
Durability of Severe Acute Respiratory Syndrome
Coronavirus 2 Messenger RNA Booster Vaccine
Protection Against Omicron Among Healthcare
Workers With a Vaccine Mandate
Aaron Richterman,1,2, Amy Behrman,1,2 Patrick J. Brennan,1,2 Judith A. O’Donnell,1,2 Christopher K. Snider,1,2 and Krisda H. Chaiyachati1,2

1The University of Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania, USA; and 2The University of Pennsylvania Health System, Philadelphia, Pennsylvania, USA

Background. The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variant has spread rapidly
throughout the world since being identified in South Africa in November 2021. Few studies have assessed primary series and
booster vaccine effectiveness against Omicron among US healthcare workers

Methods. We conducted a test-negative case-control design to estimate BNT162b2 and mRNA1273 primary vaccination and
booster effectiveness against SARS-CoV-2 infection and symptomatic coronavirus disease 2019 during an Omicron surge among
employees of the University of Pennsylvania Health System. The study period was between 1 July 2021 and 5 April 2022.We defined
the Delta period as 1 July to 12 December 2021 and the Omicron period as beginning 12 December 21.

Results. Our sample included 14 520 tests (2776 [19%] positive)—7422 (506 [7%] positive) during Delta and 7098 (2270 [32%]
positive) during Omicron. Benchmarked against Delta, the vaccine effectiveness of 2 vaccine doses was lower during Omicron, with
no significant protection against infection. Booster doses added significant protection, although they also showed reduced
effectiveness during Omicron. Compared with findings in employees who had received 2 vaccine doses, 3 doses of BNT162b2
had a relative effectiveness of 50% (95% confidence interval, 42%–56%) during Omicron, relative to 78% (63%–87%) during
Delta; 3 doses of mRNA1273 had a relative effectiveness of 56% (45%–65%) during Omicron, relative to 96% (82%–99%)
during Delta. Restricting the sample to symptomatic tests yielded similar results to our primary analysis. After initial waning in
BNT162b2 booster protection against infection, it remained largely stable for ≥16 weeks after vaccination.

Conclusions. Our findings provide a strong rationale for boosters among healthcare workers in the Omicron era.
Keywords. SARS-CoV-2; Omicron Variant; BNT162b2; mRNA1273; vaccine effectiveness; booster; healthcare worker.

The SARS-CoV-2 Omicron variant has spread rapidly through-
out the world since being identified in South Africa inNovember
2021 [1], and it includes common sublineages BA.1, BA.1.1, and
BA.2. Omicron’s growth advantage is principally explained by
increased infection rates among vaccinated people as well as in-
creased reinfection rates [2]. Omicron displays an unprecedent-
ed amount of escape from vaccine- and infection-derived
neutralizing antibodies, though with some preservation of neu-
tralization activity after booster dosing [3]. Relatedly, observa-
tional studies of the general population have found that
vaccines provide less protection against symptomatic Omicron
infection than they did against the Delta variant, though there
is some improvement after booster dosing [4–6].

Few studies have assessed vaccine effectiveness against
Omicron among healthcare workers, a population that requires
special consideration for several reasons. First, many health sys-
tems have implemented vaccine mandates [7], and as a result
there is an opportunity to better understand primary and booster
vaccine performance within populations with nearly universal
primary vaccination coverage. Second, even mild infections
among healthcare workers are consequential because of both
the potential for healthcare-associated transmissions to vulnera-
ble patients and the harmful impacts of staff shortages on health
systems. To address this gap in the literature, we conducted a test-
negative case-control study to estimate BNT162b2 and
mRNA1273 effectiveness during an Omicron surge among ap-
proximately 28 000 employees of the University of Pennsylvania
Health System (UPHS) in Pennsylvania and New Jersey.

