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Background. We conducted a prospective cohort study at Kaiser Permanente Southern California to evaluate the relative
vaccine effectiveness (rVE) of a booster dose vs 2-dose primary series of messenger RNA (mRNA)-1273 in immunocompetent
individuals.

Methods. Immunocompetent adults who received a booster dose of mRNA-1273 from October 2021 through December
2021 were matched 1:1 to randomly selected 2-dose mRNA-1273 recipients by age, sex, race/ethnicity, and second-dose date
and followed up through January 2022. Cox proportional hazards models were used to estimate adjusted hazard ratios
(aHRs) with 95% confidence intervals (CIs), comparing outcomes (severe acute respiratory syndrome coronavirus 2 [SARS-
CoV-2] infection and coronavirus disease 2019 [COVID-19] hospitalization and hospital death) in the booster-dose and 2-
dose groups. Adjusted rVE (%) was calculated as (1− aHR)× 100. aHRs and rVE were also estimated by subgroup and
month of follow-up.

Results. The study included 431 328 booster-dose vaccinated adults matched to 431 328 2-dose vaccinated adults. rVE
was 61.3% (95% CI: 60.5%–62.2%) against SARS-CoV-2 infection, 89.0% (86.2%–91.2%) against COVID-19
hospitalization, and 96.0% (68.0%–99.5%) against COVID-19 hospital death. rVE against SARS-CoV-2 infection ranged
from 55.6% to 66.7% across all subgroups. rVE against SARS-CoV-2 infection decreased from 67.1% (0 to <1 month of
follow-up) to 30.5% (2 to <3 months). For COVID-19 hospitalization, rVE decreased from 91.2% (0 to <1 month) to
78.7% (2 to <3 months).

Conclusions. Among immunocompetent adults, the mRNA-1273 booster conferred additional protection against SARS-
CoV-2 infection and severe COVID-19 disease compared with the 2-dose mRNA-1273 primary series during periods of Delta
and Omicron predominance.
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The coronavirus disease 2019 (COVID-19) pandemic caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has led to more than 85 million infections
andmore than 1million deaths in the United States [1]. Tomit-
igate the spread of SARS-CoV-2 and reduce the global burden
of COVID-19, several vaccines were rapidly developed and de-
ployed. Among the COVID-19 vaccines authorized for use in
the United States, messenger RNA (mRNA)-1273
(COVID-19 vaccine, SPIKEVAX; Moderna, Inc, Cambridge,
MA) is a 2-dose primary series (100 µg/dose) initially autho-
rized for individuals aged ≥18 years [2, 3]. Since the rollout
of COVID-19 vaccines, real-world studies have shown the
mRNA-based vaccines to have high vaccine effectiveness
(VE) against SARS-CoV-2 infection and severe outcomes in
adults, including COVID-19 hospitalization and death [4, 5].
However, emerging evidence suggests that the protection af-
forded by vaccination may decrease over time [6–9] due to
both declining vaccine-induced immunity and lower VE
against SARS-CoV-2 variants including Delta and Omicron

[5, 7, 10–13]. Consequently, health agencies, such as the US
Food and Drug Administration, have authorized the expansion
of existing COVID-19 vaccination regimens to include booster
doses for continued protection against COVID-19 [14–17].
Currently, for immunocompetent individuals aged ≥18 years,

a first 50-µg booster mRNACOVID-19 dose (50 µgmRNA-1273
or 30 µg BNT162b2 [Comirnaty; Pfizer Inc, New York, NY and
BioNTech Manufacturing GmbH, Mainz, Germany]) is recom-
mended ≥5 months after completing the 2-dose mRNA primary
series [18, 19]. Real-world studies have shown that booster doses
of mRNA COVID-19 vaccines after a 2-dose mRNA primary
series reduced the risk of SARS-CoV-2 infection and associated
severe outcomes [11, 20–26]. More specifically, immunocompe-
tent adults who received a 3-dose homologous or heterologous
vaccination with mRNA-1273 or BNT162b2 were less likely to
experience symptomatic SARS-CoV-2 infection compared with
unvaccinated individuals and those who received a 2-dose prima-
ry mRNA series only [27], and VE against COVID-19 hospitali-
zation increased post-mRNA booster [21]. The high VE of
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mRNA vaccine boosters also extends to circulating variants [28].
These results have been replicated in our earlier studies in this
population, where mRNA-1273 VE against infection and hospi-
talization during the Omicron period was higher among those
who received 3 doses vs a 2-dose mRNA-1273 primary series
[11].

