S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Articles

Durability of BNT162b2 vaccine against hospital and
emergency department admissions due to the omicron and
delta variants in a large health system in the USA: a test-
negative case-control study

Sara Y Tartof, Jeff M Slezak, Laura Puzniak, Vennis Hong, Fagen Xie, Bradley K Ackerson, Srinivas R Valluri, Luis Jodar, John M McLaughlin

Summary

Background The duration of protection against the omicron (B.1.1.529) variant for current COVID-19 vaccines is not
well characterised. Vaccine-specific estimates are especially needed. We aimed to evaluate the effectiveness and
durability of two and three doses of the BNT162b2 (Pfizer-BioNTech) mRNA vaccine against hospital and emergency
department admissions due to the delta (B.1.617.2) and omicron variants.

Methods In this case—control study with a test-negative design, we analysed electronic health records of members of
Kaiser Permanente Southern California (KPSC), a large integrated health system in California, USA, from Dec 1, 2021,
to Feb 6, 2022. Vaccine effectiveness was calculated in KPSC patients aged 18 years and older admitted to hospital or
an emergency department (without a subsequent hospital admission) with a diagnosis of acute respiratory infection
and tested for SARS-CoV-2 via PCR. Adjusted vaccine effectiveness was estimated with odds ratios from adjusted
logistic regression models. This study is registered with ClinicalTrials.gov (NCT04848584).

Findings Analyses were done for 11123 hospital or emergency department admissions. In adjusted analyses,
effectiveness of two doses of the BNT162b2 vaccine against the omicron variant was 41% (95% CI 21-55) against
hospital admission and 31% (16-43) against emergency department admission at 9 months or longer after the second
dose. After three doses, effectiveness of BNT162b2 against hospital admission due to the omicron variant was 85%
(95% CI 80-89) at less than 3 months but fell to 55% (28-71) at 3 months or longer, although confidence intervals
were wide for the latter estimate. Against emergency department admission, the effectiveness of three doses of
BNT162b2 against the omicron variant was 77% (72-81) at less than 3 months but fell to 53% (36-66) at 3 months or
longer. Trends in waning against SARS-CoV-2 outcomes due to the delta variant were generally similar, but with
higher effectiveness estimates at each timepoint than those seen for the omicron variant.

Interpretation Three doses of BNT162b2 conferred high protection against hospital and emergency department
admission due to both the delta and omicron variants in the first 3 months after vaccination. However, 3 months after
receipt of a third dose, waning was apparent against SARS-CoV-2 outcomes due to the omicron variant, including
hospital admission. Additional doses of current, adapted, or novel COVD-19 vaccines might be needed to maintain
high levels of protection against subsequent waves of SARS-CoV-2 caused by the omicron variant or future variants
with similar escape potential.

Funding Pfizer.
Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction Preliminary studies have shown that two doses of the

The SARS-CoV-2 omicron (B.1.1.529) variant was
originally identified in Botswana and South Africa in
November, 2021. Compared to the original SARS-CoV-2
strain (Wuhan-Hu-1), omicron (including BA lineages
of B.1.1.529) has more than 30 mutations in its spike
(S) protein. Many of these mutations are in the receptor-
binding domain and have been shown to correspond
with a high degree of transmissibility and neutralising
antibody escape.' Subsequently, omicron was declared a
variant of concern by WHO on Nov 26, 2021, and has
since rapidly become the dominant SARS-CoV-2 variant
globally.?
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BNT162b2 (Pfizer-BioNTech) mRNA vaccine do not
sufficiently neutralise the omicron variant. Additionally,
although levels of neutralisation against omicron after
three doses of BNT162b2 are substantially higher than
those seen after two doses, they are lower than those
observed for the wild-type strain and for the delta
(B.1.6172) variant*” However, early data suggest that
T-cell responses induced by previous SARS-CoV-2
infection and by the BNT162b2 vaccine are not
significantly altered against omicron.*” Although these
findings suggest that protection against severe
SARS-CoV-2 infection with omicron is likely to be better
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Research in context

Evidence before this study

We searched PubMed, medRxiv, and press coverage up to
March 1, 2022, using the terms “BNT162b2", “vaccin*”,
"COVID-19", “effective*”, “impact”, “model”, “omicron”, and
“delta” for preprint and published studies, without applying any
language restrictions. Due to the timing of publications, most
reports were unable to describe vaccine effectiveness or
durability against SARS-CoV-2 infection with the omicron
(B.1.1.529) variant. Available data as of March 1, 2022, suggest
that two doses of an mRNA vaccine provide reduced protection
against the omicron variant and symptomatic COVID-19
compared with the delta (B.1.617.2) variant, and moderate
protection against severe SARS-CoV-2 infection.

The effectiveness of a third dose against infection with the
omicron variant or symptomatic COVID-19 has been estimated
to be higher than that of two doses, but with waning observed in
the first few months. Only a few reports have estimated the
effectiveness of a third dose against hospital admission due to
the omicron variant, with an even smaller number evaluating the
durability of a booster dose against severe outcomes. Studies
evaluating the longer-term effectiveness of two and three doses
of BNT162b2 against the omicron variant, especially for severe
outcomes, are urgently needed.

preserved than that against less symptomatic infection in
most individuals, the extent of the impact on vaccine
effectiveness and potential waning is unclear.