METHODS

We conducted a test-negative case-control design to estimate
BNT162b2 and mRNA1273 primary vaccination and booster
effectiveness against SARS-CoV-2 infection and symptomatic
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coronavirus disease 2019 (COVID-19) during an Omicron
(primarily sublineage BA.1) surge among UPHS employees.
We benchmarked these estimates against parallel comparisons
made during a period dominated by Delta. We included 5 of 6
UPHS hospitals and associated outpatient practices (Hospital
of the University of Pennsylvania, Penn Presbyterian Medical
Center, Pennsylvania Hospital, Chester County Hospital, and
Princeton Health). Employees readily have access to free severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) poly-
merase chain reaction (PCR) testing within UPHS (typically
same-day testing and regardless of symptoms), are required
to attest to symptoms daily (and test if symptomatic) [8], can
easily and promptly receive SARS-CoV-2 vaccinations from
UPHS, and were mandated to be fully vaccinated by
1 September 2021 (>98% compliance). Booster doses are freely
available to employees but are not mandatory.

The overall study period was between 1 July 2021 and 5 April
2022. We defined the Omicron period as beginning on
20 December 2021, the first week during which >80% of eval-
uated SARS-CoV-2 isolates were identified as confirmed (via
sequencing) or presumptive (via S-gene target failure)
Omicron (primarily sublineage BA.1) [9]. Before this, the
Delta variant was dominant, accounting for nearly all se-
quenced isolates since July 2021. We defined the Delta period
as 1 July to 12 December 2021 to allow for a 1-week transition
period from Delta to Omicron. We excluded samples obtained
during this transition period.

Data Sources

We used the UPHS human resources database to identify all
paid employees within the included UPHS hospitals during
the study period. We then extracted SARS-CoV-2 PCR testing
data (collection date and result) for these employees during the
study period from the UPHS electronic medical record. All
samples were provider collected from the anterior nares, with
testing conducted at UPHS laboratories. We excluded all tests
from employees who had previously tested positive (to mini-
mize bias caused by hybrid immunity) and all negative tests
from employees who had tested negative within the last
60 days (to minimize bias caused by testing frequency).

We obtained employee vaccination status from the UPHS
electronic medical record (product, dose, and date of receipt)
and supplemented it with data from the UPHS human resourc-
es database (where employees are required to attest to vaccina-
tion history) when data were missing from the electronic
medical record (5% for BNT162b2 and 2% for mRNA1273).
Our study sample included tests from employees who were
(1) unvaccinated at the time of testing, (2) vaccinated with
2 doses of BNT162b2 or mRNA1273>14 days before testing
(fully vaccinated), or (3) vaccinated with 3 doses of
BNT162b2 or mRNA1273 >7 days before testing (boosted).
We excluded tests from employees who had received a non–

messenger RNA (mRNA) vaccine (<1%) or heterologous vac-
cination before testing (<1%) and from employees whose em-
ployment was terminated before testing.
We classified a test as symptomatic if the employee reported

symptoms potentially consistent with COVID-19 within
14 days before the test, as determined by the daily UPHS symp-
tom attestation survey, through which employees are required
to attest presence or absence of symptoms daily, or the UPHS
Occupational Health and Infection Control Database, which
records details of investigations of employees reporting
COVID-19 exposure, symptoms, or a positive test result.
We obtained employee demographics (age, sex, race/ethnic-

ity, and county of residence) from the UPHS electronic medical
record, and clinical/nonclinical job role from the UPHS human
resources database.We obtained publicly available county-level
rolling average COVID-19 case rates per 100 000 people from
the New York Times COVID-19 database [10].