Nevertheless, large observational studies assessing VE of the
mRNA-1273 booster dose in individuals who received a ho-
mologous 2-dose mRNA-1273 primary series are currently
lacking, as much of the available evidence combines both
mRNA COVID-19 vaccines as the exposure and does not eval-
uate the relative VE (rVE) stratified by chronic condition, preg-
nancy status, or prior history of SARS-CoV-2 infection.
Therefore, in this study, among immunocompetent adults,
we assessed the rVE of the mRNA-1273 booster dose against
SARS-CoV-2 infection and severe COVID-19 disease com-
pared with the 2-dose mRNA-1273 primary series.

METHODS

Study Setting

Kaiser Permanente Southern California (KPSC) is an integrat-
ed healthcare system that serves a diverse population of more
than 4.6 million members [29]. KPSC’s comprehensive elec-
tronic health record (EHR) captures details of care received
across inpatient, outpatient, emergency, and virtual care set-
tings; claims also capture care received outside of the KPSC sys-
tem. The KPSC Institutional Review Board reviewed and
approved the study with waivers of informed consent and writ-
ten Health Insurance Portability and Accountability Act
authorization.

Study Objectives

This was a planned interim analysis of a 5-year cohort study at
KPSC to evaluate the VE of mRNA-1273 in preventing
SARS-CoV-2 infection and severe COVID-19 disease [5, 30].
The primary objective was to assess the rVE of a booster dose
vs the 2-dose primary series of mRNA-1273 in preventing
SARS-CoV-2 infection and severe COVID-19 disease in immu-
nocompetent adults. Secondary objectives included assessing
rVE of a booster dose of mRNA-1273 in preventing
SARS-CoV-2 infection by age, sex, race/ethnicity, history of
SARS-CoV-2 infection, pregnancy status, and chronic disease
subgroups as well as assessing rVE of a booster dose of
mRNA-1273 in preventing SARS-CoV-2 infection and severe
COVID-19 disease by month of follow-up.

Study Population

For the study cohort, the index date was defined as the date of
receipt of the booster dose of mRNA-1273 for the booster-dose
individuals; their matched 2-dose vaccinated counterparts were
assigned the same index date. Eligible individuals were

immunocompetent and aged ≥18 years at index date and
were KPSCmembers for≥1 year prior to the index date (allow-
ing a 31-day membership gap) and for ≥14 days after the index
date. Individuals were considered immunocompetent if they
did not have a documented history of immunocompromising
conditions (human immunodeficiency virus, leukemia/lym-
phoma, congenital and other immunodeficiencies, asplenia/hy-
posplenia, hematopoietic stem cell/solid organ transplant,
receipt of immunosuppressive medications) as of the index
date. Individuals who received a COVID-19 vaccine other
than mRNA-1273 on or before the index date and individuals
who died, had a COVID-19 outcome, or received any
COVID-19 vaccine <14 days after the index date were
excluded.
The booster-dose mRNA-1273 vaccinated group was com-

posed of immunocompetent adults who received a booster
dose (ie, third dose received≥150 days after completion of their
initial 2-dose mRNA-1273 primary series) from 20 October
2021 (when the booster dose of mRNA-1273 was authorized)
through 31 December 2021. The 2-dose mRNA-1273 vaccinat-
ed group was composed of immunocompetent adults who
completed their mRNA-1273 primary series by the index
date. These comparators were randomly selected and matched
1:1 to the booster-dose vaccinated individuals by age group
(18–44 years, 45–64 years, 65–74 years, and ≥75 years), sex,
race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, non-Hispanic Asian, and other/unknown), and
date of the second dose. Index dates were also balanced through
matching since matched booster-dose and 2-dose vaccinated
individuals shared the same index date.