Estimates of the real-world effectiveness of BNT162b2
(and other COVID-19 vaccines) against infection caused
by the omicron variant are limited to data from
South Africa® and the US Centers for Disease Control
and Prevention (CDC),** and preprint reports from
the UK,” the USA® Canada,” Qatar,® and Denmark.”
Generally speaking, these data suggest that two doses of
the mRNA vaccine are likely to provide only limited and
short-lived protection against infection caused by the
omicron variant and symptomatic COVID-19,*** and
two doses have reduced effectiveness against hospital
admission due to omicron compared to that seen
for previous SARS-CoV-2 variants.”™” Additionally,
preliminary data suggest that three doses of the
mRNA vaccine provide increased but modest protection
against SARS-CoV-2 infection'***% that wanes quickly,
as well as increased protection against hospital admission
in the first few months.***

The effectiveness of a third (booster) dose of an mRNA
vaccine against infection with the omicron variant or
symptomatic COVID-19 has been estimated to be higher
than that achieved after two doses,*”** but with waning
observed in the first few months.”” Only two published
reports from the CDC“" and one non-peer-reviewed
report” have estimated the effectiveness of a third dose
against hospital admission due to omicron. All studies
reported vaccine effectiveness of roughly 90% soon after

Added value of this study

In this case-control study covering a large, diverse population in
the USA, we show that in the first 3 months after receipt of a
third dose, the BNT162b2 vaccine provided 85% protection
against hospital admission due to the omicron variant but less
protection thereafter. Three doses of BNT162b2 were also
effective at preventing emergency department admissions due
to the omicron variant (albeit slightly less effective than
preventing hospital admissions); however, the protection
afforded by three doses also waned over time for this milder
form of SARS-CoV-2 infection. These are some of the earliest
data showing the effectiveness of three doses of BNT162b2
against SARS-CoV-2 infection due to the omicron variant, while
also highlighting that this protection is likely to wane after

3 months, even for hospital admissions.

Implications of all the available evidence

In the future, additional doses of current, adapted, or novel
COVID-19 vaccines might be needed to maintain high
protection against severe SARS-CoV-2 infection and maintain
sufficient vaccine-induced pressure on future SARS-CoV-2
outbreaks.

receipt of the third dose of an mRNA vaccine; however,
none reported vaccine-specific estimates™™” and only
one provided long-term follow-up after receipt of a
booster dose.” Thus, studies evaluating the effectiveness
of BNT162b2 against omicron in other robust health
systems across the world, especially for severe outcomes
and with sufficient follow-up, are urgently needed to
inform public-health decision making about the need for
(and timing of) additional boosters, improved COVID-19
vaccines tailored to target the omicron variant, or other
effective COVID-19 vaccines. We aimed to evaluate the
age-specific effectiveness and durability of two and
three doses of BNT162b2 against hospital and emergency
department admissions due to the omicron variant in a
large integrated health system in the USA.

Methods

Study design and participants

This test-negative case—control study included members
of Kaiser Permanente Southern California (KPSC), a large
integrated health-care system in California, USA. KPSC
membership includes more than 4-7 million members
who are representative of the socioeconomic, racial, and
ethnic diversity of the population of southern California.*
KPSC electronic health records integrate clinical data
across all settings of care, including care delivered to
members outside of the KPSC system. The study protocol
was reviewed and approved by the KPSC institutional
review board, which waived requirement for informed
consent (number 12816).

www.thelancet.com/respiratory Vol 10 July 2022
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All KPSC patients aged 18 years and older who were
admitted to hospital or an emergency department from
Dec 1, 2021 (date of the first laboratory-confirmed
SARS-CoV-2 infection due to the omicron variant at
KPSC), to Feb 6, 2022, with a diagnosis of acute respiratory
infection based on ICD-10 codes (appendix pp 1-3) and
who underwent a PCR test for SARS-CoV-2 were eligible
for inclusion in this study. For inclusion in this study,
patients were required to have at least 1 year of health
plan membership (allowing a 45-day gap during previous
membership to allow for potential delays in renewal) to
determine comorbidities and medical history.

