
circulation with Delta dominance during that period (August 
29–October 2); however, in population-based analyses, two-
dose VE against Delta did not meaningfully differ from Alpha 
among adults in BC or Quebec, Canada [7]. We cannot reliably 
comment upon the extent to which our observations may ex-
tend to other variants that have further evolved genetically and 
antigenically away from the vaccine strain, such as the more re-
cently emergent Omicron VOC. Regardless, understanding the 
potential duration of two-dose protection under conditions of 
relatively greater or lesser genetic match between the vaccine 
and circulating strain may help inform the timing of booster 
doses if and when the vaccine antigen is updated.

In summary, we show substantial single-dose and strong and 
sustained two-dose mRNA VE against any infection among a 
large and diverse population of HCWs in acute and community 
care, spanning at least 7 months of follow-up. Our findings re-
assure against marked waning of protection against infection 
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per se, even among HCWs and despite VOC circulation, no-
tably Delta. Such protection may have been facilitated by the 
Canadian decision to extend the interval between first and 
second doses, reinforcing that option in other jurisdictions or 
for future cohorts in the context of vaccine supply constraints 
and/or where urgent top-up of already substantial 1-dose pro-
tection is less pressing. These findings among a potentially 
highly exposed population may inform booster dose discus-
sions more generally, particularly in considering the health 
and equity implications for HCWs, their patients, and others 
globally.
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