Exposures and Outcomes

Information on the mRNA-1273 exposure was ascertained
from KPSC’s EHR. The EHR included vaccines administered
within KPSC as well as COVID-19 vaccines imported daily
into the KPSC EHR from the California Immunization
Registry (CAIR), Care Everywhere (Epic EHR feature that al-
lows healthcare systems to exchange medical information),
claims (eg, pharmacies), and member self-report with docu-
mentation. All providers of COVID-19 vaccines were required
by law to provide COVID-19 vaccine administration data daily
to CAIR [31].
The first primary outcome was SARS-CoV-2 infection, de-

fined as a positive molecular test or a COVID-19 diagnosis
code for both symptomatic and asymptomatic infections.
SARS-CoV-2 infections with a COVID-19 diagnosis code or
a SARS-CoV-2–positive molecular test in the 90 days prior
were not considered incident cases. The second primary out-
come was severe COVID-19 disease, which included
COVID-19 hospitalization (hospitalization with a
SARS-CoV-2–positive test or a COVID-19 diagnosis code, or
a hospitalization ≤7 days after a SARS-CoV-2–positive test)
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and COVID-19 hospital death (death that occurred during
COVID-19 hospitalization). COVID-19 hospitalization was
confirmed by at least 1 documented, oxygen saturation,
SpO2, level< 90% during hospital stay for all patients and a la-
bor and delivery stay >2 days for pregnant patients, or by chart
review, as needed; manual chart review was completed by a
physician investigator (B. K. A.) and trained chart abstractors
to verify the presence of severe COVID-19 symptoms.

Individuals were followed for COVID-19 outcomes ≥14 days
after the index date through 31 January 2022 (end of follow-up)
or until occurrence of a censoring event (termination of KPSC
membership allowing for a 31-day gap, death, or receipt of a
COVID-19 vaccine). The 2-dose vaccinated individuals stopped
contributing 2-dose vaccinated person-time if they received a
booster dose of mRNA-1273 during follow-up and started con-
tributing booster-dose person-time 14 days after they received
an eligible booster dose of mRNA-1273.

Other Variables

Prespecified potential confounders were identified a priori
based on the literature. Baseline characteristics were extracted
from the EHR. Variables assessed at index date included age,
sex, race/ethnicity, socioeconomic status (Medicaid coverage,
neighborhood median household income), medical center
area, pregnancy status, and KPSC physician/employee status.
Variables assessed in the year prior to the index date included
Charlson comorbidity score, frailty index [32], chronic diseases
(kidney disease, heart disease, lung disease, liver disease, diabe-
tes), autoimmune conditions (rheumatoid arthritis, inflamma-
tory bowel disease, psoriasis and psoriatic arthritis, multiple
sclerosis, systemic lupus erythematosus), healthcare utilization
(virtual, outpatient, emergency department, inpatient encoun-
ters), and preventive care (other vaccinations, screenings, well
visits). Variables assessed in the 2 years prior to index date in-
cluded body mass index (BMI) and smoking. Other variables
included history of SARS-CoV-2 infection and molecular test
performed from 1March 2020 to index date (irrespective of re-
sult) and receipt of concomitant vaccine with the booster dose.

Statistical Analyses

Baseline characteristics of the booster-dose and 2-dose vacci-
nated groups were described. Continuous variables were com-
pared using the 2-sample t test or Wilcoxon rank sum test, as
appropriate, and categorical variables were compared using
the χ2 test or Fisher exact test, as appropriate. To assess the bal-
ance of covariates across groups, absolute standardized differ-
ences (ASDs) were used. Covariates with ASD>0.1, as well as
age, sex, race/ethnicity, month of index date, and time between
second dose and index date, were included in the multivariable
models. The missing indicator method was used for covariates
with missing data [33].

Incidence rates (IRs) per 1000 person-years of SARS-CoV-2
infection, COVID-19 hospitalization, and COVID-19 hospital
death for both booster-dose and 2-dose vaccinated groups
were calculated by dividing the number of incident events by
person-years. Cumulative incidences of SARS-CoV-2 infec-
tion, COVID-19 hospitalization, and COVID-19 hospital death
for both groups were estimated through Kaplan–Meier curves
and compared using the log-rank test.
Unadjusted and adjusted hazard ratios (HRs) with 95% confi-