Specimens were included in the analysis if they were
tested with the ThermoFisher TagPath COVID-19 Combo
Kit (ThermoFisher; Waltham, MA, USA), which can
distinguish specimens with S protein target failure
among positive specimens. Mutations in the S protein of
omicron specimens cause a failure in PCR probes
targeting the S gene, while the Orflab and nucleocapsid
(N) probes retain sensitivity. S gene target failure (SGTF)
is rare for the delta variant.*” An internal validation
study of 1477 SARS-CoV-2 isolates that underwent whole
genome sequencing resulted in confirmation of the
omicronlineage in all SGTF samples (382 [100 - 0%)] of 382)
and the delta lineage was confirmed in 1092 (99-7%) of
1095 non-SGTF samples. Thus, samples with SGTF were
characterised as omicron and those without as delta.
We also included specimens not tested with the
ThermoFisher TaqPath kit that were collected during
periods when there was a 7-day rolling average with at
least 95% predominance of a single variant lineage
(ie, delta or omicron). Specifically, specimens collected
from Dec 1, 2021, to Dec 9, 2021, were characterised as
delta, and those from Dec 20, 2021, through to the end of
the study period characterised as omicron (appendix
pp 3-4). Specimens not tested on the ThermoFisher
TaqPath COVID-19 Combo Kit or outside of our specified
delta or omicron time periods were excluded from the
analyses.

Exposures

COVID-19 vaccines were provided at no cost to KPSC
members following emergency use authorisation.
Vaccinations administered outside of KPSC were
captured via the California Immunization Registry, to
which providers are required to report all COVID-19
vaccine administrations within 24 h.

Being immunised with three doses of BNT162b2 was
defined as receiving a third dose of BNT162b2 at least
21 days after receiving two doses of BNT162b2, with at
least 14 days elapsing after the third dose. Individuals
who received a third dose less than 21 days after their
second dose of BNT162b2, or had a hospital or emergency
department admission up to and including 14 days since
the third dose, or who received a third dose of a COVID-19
vaccine that was not BNT162b2 were excluded from the
analysis. Immunisation with only two doses of BNT162b2
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was defined as receiving two doses of BNT162b2, with at
least 7 days elapsing after the second dose (and no
third dose).** Individuals with partial vaccination were
excluded; partial vaccination was defined as receipt of
only one dose of BNT162b2, receipt of a third dose less
than 21 days after a second dose of BNT162b2, or having
a hospital or emergency department admission up to and
including 7 days since the second dose or 14 days since
the third dose. Individuals were considered unvaccinated
if they had never received BNT162b2 or any other
COVID-19 vaccine.

Outcomes

Cases of hospital admission or an emergency
department admission without a subsequent hospital
admission were defined as those with a diagnosis of
acute respiratory infection and a KPSC laboratory-
confirmed positive SARS-CoV-2 PCR test from a sample
collected within 14 days before the initial admission date
through to 3 days after the admission. Controls were
defined as those with a KPSC laboratory-confirmed
negative SARS-CoV-2 PCR test collected within 14 days
before a hospital or emergency department admission
for acute respiratory infection to 3 days after the
admission, and no laboratory-confirmed positive
SARS-CoV-2 PCR tests within 90 days before the initial
admission. Patients could contribute more than
one event to the study if a subsequent event for the
same patient occurred more than 30 days after the
previous event.

Statistical analysis

We described the distribution of demographic and clinical
characteristics of the study cohort by outcome status and
COVID-19 vaccination status. Characteristics of cases and
controls were compared by use of y2 test for categorical
variables and Fisher’s exact text for binary variables.
Crude and adjusted vaccine effectiveness estimates
following receipt of both two and three doses of BNT162b2
in the hospital and emergency department setting were
constructed and compared with odds ratios (ORs) and
95% Cls from logistic regression models. Vaccine
effectiveness was calculated as 1-OR multiplied by 100%,
with corresponding 95% Cls calculated with the Wald
method. Adjusted ORs and 95% Cls were estimated by
adjusting for age (18-49, 50-64, and =65 years), sex
(male and female), race or ethnicity (Hispanic, non-
Hispanic White, non-Hispanic Black, non-Hispanic Asian
or Pacific Islander, and other or unknown), body-mass
index (<185 kg/m2, 18-5-24-9 kg/m2, 25-0-29-9 kg/m2,
30-0-34-9kg/m2, >35-0 kg/m2, and unknown), Charlson
Comorbidity Index (0, 1, 2, 3, and =4), receipt of influenza
vaccine in the year before admission (ever vs never),
receipt of pneumococcal vaccine in the 5 years before
admission (ever vs never), and documentation of previous
SARS-CoV-2 infection (ever vs never) in multivariable
logistic regression models. Analyses were done separately

See Online for appendix
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16 063 hospital encounters with a SARS-CoV-2 test
19699 ED encounters with a SARS-CoV-2 test

—»

12347 hospital encounters without an ARI diagnosis excluded
10332 ED encounters without an ARI diagnosis excluded

v

3716 hospital encounters with an ARI diagnosis
9367 ED encounters with an ARI diagnosis

64 hospital encounters with partial vaccination excluded

207 ED encounters with partial vaccination excluded

v

2326 hospital encounters with a
positive SARS-CoV-2 test

6724 ED encounters with a positive
SARS-CoV-2 test

v

1326 hospital encounters with a
negative SARS-CoV-2 test

2436 ED encounters with a negative
SARS-CoV-2 test

v ! v

377 hospital encounters with an
unknown variant excluded

1312 ED encounters with an unknown
variant excluded

369 unvaccinated 483 hospital 474 hospital
hospital encounters encounters
encounters with two with three