Statistical Analysis

We used logistic regression models to calculate the vaccine
effectiveness of 2 doses of BNT162b2 and mRNA1273 com-
pared with findings in unvaccinated employees and the relative
effectiveness of 3 doses of BNT162b2 and mRNA1273
compared with (1) findings in unvaccinated employees and
(2) 2 doses of the same vaccine product. The PCR test result
was the dependent variable, cases were positive tests results,
and controls were negative test results.We defined effectiveness
as 1 minus the odds of vaccination in cases divided by the odds
of vaccination in controls. We adjusted estimates for age, race/
ethnicity, presence of symptoms, clinical versus nonclinical
work role, rolling average case rates per 100 000 people on
the specimen collection date for the employee’s county of res-
idence, and specimen collection week. We conducted separate
analyses for the Delta and Omicron periods.
We repeated the analyses using only symptomatic tests (as

defined above) to determine effectiveness against symptomatic
COVID-19. For this symptomatic analysis we were only able to
estimate the effectiveness of 3 relative to 2 vaccine doses be-
cause of an insufficient sample size of tests from unvaccinated
employees, which made up <5% of the study sample.
To determine booster effectiveness over time since vaccina-

tion, we calculated the effectiveness of 3 doses of BNT162b2 at
<8, 8–12, 12–16, and >16 weeks from vaccination compared
with (1) unvaccinated employees and (2) 2 doses of
BNT162b2 <6 months before testing. There were insufficient
observations to estimate mRNA1273 booster effectiveness
over time since vaccination (75% had received the
booster within 12 weeks) or protection against symptomatic in-
fection over time since vaccination (19% of tests were
symptomatic).
The study was approved by the University of Pennsylvania

Institutional Review Board. We performed statistical analysis
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using SAS (version 9.4 and R (version 3.5.2) software, using the
ggplot2 package.

RESULTS

With the emergence of Omicron, UPHS experienced its largest
surge of employee infections since vaccines became available
(Figure 1). Our study sample included 14 520 tests (2776
[19%] positive)—7422 (506 [7%] positive) during the Delta pe-
riod and 7098 (2270 [32%] positive) during the Omicron peri-
od. Study sample characteristics are provided in Tables 1 and 2,
and inclusion flowcharts in Supplementary Figures 1 and 2.
During the Delta period, there were 321 tests (4%) among un-
vaccinated employees, 4366 (59%) among employees with
2 doses of BNT162b2, 1617 (22%) among those with 2 doses
of mRNA1273, 909 (12%) among those with 3 doses
of BNT162b2, and 209 (3%) among those with 3 doses of
mRNA1273. During the Omicron period, there were 85 tests
(1%) among unvaccinated employees, 2094 (30%) among em-
ployees with 2 doses of BNT162b2, 916 (13%) among those
with 2 doses of mRNA1273, 3015 (42%) among those with
3 doses of BNT162b2, and 988 (14%) those with 3 doses of
mRNA1273.

Benchmarked against the Delta period, vaccine effectiveness
of 2 vaccine doses was lower during the Omicron period
(Figure 2). Compared with findings in unvaccinated employ-
ees, 2 doses of BNT162b2 had a vaccine effectiveness of 41%
(95% confidence interval [CI], −17% to 87%) during the

Omicron period, versus 75% (52%–87%) during the Delta pe-
riod; 2 doses of mRNA1273 had a vaccine effectiveness of 5%
(−69% to 47%) during the Omicron period, versus 73%
(56%–84%) during the Delta period.
Booster doses, on the other hand, continued to display a sig-

nificant amount of protection, although they also showed re-
duced effectiveness during the Omicron period (Figure 3).
Compared with findings in unvaccinated employees, 3 doses
of BNT162b2 had a relative effectiveness of 54% (95% CI,
23%–73%) during the Omicron period, relative to 93% (78%–

98%) during Delta; 3 doses of mRNA1273 had a relative effec-
tiveness of 46% (6%–69%) during the Omicron period, relative
to 96% (82%–99%) during Delta. Compared with findings in
employees who had received 2 vaccine doses, 3 doses of
BNT162b2 had a relative effectiveness of 50% (95% CI, 42%–