dence intervals (CIs) comparing SARS-CoV-2 infection,
COVID-19 hospitalization, and COVID-19 hospital death in
the booster-dose and 2-dose vaccinated groups overall were esti-
mated using Cox proportional hazards regression models. rVE
(%) was calculated as (1−HR)× 100. rVE (%) can be considered
to be 1− ratio of HRs (HR3-dose/HR2-dose), while VE3-dose= 1−
HR3-dose and VE2-dose= 1−HR2-dose using the unvaccinated as
the referent group. HRs and rVE were also estimated comparing
SARS-CoV-2 infection in booster-dose and 2-dose vaccinated
individuals by age, sex, race/ethnicity, history of SARS-CoV-2
infection, pregnancy status, and chronic diseases. rVE against
SARS-CoV-2 infection, COVID-19 hospitalization, and
COVID-19 hospital death was also estimated by month of
follow-up (0 to <1, 1 to <2, and 2 to <3 months) using time-
varying Cox regression models. All analyses were conducted us-
ing SAS software version 9.4 (Cary, NC).

RESULTS

Baseline Characteristics

The study cohort consisted of 431 328 booster-dose vaccinated
individuals and 431 328 matched 2-dose vaccinated individuals
(Figure 1). Overall, 61.4% of individuals were aged 18–64 years
(median, 59); there were more females than males (55.1%), and
37.1% were non-Hispanic White, 33.2% were Hispanic, 15.6%
were non-Hispanic Asian, and 7.6% were non-Hispanic Black
(Table 1). The proportions of booster-dose and 2-dose groups
were similar (ASD≤0.1) in terms of BMI, smoking, Charlson
comorbidity score, frailty index, chronic diseases, autoimmune
conditions, pregnancy status, history of SARS-CoV-2 infection
and molecular test, emergency department visits, hospitaliza-
tions, Medicaid enrollment, median household income, and
KPSC physician/employee status. Compared with the 2-dose
group, the booster-dose group had more outpatient and virtual
visits and more preventive care visits in the year prior to the in-
dex date (ASD>0.1). Among the booster-dose individuals,
52.5% received their booster dose 150 to <240 days after their
second dose, with 44.5% receiving the booster in November
2021 and 41.8% in December 2021.

rVE Against SARS-CoV-2 Infection, COVID-19 Hospitalization, and
COVID-19 Hospital Death

There were 17 591 cases of SARS-CoV-2 infection in the
booster-dose group and 19 750 cases in the 2-dose group
(Table 2). IRs per 1000 person-years for SARS-CoV-2 infection,
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Figure 1. Flowchart for booster-dose and 2-dose messenger RNA-1273 vaccine
cohorts. Abbreviations: COVID-19, coronavirus disease 2019; KPSC, Kaiser Perm-
anente Southern California; mRNA, messenger RNA.

Table 1. Baseline Characteristics of Booster-Dose and 2-Dose
Messenger RNA-1273 Vaccinated Immunocompetent Cohorts

Characteristic

Booster-Dose
Vaccinated 2-Dose Vaccinated Absolute

Standardized
Difference

N=431328 N= 431328
N (%)