694 unvaccinated doses doses
ED encounters 1042 ED encounters 700 ED encounters

with two with three
doses doses

v

v

647 hospital encounters with delta 1302 hospital encounters with omicron
(B.1.617.2) variant (B.1.1.529) variant
2191 ED encounters with delta (B.1.617.2) 3221 ED encounters with omicron
variant (B.1.1.529) variant
v ! v v y v
476 unvaccinated 123 hospital 48 hospital 804 unvaccinated 364 hospital 134 hospital
hospital encounters encounters hospital encounters encounters
encounters with two doses with three encounters with two with three
1272 unvaccinated 731 ED encounters doses 1550 unvaccinated doses doses
ED encounters with two doses 188 ED encounters ED encounters 1238 ED encounters 433 ED encounters
with three with two with three
doses doses doses
Figure 1: Flowchart for study population
ARI=acute respiratory infection. ED=emergency department.
for hospital and emergency department admissions. Results

692

Analyses were further stratified by variant (delta vs
omicron) and by age group (18—64 years vs =65 years). We
also assessed vaccine effectiveness by time since
vaccination (months since completion of a two-dose [only]
or three-dose series).

All analyses were done with SAS Enterprise Guide
statistical software (version 71). This study is registered
with ClinicalTrials.gov (NCT04848584).

Role of the funding source

This study was sponsored by Pfizer. The study design
was developed by KPSC but approved by Pfizer. KPSC
alone collected and analysed the data. KPSC and Pfizer
participated in the interpretation of data and the writing
of the report.

Between Dec 1, 2021, and Feb 6, 2022, there were
16063 hospital admissions and 19699 emergency
department admissions across the KPSC health-care
system with a documented SARS-CoV-2 PCR test.
3716 (23%) 0f 16 063 hospital admissions and 9367 (48%)
of 19699 emergency department admissions were for
acute respiratory infection (figure 1). Of these, the final
study population consisted of 11123 encounters where
patients were either SARS-CoV-2 negative, tested via the
ThermoFisher TaqPath COVID-19 Combo Kit (and thus
SGTF could be determined), or were assigned a variant
lineage based on the time when the infection occurred
(ie, when =95% of all infections were due to the delta or
omicron variant). Among the final study population,
7361 (66%) of 11123 patients with hospital encounters

www.thelancet.com/respiratory Vol 10 July 2022
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SARS-CoV-2 Delta (B.1.617.2) Omicron (B.1.1.529) Total (n=11123) pvalue
negative (n=3762) variant (n=2838) variant (n=4523)
Age, years
18-49 1568 (42%) 1579 (56%) 2102 (47%) 5249 (47%) <0-0001
50-64 709 (19%) 774 (27%) 1014 (22%) 2497 (22%)
>65 1485 (40%) 485 (17%) 1407 (31%) 3377 (30%)
Sex
Male 1607 (43%) 1230 (43%) 1885 (42%) 4722 (43%) 0-34
Female 2155 (57%) 1608 (57%) 2638 (58%) 6401 (58%)
Race or ethnicity
Asian 362 (10%) 204 (7%) 351 (8%) 917 (8%) <0-0001
Black 489 (13%) 298 (11%) 701 (16%) 1488 (13%)
Hispanic 1465 (39%) 1425 (50%) 2145 (47%) 5035 (45%)
Other or unknown 111 (3%) 118 (4%) 170 (4%) 399 (4%)
White 1335 (36%) 793 (28%) 1156 (26%) 3284 (30%)
Body-mass index, kg/m?
<185 (underweight) 133 (4%) 28 (1%) 97 (2%) 258 (2%) <0-0001
18:5-24-9 (normal or healthy weight) 977 (26%) 460 (16%) 1002 (22%) 2439 (22%)
25.0-29:9 (overweight) 1054 (28%) 859 (30%) 1250 (28%) 3163 (28%)
30-0-34-9 (obese, class 1) 754 (20%) 702 (25%) 1032 (23%) 2488 (22%)
2350 (obese, class 2-3) 807 (22%) 745 (26%) 1071 (24%) 2623 (24%)
Unknown 37 (1%) 44 (2%) 71(2%) 152 (1%)
Comorbidities
Hypertension 1658 (44%) 686 (24%) 1556 (34%) 3900 (35%) <0-0001
Congestive heart failure 568 (15%) 88 (3%) 361 (8%) 1017 (9%) <0-0001
Myocardial infarction 230 (6%) 52 (2%) 157 (4%) 439 (4%) <0-0001
Peripheral vascular disease 1139 (30%) 272 (10%) 885 (20%) 2296 (21%) <0-0001
Cerebrovascular disease 245 (7%) 60 (2%) 205 (5%) 510 (5%) <0-0001
Diabetes status
Diabetes; unknown glycated haemoglobin 55 (2%) 37 (1%) 76 (2%) 168 (2%) <0-0001
Diabetes; glycated haemoglobin <7-5% 625 (17%) 249 (9%) 539 (12%) 1413 (13%)
Diabetes; glycated haemoglobin =7-5% 361 (10%) 232 (8%) 440 (10%) 1033 (9%)
Chronic obstructive pulmonary disease 1032 (27%) 416 (15%) 681 (15%) 2129 (19%) <0-0001
Renal disease 720 (19%) 175 (6%) 598 (13%) 1493 (13%) <0-0001
Malignancy 339 (9%) 96 (3%) 231 (5%) 666 (6%) <0-0001
Organ transplant 26 (1%) 24 (1%) 72 (2%) 122 (1%) 0-0002
Charlson Comorbidity Index
0 1530 (41%) 1744 (62%) 2337 (52%) 5611 (50%) <0-0001
1 607 (16%) 539 (19%) 806 (18%) 1952 (18%)
2 383 (10%) 245 (9%) 405 (9%) 1033 (9%)
3 244 (7%) 111 (4%) 255 (6%) 610 (6%)
24 998 (27%) 199 (7%) 720 (16%) 1917 (17%)
Influenza vaccine year before admission 2061 (55%) 860 (30%) 1752 (39%) 4673 (42%) <0-0001
Pneumococcal vaccine 5 years before admission 916 (24%) 460 (16%) 883 (20%) 2259 (20%) <0-0001
Previous positive SARS-CoV-2 PCR test 602 (16%) 155 (6%) 320 (7%) 1077 (10%) <0-0001
BNT162b2 vaccination status
Unvaccinated 1063 (28%) 1748 (62%) 2354 (52%) 5165 (46%) <0-0001
Two doses (only) in the past =7 days and <3 months 169 (5%) 57 (2%) 127 3%) 353 (3%)
Two doses 3 to <6 months ago 304 (8%) 176 (6%) 319 (7%) 799 (7%)
Two doses 3 to <9 months ago 635 (17%) 404 (14%) 599 (13%) 1638 (15%)
Two doses =9 months ago 417 (11%) 217 (8%) 557 (12%) 1191 (11%)
Three doses in the past =14 days and <3 months 1022 (27%) 188 (7%) 430 (10%) 1640 (15%)
Three doses =3 months ago 152 (4%) 48 (2%) 137 (3%) 337 (3%)
Table 1: Characteristics of cases and test-negative controls among patients diagnosed with acute respiratory infection from Dec 1, 2021, to Feb 6, 2022