56%) during the Omicron period, relative to 78% (63%–87%)
during Delta; 3 doses of mRNA1273 had a relative effectiveness
of 56% (45%–65%) during the Omicron period, versus 96%
(82%–99%) during Delta.
Restricting the sample to the 2701 symptomatic tests yielded

similar results to our primary analysis. Compared with findings
in employees who had received 2 vaccine doses, 3 doses of
BNT162b2 had a relative effectiveness against symptomatic
COVID-19 of 39% (95% CI, 23%–52%) during the Omicron
period, relative to 80% (62%–89%) during Delta; 3 doses of
mRNA1273 had a relative effectiveness against symptomatic
COVID-19 of 62% (43%–75%) during the Omicron period,
versus 90% (49%–98%) during Delta.
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Figure 1. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction tests among University of Pennsylvania Health System employees
included in the study sample. Dashed vertical line indicates the start of the Omicron period—20 December 2021—after which >80% of evaluated SARS-CoV-2 isolates
were identified as confirmed (via sequencing) or presumptive (via S-gene target failure) Omicron.
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BNT162b2 booster protection during the Omicron period
initially decreased and then became stable over time since vac-
cination (Figure 4). Compared with findings in unvaccinated
employees, 3 doses of BNT162b2 had a relative effectiveness
of 75% (95% CI, 50%–87%) within 8 weeks after vaccination,
decreasing to 55% (5%–69%) at >16 weeks. Compared with
findings in employees who had received 2 doses of
BNT162b2 within the last 6 months, 3 doses of BNT162b2
had a relative effectiveness of 66% (95% CI, 51%–76%) within
8 weeks after vaccination, decreasing to 55% (19%–76%) at
>16 weeks.

DISCUSSION

In this test-negative case-control study, we report one of the
first assessments of SARS-CoV-2 mRNA vaccine effectiveness
against Omicron (primarily sublineage BA.1) among health-
care workers in a large health system who were mandated to

receive a primary vaccination series. In this highly vaccinated
and closely monitored population, we found a substantial loss
in protection against Omicron compared with Delta after a
primary vaccine series with BNT162b2 or mRNA1273.
Importantly, a third vaccine dose restored a meaningful though
reduced degree of protection against both overall and sympto-
matic infection. Our findings are consistent with findings of
immunologic and household transmission studies [2, 3], as
well as other vaccine effectiveness studies conducted in the ge-
neral population [4–6].
Our study is also one of the first to show that, after an initial

waning in booster protection against infection, booster protec-
tion is largely stable for ≥16 weeks after vaccination. However,
relatively imprecise estimates at later time points after vaccina-
tion do not rule out an ongoing gradual waning in protection
over time, as seen after the primary vaccination series [11–
13], a possibility that requires ongoing follow-up in the months
ahead. The patternwe identified is consistent with other vaccine

Table 1. Characteristics of Study Sample During A Period Dominated by the Omicron Variant (20 December 2021 to 5 April 2022)

Study Participants, No. (Column %)a

BNT162b2 Vaccine mRNA1273 Vaccine

Characteristic Total Unvaccinated 2 Doses 3 Doses 2 Doses 3 Doses Symptomatic SARS-CoV-2 PCR Positive

All tests, no. (row %) 7098 (100) 85 (1) 2094 (30) 3015 (42) 916 (13) 988 (14) 1340 (19) 2270 (32)

Female sex 5745 (81) 82 (96) 1676 (80) 2400 (80) 779 (85) 808 (82) 1089 (81) 1853 (82)

Location

HUP 3983 (56) 24 (28) 1255 (60) 1996 (66) 337 (37) 371 (38) 840 (63) 1245 (55)

Presbyterian 546 (8) 2 (3) 93 (4) 125 (4) 166 (18) 160 (16) 82 (6) 206 (9)

PAH 854 (12) 6 (7) 168 (8) 140 (5) 222 (24) 318 (32) 104 (8) 268 (12)

Princeton 943 (13) 45 (53) 333 (16) 445 (15) 70 (8) 50 (5) 92 (7) 265 (12)