Age at index date,
median
(interquartile
range), y

60 (45–70) 59 (45–70) 0.03

Age at index date, y N/A

18–44 106353 (24.7) 106 353 (24.7) …

45–64 158315 (36.7) 158 315 (36.7) …

65–74 98 132 (22.8) 98 132 (22.8) …

≥75 68 528 (15.9) 68 528 (15.9) …

Sex N/A

Female 237 784 (55.1) 237 784 (55.1) …

Male 193544 (44.9) 193 544 (44.9) …

Race/Ethnicity N/A

Non-Hispanic
White

160 182 (37.1) 160 182 (37.1) …

Non-Hispanic
Black

32911 (7.6) 32 911 (7.6) …

Hispanic 143 085 (33.2) 143 085 (33.2) …

Non-Hispanic
Asian

67 190 (15.6) 67 190 (15.6) …

Other/unknown 27960 (6.5) 27 960 (6.5) …

Body mass index,a kg/m2 0.09

<18.5 4787 (1.1) 4887 (1.1) …

18.5 to <25 101387 (23.5) 97 705 (22.7) …

25 to <30 132089 (30.6) 128 120 (29.7) …

30 to <35 82 367 (19.1) 80 975 (18.8) …

35 to <40 38631 (9.0) 36 770 (8.5) …

40 to <45 16222 (3.8) 15 339 (3.6) …

≥45 10146 (2.4) 9724 (2.3) …

Unknown 45 699 (10.6) 57 808 (13.4) …

Smokinga 0.09

No 315447 (73.1) 304 716 (70.6) …

Yes 81 898 (19.0) 81 383 (18.9) …

Unknown 33983 (7.9) 45 229 (10.5) …

Charlson comorbidity scoreb 0.05

0 260075 (60.3) 270 499 (62.7) …

1 73 724 (17.1) 67 838 (15.7) …

≥2 97 529 (22.6) 92 991 (21.6) …

Frailty indexb 0.06

Quartile 1 94 601 (21.9) 92 173 (21.4) …

Quartile 2 116 087 (26.9) 128 496 (29.8) …

Quartile 3 110 463 (25.6) 105 194 (24.4) …

Quartile 4, most
frail

110 177 (25.5) 105 465 (24.5) …

Chronic diseasesb

Kidney disease 35298 (8.2) 34 619 (8.0) 0.01

Heart disease 18554 (4.3) 19 546 (4.5) 0.01

Lung disease 43 447 (10.1) 40 308 (9.3) 0.02

Liver disease 15417 (3.6) 14 252 (3.3) 0.01

Diabetes 85 967 (19.9) 80 984 (18.8) 0.03

Autoimmune
conditionsb

11 674 (2.7) 10 964 (2.5) 0.01

Rheumatoid
arthritis

4049 (0.9) 4055 (0.9) …

Inflammatory
bowel disease

2104 (0.5) 1883 (0.4) …

Psoriasis and
psoriatic arthritis

5052 (1.2) 4595 (1.1) …

Multiple sclerosis 707 (0.2) 651 (0.2) …

Systemic lupus
erythematosus

723 (0.2) 643 (0.1) …
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COVID-19 hospitalization, and COVID-19 hospital death were
279.15 (95% CI: 275.06–283.31), 1.67 (1.38–2.02), and 0.02
(.00–.11), respectively, among the booster-dose group and
701.84 (692.12–711.69), 11.76 (10.58–13.07), and 0.34

Table 1. Continued

Characteristic

Booster-Dose
Vaccinated 2-Dose Vaccinated Absolute

Standardized
Difference

N=431328 N=431328
N (%)

Pregnancy status 2305 (0.5) 2546 (0.6) 0.01

First trimester 560 (0.1) 707 (0.2) …

Second trimester 864 (0.2) 1008 (0.2) …

Third trimester 881 (0.2) 831 (0.2) …

History of
SARS-CoV-2
infectionc

38 443 (8.9) 44 963 (10.4) 0.05

History of
SARS-CoV-2
molecular testc

229 444 (53.2) 219 536 (50.9) 0.05

Number of outpatient and virtual visitsb 0.15

0 15 473 (3.6) 25 554 (5.9) …

1–4 103865 (24.1) 118 498 (27.5) …

5–10 143858 (33.4) 140 160 (32.5) …

≥11 168132 (39.0) 147 116 (34.1) …

Number of emergency department visitsb 0.03

0 369771 (85.7) 365 743 (84.8) …

1 44902 (10.4) 46 662 (10.8) …

≥2 16 655 (3.9) 18 923 (4.4) …

Number of hospitalizationsb 0.02

0 413341 (95.8) 411 904 (95.5) …

1 14 425 (3.3) 15 059 (3.5) …

≥2 3562 (0.8) 4365 (1.0) …

Preventive careb 363 352 (84.2) 330 079 (76.5) 0.20

Medicaid 25 106 (5.8) 28 167 (6.5) 0.03

Neighborhood median household income 0.05

<$40000 17 112 (4.0) 19 029 (4.4) …

$40000–$59999 77194 (17.9) 81 900 (19.0) …

$60000–$79999 100337 (23.3) 103 033 (23.9) …

$80000+ 236422 (54.8) 227 048 (52.6) …

Unknown 263 (0.1) 318 (0.1) …

Kaiser Permanente
Southern
California
physician/
employee

17 333 (4.0) 14 561 (3.4) 0.03

Concomitant
vaccinationd

19 290 (4.5) N/A N/A

Time between second dose and index date, d <0.01

150–<240 226302 (52.5) 226 402 (52.5) …

≥240 205026 (47.5) 204 926 (47.5) …

Index date N/A

October 2021 58767 (13.6) 58 767 (13.6) …

November 2021 192139 (44.5) 192 139 (44.5) …

December 2021 180422 (41.8) 180 422 (41.8) …

Medical center area not shown (P≤ 0.01 and absolute standardized difference= 0.11).
There were differences in the distribution of the booster-dose vaccinated and 2-dose
vaccinated individuals across the 19 medical center areas.