www.thelancet.com/respiratory Vol 10 July 2022
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Unvaccinated Two doses (only) Threedosesin  Total (n=11123) p value
(n=5165) inthe past =7 the past 214
days (n=3981) days (n=1977)

Age, years
18-49 2691 (52%) 2094 (53%) 464 (24%) 5249 (47%) <0-0001
50-64 1245 (24%) 846 (21%) 406 (21%) 2497 (22%)
265 1229 (24%) 1041 (26%) 1107 (56%) 3377 (30%)

Sex
Male 2275 (44%) 1536 (39%) 911 (46%) 4722 (43%) <0-0001
Female 2890 (56%) 2445 (61%) 1066 (54%) 6401 (58%)

Race or ethnicity
Asian 246 (5%) 376 (9%) 295 (15%) 917 (8%) <0-0001
Black 794 (15%) 528 (13%) 166 (8%) 1488 (13%)
Hispanic 2374 (46%) 1955 (49%) 706 (36%) 5035 (45%)
Other/Unknown 200 (4%) 143 (4%) 56 (3%) 399 (4%)
White 1551 (30%) 979 (25%) 754 (38%) 3284 (30%)

Body-mass index, kg/m?
<185 (underweight) 116 (2%) 82 (2%) 60 (3%) 258 (2%) <0-0001
18-5-24-9 (normal or healthy weight) 1030 (20%) 867 (22%) 542 (27%) 2439 (22%)
25.0-29:9 (overweight) 1427 (28%) 1132 (28%) 604 (31%) 3163 (28%)
30-0-34-9 (obese, class 1) 1198 (23%) 884 (22%) 406 (21%) 2488 (22%)
235-0 (obese, class 2-3) 1302 (25%) 967 (24%) 354 (18%) 2623 (24%)
Unknown 92 (2%) 49 (1%) 11 (1%) 152 (1%)

Comorbidities
Hypertension 1428 (28%) 1368 (34%) 1104 (56%) 3900 (35%) <0-0001
Congestive heart failure 307 (6%) 386 (10%) 324 (16%) 1017 (9%) <0-0001
Myocardial infarction 135 3%) 167 (4%) 137 (7%) 439 (4%) <0-0001
Peripheral vascular disease 712 (14%) 752 (19%) 832 (42%) 2296 (21%) <0-0001
Cerebrovascular disease 188 (4%) 180 (5%) 142 (7%) 510 (5%) <0-0001
Diabetes <0-0001

Diabetes; unknown glycated haemoglobin 95 (2%) 52 (1%) 21 (1%) 168 (2%)

Diabetes; glycated haemoglobin <7-5% 466 (9%) 508 (13%) 439 (22%) 1413 (13%)