Chester 772 (11) 8 (9) 245 (12) 309 (10) 121 (13) 89 (9) 222 (17) 286 (13)

Age, y

18–30 1465 (21) 20 (24) 464 (22) 649 (22) 183 (20) 149 (15) 302 (23) 526 (23)

31–40 2454 (35) 29 (34) 807 (39) 1032 (34) 297 (32) 289 (29) 499 (37) 810 (36)

41–50 1362 (19) 15 (18) 436 (21) 520 (17) 195 (21) 196 (20) 268 (20) 489 (22)

51–60 1165 (16) 13 (15) 269 (13) 500 (17) 167 (18) 216 (22) 176 (13) 318 (14)

>60 652 (9) 8 (9) 118 (6) 314 (10) 74 (8) 138 (14) 95 (7) 127 (6)

Race/ethnicity

White 4324 (61) 53 (62) 1123 (54) 2049 (68) 481 (53) 618 (63) 819 (61) 1251 (55)

Black 1556 (22) 26 (31) 637 (30) 381 (13) 303 (33) 209 (21) 307 (23) 627 (28)

Asian 638 (9) 0 (0) 145 (7) 354 (12) 55 (6) 84 (9) 116 (9) 185 (8)

Other 518 (7) 5 (6) 165 (8) 217 (7) 62 (7) 69 (7) 86 (6) 179 (8)

Latinx 62 (1) 1 (1) 24 (1) 14 (0) 15 (2) 8 (1) 12 (1) 28 (1)

Clinical job role 4361 (62) 61 (76) 1219 (58) 1971 (66) 548 (60) 562 (57) 823 (62) 1335 (59)

Time since dose 2 or 3, wk

<8 … … 2 (0) 519 (17) 1 (0) 437 (45) … …

8–12 … … 4 (0) 968 (32) 0 (0) 280 (29) … …

12–16 … … 22 (1) 868 (29) 10 (1) 118 (12) … …

16–20 … … 147 (7) 293 (10) 34 (4) 78 (8) … …

20–24 … … 201 (10) 243 (8) 28 (3) 27 (3) … …

>24 … … 1718 (82) 124 (4) 843 (92) 25 (3) … …

Abbreviations: Chester, Chester County Hospital; HUP, Hospital of the University of Pennsylvania; PAH, Pennsylvania Hospital; PCR, polymerase chain reaction; Presbyterian, Penn
Presbyterian Medical Center; Princeton, Princeton Health; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aData represent no. (column %) of study participants unless otherwise specified.

4 • CID • Richterman et al



effectiveness studies with shorter-term follow up [6, 14].
Notably, the US Food and Drug Administration recently ap-
proved a second booster dose for older or immunocompro-
mised individuals, starting 4 months (ie, approximately 16
weeks) after their third dose [15].

Like many health systems across the United States, UPHS ex-
perienced a wave of staff infections during the 2021 Omicron
surge that was unprecedented in the vaccine era. Staffing short-
ages due to SARS-CoV-2 infections forced UPHS to enter con-
tingency staffing mode for the first time during the pandemic.
The consequences of this burden of illness among healthcare
workers over such a short period of time are important even
if individual disease severity is generally mild in the context
of nearly universal receipt of a primary vaccination series.
There is emerging evidence that the Omicron surge was associ-
ated with large increases in nosocomial transmission [16],
which has the potential to lead to significant morbidity among
vulnerable patients who are hospitalized or require frequent
healthcare interactions [17]. Even beyond specific impacts

related to COVID-19, many simultaneous staff absences due
to illness lead to operational strain that can indirectly harm pa-
tients relying on either immediate or long-term services from a
health system. In this context, our findings provide a strong ra-
tionale for the role of boosters among even lower-risk health-
care workers who have received a primary vaccination series.
This study has several notable strengths. Our study pop-

ulation is closely monitored, with daily symptom attesta-
tion and easy access to testing, and there have been few
vaccine effectiveness studies in populations with a vaccine
requirement. The data sources we relied on are compre-
hensive, and use of multiple inputs for vaccination and
symptom status will minimize the likelihood of misclassifi-
cation, a major source of potential bias in vaccine effective-
ness studies that use routinely collected healthcare data.
The test-negative design reduces confounding caused by
differences in health-seeking behavior. Because healthcare
workers were among the first people in the United States
eligible for both the primary vaccination series and booster