Abbreviations: N/A, not applicable; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
aDefined in the 2 years prior to index date.
bDefined in the 1 year prior to index date.
cDefined based on all available medical records from 1 March 2020 to index date.
dAmong patientswith concomitant vaccines receivedwith the booster dose: influenza
vaccine (90.4%), pneumococcal conjugate vaccine/pneumococcal polysaccharide
vaccine (PCV13/PPSV23) (1.9%), tetanus, diphtheria, and pertussis (Tdap) (6.7%),
and other vaccine (4.2%).
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(.18–.63), respectively, among the 2-dose group. The cumula-
tive incidences of SARS-CoV-2 infection, COVID-19 hospital-
ization, and COVID-19 hospital death were all significantly
higher in the 2-dose group than in the booster-dose group (log-
rank test P< .02; Figure 2A–C). The adjusted rVE (Table 2) was
61.3% (95% CI: 60.5%–62.2%) against SARS-CoV-2 infection,
89.0% (86.2%–91.2%) against COVID-19 hospitalization, and
96.0% (68.0%–99.5%) against COVID-19 hospital death.

rVE Against SARS-CoV-2 Infection by Subgroups

Among the booster-dose and 2-dose groups, the IR of
SARS-CoV-2 infection was higher in those aged <65 years
than in those aged ≥65 years, in females than in males, and
among Hispanic individuals than among other racial/ethnic
groups (Table 3). Pregnant women also had an elevated IR of
SARS-CoV-2 infection in both the booster-dose (647.21
[561.84–745.54]) and 2-dose (1795.54 [1607.53–2005.54])
groups. Among the chronic disease subgroups, those with liver
disease had the highest IR of SARS-CoV-2 infection in both the
booster-dose (321.16 [299.00–344.95]) and 2-dose (788.75
[732.20–849.67]) groups.

Across all subgroups, the adjusted rVE against SARS-CoV-2
infection ranged from 55.6% to 66.7%. Within the age sub-
group, those aged ≥75 years had the highest adjusted rVE of
66.7% (63.9%–69.3%). Adjusted rVE against SARS-CoV-2 in-
fection in females and in males was 61.7% (60.6%–62.8%)
and 60.6% (59.3%–61.9%), respectively. Within the race/eth-
nicity subgroups, adjusted rVE was highest in non-Hispanic
Whites (65.7% [64.3%–67.1%]). Adjusted rVE for those with
no history of SARS-CoV-2 infection was 62.1% (61.2%–

63.0%); for pregnant women, the adjusted rVE was 63.0%
(55.3%–69.3%); and among chronic diseases, those with heart
disease had the highest adjusted point estimate of rVE of
66.3% (62.0%–70.0%).

rVE Against SARS-CoV-2 Infection, COVID-19 Hospitalization, and
COVID-19 Hospital Death by Month of Follow-up

Adjusted rVE against SARS-CoV-2 infection decreased from
67.1% at 0 to <1 month to 30.5% at 2 to <3 months
(Table 4). Adjusted rVE against COVID-19 hospitalization
also decreased from 91.2% at 0 to <1 month to 78.7% at 2 to
<3 months. Adjusted rVE against COVID-19 hospital death
was 93.1% at 0 to <1 month.

DISCUSSION

In this large cohort study, we examined the real-world effec-
tiveness of a homologous booster dose of mRNA-1273 com-
pared with the 2-dose mRNA-1273 primary series in
immunocompetent adults. The immunocompetent individuals

Figure 2. Cumulative incidence estimates of SARS-CoV-2 infection, COVID-19
hospitalization, and COVID-19 hospital death in booster-dose and 2-dose mes-
senger RNA-1273 immunocompetent vaccine cohorts. A, SARS-CoV-2 infection.
B, COVID-19 hospitalization. C, COVID-19 hospital death. Abbreviations:
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2.

mRNA-1273 Vaccine Booster • CID • 7



Ta
bl
e
3.