Diabetes; glycated haemoglobin =7-5% 402 (8%) 393 (10%) 238 (12%) 1033 (9%)

Chronic obstructive pulmonary disease 828 (16%) 739 (19%) 562 (28%) 2129 (19%) <0-0001
Renal disease 468 (9%) 522 (13%) 503 (25%) 1493 (13%) <0-0001
Malignancy 205 (4%) 215 (5%) 246 (12%) 666 (6%) <0-0001
Organ transplant 23 (0:4%) 37 (1%) 62 (3%) 122 (1%) <0-0001

Charlson Comorbidity Index
0 3000 (58%) 2046 (51%) 565 (29%) 5611 (50%) <0-0001
1 943 (18%) 712 (18%) 297 (15%) 1952 (18%)
2 407 (8%) 358 (9%) 268 (14%) 1033 (9%)
3 215 (4%) 197 (5%) 198 (10%) 610 (6%)
>4 600 (12%) 668 (17%) 649 (33%) 1917 (17%)
Influenza vaccine year before admission 997 (19%) 1995 (50%) 1681 (85%) 4673 (42%) <0-0001
Pneumococcal vaccine 5 years before admission 841 (16%) 794 (20%) 624 (32%) 2259 (20%) <0-0001
Previous positive SARS-CoV-2 PCR test 469 (9%) 452 (11%) 156 (8%) 1077 (10%) <0-0001
Table 2: Characteristics by vaccination status among patients with a diagnosis of acute respiratory infection from Dec 1, 2021, to Feb 6, 2022

had a positive SARS-CoV-2 test, with 4523 (61%) of 7361
identified as omicron, and 2838 (39%) of 7361 identified
as delta. Overall, 5165 (46%) of 11123 patients were
unvaccinated, 3981 (36%) of 11123 were vaccinated with
two doses only, and 1977 (18%) of 11123 were vaccinated
with three doses. The median age of the study
population was 51 years (IQR 35-69). Compared to

those who tested positive for SARS-CoV-2, those who
tested negative tended to be older and White and more
likely to have comorbidities and evidence of previous
SARS-CoV-2 infection (table 1). Compared to patients
who received three doses, unvaccinated patients were
younger, more likely to be Black or Hispanic, less
likely to have comorbidities, and less likely to have

www.thelancet.com/respiratory Vol 10 July 2022
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Hospital admission due to delta (B.1.617.2) variant Hospital admission due to omicron (B.1.1.529) variant
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Figure 2: Adjusted vaccine effectiveness of mRNA COVID-19 vaccine BNT162b2 (Pfizer-BioNTech) against hospital and emergency department admission
among individuals diagnosed with acute respiratory infection by variant of concern, from Dec 1, 2021, to Feb 6, 2022
Estimates adjusted for age, sex, race or ethnicity, body-mass index, Charlson comorbidity index, previous SARS-CoV-2 infection, previous influenza vaccination, and

previous pneumococcal vaccination.

previously received influenza or pneumococcal
vaccination (table 2).
Among the study population, 3275 (29%) of

11123 patients were admitted to the hospital and
7848 (71%) of 11123 were admitted to the emergency
department (without a subsequent hospital admission).
Of those admitted to the hospital with a positive
SARS-CoV-2 test, 647 (33%) of 1949 were infected with
the delta variant and 1302 (67%) of 1949 were infected
with the omicron variant (figure 1). Of those admitted to
the emergency department only, 2191 (40%) of 5412 were
infected with the delta variant and 3221 (60%) of 5412 were
infected with the omicron variant.

In adjusted vaccine effectiveness analyses, three doses
of BNT162b2 restored immunity against hospital
admission and emergency department admission
(without a subsequent hospital admission) due to the
delta variant to the level seen 3 months after the second
dose, which waned 6 months after receipt of only
two doses (figure 2; appendix p 5). Vaccine effectiveness
against hospital admission due to the delta variant after
two doses remained relatively consistent, at 84% (95% CI
74-90) less than 6 months after two doses and 73%
(63-80) at least 6 months after two doses. The
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effectiveness of three doses against hospital admission
due to the delta variant appeared to fall from 89%
(95% CI 83-93) less than 3 months after three doses
to 71% (40-86) from 3 months onwards, although the
confidence intervals overlapped and were wide around
the latter estimate. Against emergency department
admission due to the delta variant, the effectiveness of
two doses of BNT162b2 declined from 78% (95% CI
69-85) less than 3 months after the second dose to 57%
(45-66) from 9 months onwards. Vaccine effectiveness
against emergency department admission due to the
delta variant was 84% (95% CI 80-87) less than 3 months
after the third dose. Overall vaccine effectiveness after a
third dose was 87% (95% CI 81-92) against hospital
admission due to the delta variant and 83% (79-86)
against emergency department admission due to the
delta variant (appendix p 5).