Table 2. Characteristics of Study Sample During a Period Dominated by the Delta Variant (1 July to 12 December 2021)a

Study Participants, No. (Column %)

BNT162b2 Vaccine mRNA1273 Vaccine

Characteristic Total Unvaccinated 2 Doses 3 Doses 2 Doses 3 Doses Symptomatic SARS-CoV-2 PCR Positive

All tests, no. (row %) 7422 (100) 321 (4) 4366 (59) 909 (12) 1617 (22) 209 (3) 1361 (18) 506 (7)

Female sex 6020 (81) 299 (93) 3493 (80) 717 (79) 1343 (83) 168 (80) 1070 (81) 388 (79)

Location

HUP 4563 (61) 129 (40) 3055 (70) 636 (70) 659 (41) 84 (40) 825 (63) 300 (61)

Presbyterian 540 (7) 19 (6) 183 (4) 49 (5) 262 (16) 27 (13) 77 (6) 31 (6)

PAH 850 (11) 37 (12) 237 (5) 40 (4) 464 (29) 72 (34) 102 (8) 54 (11)

Princeton 780 (11) 96 (30) 484 (11) 100 (11) 90 (6) 10 (5) 74 (6) 41 (8)

Chester 689 (9) 40 (12) 407 (9) 84 (9) 142 (9) 16 (8) 240 (18) 63 (13)

Age, y

18–30 1714 (23) 93 (29) 1084 (25) 187 (21) 321 (20) 29 (14) 358 (26) 137 (27)

31–40 2685 (36) 124 (39) 1633 (37) 355 (39) 516 (32) 57 (27) 490 (36) 170 (34)

41–50 1208 (16) 55 (17) 692 (16) 129 (14) 297 (18) 35 (17) 242 (18) 91 (18)

51–60 1143 (15) 30 (9) 612 (14) 144 (16) 317 (20) 40 (19) 187 (14) 72 (14)

>60 672 (9) 19 (6) 345 (8) 94 (10) 166 (10) 48 (23) 84 (6) 36 (7)

Race/ethnicity

White 4736 (64) 173 (54) 2810 (64) 639 (70) 971 (60) 143 (68) 906 (67) 341 (67)

Black 1493 (20) 120 (37) 836 (19) 95 (10) 406 (25) 36 (17) 230 (17) 104 (21)

Asian 611 (8) 4 (1) 372 (9) 104 (11) 112 (7) 19 (9) 111 (8) 25 (5)

Other 522 (7) 22 (7) 316 (7) 67 (7) 106 (7) 11 (5) 97 (7) 32 (6)

Latinx 60 (1) 2 (1) 32 (1) 4 (0) 22 (1) 0 (0) 17 (1) 4 (1)

Clinical job role 4728 (64) 201 (65) 2855 (66) 609 (67) 942 (59) 121 (59) 860 (64) 318 (63)

Time since dose 2 or 3, wk

<8 … … 152 (3) 711 (78) 45 (3) 162 (87) … …

8–12 … … 131 (3) 161 (18) 21 (1) 10 (5) … …

12–16 … … 132 (3) 132 (3) 38 (2) 2 (1) … …

16–20 … … 130 (3) 130 (3) 51 (3) 0 (0) … …

20–24 … … 171 (4) 171 (4) 114 (7) 1 (1) … …

>24 … … 3650 (84) 30 (3) 1348 (83) 11 (6) … …

Abbreviations: Chester, Chester County Hospital; HUP, Hospital of the University of Pennsylvania; PAH, Pennsylvania Hospital; PCR, polymerase chain reaction; Presbyterian, Penn
Presbyterian Medical Center; Princeton, Princeton Health; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
aData represent no. (column %) of study participants unless otherwise specified.
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doses, we have some of the longest possible follow-up since
vaccination, particularly relevant for determining booster
effectiveness by time since vaccination.