In
ci
de
nc
e
Ra

te
,H

az
ar
d
Ra

tio
,a
nd

Re
la
tiv
e
Va

cc
in
e
Ef
fe
ct
iv
en
es
s
of

B
oo
st
er

D
os
e
of

M
es
se
ng
er

RN
A
-1
27
3
Va

cc
in
e
in

Pr
ev
en
tin

g
Se

ve
re

A
cu
te

Re
sp
ir
at
or
y
Sy
nd
ro
m
e
Co

ro
na
vi
ru
s
2
(S
A
RS

-C
oV

-2
)

In
fe
ct
io
n
A
m
on
g
an

Im
m
un
oc
om

pe
te
nt

Po
pu
la
tio

n
by

A
ge
,S

ex
,R

ac
e/
Et
hn
ic
ity
,H

is
to
ry

of
SA

RS
-C
oV

-2
In
fe
ct
io
n,
Pr
eg
na
nc
y
St
at
us
,a

nd
Ch

ro
ni
c
D
is
ea
se

Su
bg
ro
up
s

C
ha

ra
ct
er
is
tic

s

B
oo

st
er
-D
os

e
V
ac
ci
na

te
d
(N

=
43

1
32

8)
2-
D
os

e
V
ac
ci
na

te
d
(N

=
43

1
32

8)
H
az
ar
d
R
at
io

(9
5%

C
I)

R
el
at
iv
e
V
ac
ci
ne

E
ff
ec

tiv
en

es
s

(9
5%

C
I)

N
um

be
r
of

C
as
es

In
ci
de

nc
e
P
er

10
00

P
er
so

n-
Y
ea

rs
(9
5%

C
I)

N
um

be
r
of

C
as
es

In
ci
de

nc
e
P
er

10
00

P
er
so

n-
Y
ea

rs
(9
5%

C
I)

U
na

dj
us

te
d

A
dj
us

te
da

U
na

dj
us

te
d

A
dj
us

te
da

A
ge

at
in
de

x
da

te
,y

18
–
44

62
38

47
4.
67

(4
63

.0
4–

48
6.
60

)
78

28
11

00
.9
5
(1
07

6.
83

–
11

25
.6
1)

0.
41

(.4
0–

.4
3)

0.
41

(.4
0–

.4
3)

58
.8

(5
7.
4–

60
.2
)

58
.9

(5
7.
4–

60
.3
)

45
–
64

68
62

32
5.
98

(3
18

.3
6–

33
3.
79

)
82

04
86

0.
01

(8
41

.6
0–

87
8.
82

)
0.
35

(.3
4–

.3
6)

0.
36

(.3
5–

.3
7)

65
.1

(6
4.
0–

66
.3
)

64
.1

(6
2.
8–

65
.3
)

65
–
74

30
25

17
9.
74

(1
73

.4
5–

18
6.
26

)
23

36
33

8.
17

(3
24

.7
3–

35
2.
16

)
0.
43

(.4
1–

.4
6)

0.
44

(.4
2–

.4
7)

56
.5

(5
4.
1–

58
.9
)

55
.6

(5
2.
9–

58
.1
)

≥
75

14
66

12
2.
23

(1
16

.1
3–

12
8.
65

)
13

82
30

1.
56

(2
86

.0
7–

31
7.
89

)
0.
32

(.3
0–

.3
5)

0.
33

(.3
1–

.3
6)

67
.9

(6
5.
3–

70
.2
)

66
.7

(6
3.
9–

69
.3
)

S
ex Fe

m
al
e

10
18

3
29

1.
93

(2
86

.3
1–

29
7.
65

)
11

52
5

74
5.
83

(7
32

.3
4–

75
9.
57

)
0.
37

(.3
6–

.3
8)

0.
38

(.3
7–

.3
9)

63
.1

(6
2.
1–

64
.1
)

61
.7

(6
0.
6–

62
.8
)

M
al
e

74
08

26
3.
32

(2
57

.3
9–

26
9.
38

)
82

25
64

8.
26

(6
34

.4
0–

66
2.
42

)
0.
38

(.3
7–

.3
9)

0.
39

(.3
8–

.4
1)

62
.0

(6
0.
7–

63
.2
)

60
.6

(5
9.
3–

61
.9
)

R
ac
e/
et
hn

ic
ity

N
on

-H
is
pa

ni
c
W
hi
te

47
04

19
1.
37

(1
85

.9
8–

19
6.
92

)
56

83
53

3.
41

(5
19

.7
2–

54
7.
46

)
0.
34

(.3
2–

.3
5)