Immunity conferred by two or three doses of BNT162b2
was lower for the omicron variant than for the
delta variant (figure 2; appendix p 5). The effectiveness of
two doses against hospital admission due to the
omicron variant was 68% (95% CI 48-80) at less than
3 months following a second dose and 41% (21-55) at
9 months onwards. The effectiveness of three doses
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against hospital admission due to the omicron variant
was 85% (95% CI 80-89) at less than 3 months following
the third dose but fell to 55% (28-71) from 3 months
onwards, although the confidence intervals were wide for
this latter estimate. Protection against emergency
department admission due to the omicron variant also
appeared to wane after two doses, falling from 64%
(95% CI 51-73) at less than 3 months after the second
dose to 51% (43-59) at 6-9 months after the second dose
and 31% (16—43) at 9 months onwards. The effectiveness
of three doses against emergency department admission
due to the omicron variant also waned, declining
from 77% (95% CI 72-81) at less than 3 months following
a third dose to 53% (36-66) at 3 months onwards
(appendix p 5).

Overall, stratification of vaccine effectiveness by age
group showed similar trends as with all ages, but revealed
slightly higher vaccine effectiveness estimates among
individuals aged 65 years and older versus those aged
18-64 years (appendix pp 6-8).

Discussion

In the first few months after receiving a booster dose of
BNT162b2, it confers high protection (around 80-90%)
against hospital and emergency department admission
caused by the delta and omicron variants. Against the
omicron variant, however, this protection is likely to wane
significantly over time—even after a third dose. Specifically,
in the present study, 3—5 months after receiving a booster
dose of BNT162b2, effectiveness against hospital
admission due to the omicron variant fell to 55% (95% CI
28-71), and effectiveness against emergency department
admission due to the omicron variant (without subsequent
hospital admission) fell to 53% (36-66), although
confidence intervals were wide around the point estimate
for hospital and emergency department admissions.

Our estimates of the effectiveness of three doses against
hospital admission due to the omicron variant less than
3 months after the third dose (85% [95% CI 80-89]) were
generally similar to those seen for hospital admission due
to the delta variant (89% [83-93]) in the first 3 months
following the third dose. Our vaccine effectiveness
estimates against hospital admission due to the
omicron variant less than 3 months after a third dose
were also similar to those reported by the CDC (which
reported effectiveness of around 90% for both
mRNA vaccines)*” and the UK Heath Security Agency
(which reported effectiveness of approximately 85-90%
for all vaccines used in the UK combined).” Our study, to
the best of our knowledge, is one of the first to report
long-term follow-up outcomes after receipt of a booster
dose, stratified by age. Similar to a recent CDC report
showing waning effectiveness of mRNA COVID-19
vaccines after a third dose,” we also detected early signs of
waning against severe outcomes caused by the
omicron variant from 3 months onwards after the receipt
of a booster dose. More long-term follow-up data are

needed, however, to fully understand the true magnitude
of this decline.

Although waning was observed, effectiveness of two
and three doses against hospital admission was generally
higher than that seen for the less severe endpoint of
emergency department admission across all timepoints.
Previous reports have indicated that T-cell immunity
might have a role in the prevention of severe SARS-CoV-2
infection,” and laboratory results have suggested that
T-cell epitopes have remained mostly unaltered for the
omicron variant*™? The relationship between cell-
mediated immunity and protection against severe
infection, however, needs more research. It is also likely
that trained innate immunity has an important role in
durable protection, particularly against severe infection.
Unrelated live attenuated vaccines and adjuvanted
vaccines can provide sustained protection against
heterologous infections and severe outcomes, including
COVID-19, possibly through induction of trained innate
immunity, which mRNA vaccines also induce.”

Our results showed waning effectiveness of two doses
against emergency department admission for both the
delta and omicron variants, consistent with previous
evidence of waning effectiveness of BNT162b2 against the
delta variant over time” and with preliminary studies
showing waning effectiveness against the omicron variant
and symptomatic SARS-CoV-2 infection.”* After a
third dose, effectiveness against emergency department
admission increased to 84% (95% CI 80-87) for the
delta variant and 77% (72-81) for the omicron variant.
Waning of immunity against emergency department
admission after three doses was moderate for the
delta variant but was more pronounced for the
omicron variant, falling to 53% (36-66) at 3 months or
more after the third dose. This finding is consistent with
early reports from the UK Health Security Agency
suggesting that even after three doses, vaccine
effectiveness against symptomatic SARS-CoV-2 infection
due to the omicron variant wanes rapidly.”” Age-stratified
analyses showed that effectiveness was generally higher
in adults aged 65 years and older. However, this finding
might reflect enhanced risk-mitigating behaviours,
especially among vaccinated people in this age group, or
the potential dilution of vaccine effectiveness among
adults younger than 65 years.

There are two important implications of our findings.
First, booster doses significantly improve protection
against the omicron variant. Our data suggest that, in the
first few months after their receipt, booster doses of
BNT162b2 provide high levels of protection (around
80-90%) against hospital and emergency department
admission due to the omicron variant—a level of
protection not seen with only two doses. Thus, although
booster doses were initially introduced to counteract
waning immunity against infection during a period
when the delta variant was predominant,” in the omicron
era three doses appear to be necessary to achieve high
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levels of protection against severe COVID-19 outcomes.
These findings are consistent with laboratory data
reporting that neutralising antibody concentrations not
only improved after a third dose (compared to after
two doses) but also that the breadth of coverage against
variants of concern seemed to increase.”