Limitations of this study include lack of comprehensive
viral sequencing; it is possible that some positive tests were mis-
classified. However, the extremely low degree of variant
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Figure 2. Effectiveness of 2 doses of BNT162b2 or mRNA1273 vaccine relative to findings in unvaccinated employees, comparing a period dominated by Omicron
(20 December 2021 to 5 April 2022) to one dominated by Delta (1 July to 12 December 2021). Estimates were adjusted for age, sex, race/ethnicity, presence of symptoms,
work role (clinical or nonclinical), rolling average case rates per 100 000 people on the specimen collection date for the employee’s county of residence, and the specimen
collection week.
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Figure 3. Effectiveness of 3 doses of BNT162b2 or mRNA1273 vaccine relative to findings in (1) unvaccinated employees and (2) employees who had received 2 doses of
the same vaccine, comparing a period dominated by Omicron (20 December 2021 to 5 April 2022) to one dominated by Delta (1 July to 12 December 2021). Estimates were
adjusted for age, sex, race/ethnicity, presence of symptoms, work role (clinical or nonclinical), rolling average case rates per 100 000 people on the specimen collection date
for the employee’s county of residence, and the specimen collection week.
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heterogeneity seen in surveillance sequencing during the con-
sidered study periods would suggest that this was unlikely to af-
fect our findings. Although UPHS hospitals involve multiple
states, the health system is in a region that has broadly experi-
enced different waves of the pandemic similarly. Health system
and publicly reported surveillance data suggest no major differ-
ences that have affected how each location experienced the
Delta and Omicron waves [9].

In addition, our study was conducted primarily in the setting
of the BA.1 sublineage of Omicron. The BA.2 sublineage be-
came dominant in our region during the last week of the study
period and has increased in prevalence in many areas of the
world, indicating a likely growth advantage over BA.1.
However, early evidence suggests that this growth advantage
is related principally to an increase in transmissibility, rather
than additional immune escape [18–20]. As a result, we hy-
pothesize that our findings would be similar in the context of
BA.2.

Information onmedical comorbid conditions is not compre-
hensively collected from employees by any of our source data-
bases because of existing employee privacy protection policies.
We were therefore unable to include comorbid conditions (in-
cluding immunosuppressed status) as potential confounders in
our models. Our analysis was able to consider only PCR testing
conducted at UPHS locations, but the availability and use of
at-home antigen testing increased during the later part of our
study period. Because there were few hospitalizations and
deaths among UPHS employees, and because the outcomes
would not be well captured by our data sources, we did not con-
sider these outcomes in this analysis.

In conclusion, in this test-negative case-control study esti-
mating BNT162b2 and mRNA1273 effectiveness during an
Omicron surge among approximately 28 000 employees of
the UPHS in Pennsylvania andNew Jersey, we found a substan-
tial loss in protection against Omicron compared with Delta af-
ter a primary vaccine series, with a meaningful though reduced
restoration of protection after a booster dose. Our findings pro-
vide a strong rationale for the role of boosters in the Omicron
era among healthcare workers who have received a primary
vaccination series.
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Figure 4. Effectiveness of 3 doses of BNT162b2 vaccine over time since vaccination during a period dominated by Omicron (20 December 2021 to 5 April 2022) relative to
findings in (1) unvaccinated employees and (2) employees who had received 2 doses of BNT162b2 <6 months before testing. Estimates were adjusted for age, sex, race/
ethnicity, presence of symptoms, work role (clinical or nonclinical), rolling average case rates per 100 000 people on the specimen collection date for the employee’s county of
residence, and the specimen collection week.
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