Second, although the initial effectiveness of a booster
dose of BNT162b2 against the omicron variant was high,
this protection waned after 3 months—even against a
severe outcome such as hospital admission. Although
more data are needed about the precise magnitude of this
effect, this finding suggests that additional doses of
current, adapted, or novel COVID-19 vaccines, which are
currently in development, might be necessary in the
future. Thus far, studies have shown that heterologous
boosting with adenoviral vector vaccines does not improve
the cellular response or the breadth of protection after
priming with mRNA;** however, continual evaluation of
booster strategies will be needed in the future. Preliminary
data from Israel have shown improved protection against
SARS-CoV-2 infection with the omicron variant and
severe COVID-19 in individuals who received a fourth
dose of BNT162b2 compared to those who had received
only three doses at least 4 months ago.” However, data
describing the durability of additional booster doses
(beyond the third dose) are needed.

Our study is not without limitations. As this was an
observational study, there might be residual confounding
driven by differences in the likelihood of exposure to
SARS-CoV-2 between vaccinated and unvaccinated
individuals. Although we controlled for key socio-
demographic and clinical characteristics, we were not able
to capture data on occupation or behaviours, and sample
size limitations precluded inclusion of all potentially
confounding variables in adjusted analyses. Moreover,
although vaccinated individuals might be more likely to
seek care or testing for SARS-CoV-2 (thus biasing vaccine
effectiveness results downwards), the test-negative design
of the study, particularly in the hospital setting where there
is universal testing, helps mitigate against this bias caused
by differences in health-care-seeking behaviour—
including the propensity to test.”* Furthermore, although
we attempted to control for previous SARS-CoV-2 infection,
we were not able to assess previous infections among
those who do not seek testing at KPSC. If undocumented
previous infection was more likely in unvaccinated
individuals, for example, this could contribute to
underestimation of vaccine effectiveness, which might be
more likely in the omicron era. In addition to using a time
window where the omicron variant accounted for at
least 95% of all new incident cases, we identified omicron
cases based on SARS-CoV-2 samples with SGTF on the
Thermo Fisher TaqPath assay. This approach could have
led to misclassification of some samples. Misclassification,
however, occurred in less than 1% of samples tested on
ThermoFisher in our small validation study that compared
PCR results to those from whole-genome sequencing. It is
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possible that some emergency department or hospital
admissions were “with COVID-19” rather than “for
COVID-19.” This could lead to spurious findings of waning
against severe outcomes if in fact vaccine breakthroughs
were only incidental infections among patients admitted to
hospital for something other than COVID-19. This could
explain why we found higher effectiveness estimates in
adults aged 65 years and older (who are likely to be
admitted to hospital for and have more severe COVID-19)
compared to those aged 18-64 years who might be more
likely to have incidental positivity for the omicron variant.
By restricting our analysis to patients with a diagnosis of
an acute respiratory infection, we attempted to mitigate
this potential bias. However, it remains possible (especially
in the emergency department setting) that milder
COVID-19 or incidental SARS-CoV-2 infection was
included in our analysis, which is likely to bias vaccine
effectiveness estimates downwards, especially for the
omicron variant given its milder clinical presentation and
higher levels of antibody escape. Moreover, it is possible
that hospital admission practices changed during our
study period. For example, if larger numbers of less severe
patients were admitted during the omicron wave, as was
reported by the CDC,* this could also bias vaccine
effectiveness estimates for the omicron variant downwards.
Finally, given the study period, effectiveness estimates
3 months or more after the booster dose are likely to
represent findings for individuals who first received
booster doses, and additional follow-up will be needed to
understand the effectiveness of booster doses over time in
the general population and at different stages of the
pandemic. Due to limitations in sample size, we were
unable to assess long-term durability of the third dose or to
provide vaccine effectiveness estimates specific to age
groups or high-risk groups. Furthermore, due to the rapid
influx of at-home antigen tests and increasing variation in
clinic-based testing practices, we were not able to assess
vaccine effectiveness against symptomatic or asymptomatic
SARS-CoV-2 infection not requiring hospital or emergency
department admission.

In conclusion, BNT162b2 provided 85% protection
against hospital admission due to the omicron variant in
the first 3 months after receipt of a third dose but less
protection thereafter. Three doses of BNT162b2 were also
effective at preventing emergency department admission
due to the omicron variant (albeit slightly less effective
than at preventing hospital admission); however,
protection also waned for this milder form of infection.
These findings reiterate the need to continue the
development of additional strategies to ensure long-term
protection against severe SARS-CoV-2 infection caused
by the omicron variant or future variants that stem from
this variant of concern. In the future, additional doses of
current, adapted, or novel COVID-19 vaccines might be
needed to maintain high protection against severe
infection and sufficient vaccine pressure on future waves
of SARS-CoV-2 infection.
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