0.
34

(.3
3–

.3
6)

66
.4

(6
5.
1–

67
.7
)

65
.7

(6
4.
3–

67
.1
)

N
on

-H
is
pa

ni
c
B
la
ck

12
09

25
1.
04

(2
37

.2
8–

26
5.
60

)
14

03
73

4.
99

(6
97

.5
2–

77
4.
47

)
0.
32

(.3
0–

.3
5)

0.
35

(.3
2–

.3
8)

67
.7

(6
5.
0–

70
.2
)

65
.1

(6
2.
1–

67
.9
)

H
is
pa

ni
c

78
91

39
9.
49

(3
90

.7
8–

40
8.
41

)
88

89
94

9.
97

(9
30

.4
3–

96
9.
93

)
0.
39

(.3
8–

.4
0)

0.
41

(.3
9–

.4
2)

61
.3

(6
0.
1–

62
.5
)

59
.4

(5
8.
0–

60
.7
)

N
on

-H
is
pa

ni
c
A
si
an

27
08

27
0.
25

(2
60

.2
6–

28
0.
63

)
25

43
60

8.
34

(5
85

.1
5–

63
2.
45

)
0.
41

(.3
9–

.4
4)

0.
42

(.4
0–

.4
5)

58
.8

(5
6.
4–

61
.0
)

57
.5

(5
5.
0–

59
.9
)

H
is
to
ry

of
se

ve
re

ac
ut
e
re
sp

ira
to
ry

sy
nd

ro
m
e
co

ro
na

vi
ru
s
2
in
fe
ct
io
n

N
o

16
19

3
27

9.
71

(2
75

.4
4–

28
4.
05

)
17

88
8

71
2.
01

(7
01

.6
5–

72
2.
52

)
0.
37

(.3
6–

.3
8)

0.
38

(.3
7–

.3
9)

63
.1

(6
2.
2–

63
.9
)

62
.1

(6
1.
2–

63
.0
)

Y
es

13
98

27
2.
86

(2
58

.9
3–

28
7.
55

)
18

62
61

7.
12

(5
89

.7
2–

64
5.
80

)
0.
41

(.3
8–

.4
4)

0.
42

(.3
9–

.4
6)

58
.7

(5
5.
6–

61
.5
)

57
.7

(5
4.
5–

60
.7
)

P
re
gn

an
t

Y
es

19
2

64
7.
21

(5
61

.8
4–

74
5.
54

)
31

4
17

95
.5
4
(1
60

7.
53

–
20

05
.5
4)

0.
34

(.2
8–

.4
1)

0.
37

(.3
1–

.4
5)

66
.3

(5
9.
5–

72
.0
)

63
.0

(5
5.
3–

69
.3
)

C
hr
on

ic
di
se

as
es

K
id
ne

y
di
se

as
e

10
49

17
6.
88

(1
66

.4
9–

18
7.
91

)
98

5
43

7.
83

(4
11

.3
2–

46
6.
04

)
0.
33

(.3
1–

.3
7)

0.
35

(.3
1–

.3
8)

66
.6

(6
3.
5–

69
.5
)

65
.4

(6
2.
1–

68
.5
)

H
ea

rt
di
se

as
e

59
5

19
6.
20

(1
81

.0
5–

21
2.
62

)
66

7
51

2.
73

(4
75

.2
6–

55
3.
15

)
0.
33

(.2
9–

.3
7)

0.
34

(.3
0 –

.3
8)

67
.3

(6
3.
3–

70
.8
)

66
.3

(6
2.
0–

70
.0
)

Lu
ng

di
se

as
e

18
73

27
3.
14

(2
61

.0
5–

28
5.
80

)
18

18
71

8.
52

(6
86

.2
3–

75
2.
31

)
0.
34

(.3
1–

.3
6)

0.
35

(.3
3–

.3
8)

66
.4

(6
4.
0–

68
.5
)

64
.7

(6
2.
2–

67
.1
)

Li
ve

r
di
se

as
e

75
2

32
1.
16

(2
99

.0
0–

34
4.
95

)
69

4
78

8.
75

(7
32

.2
0–

84
9.
67

)
0.
36

(.3
3–

.4
0)

0.
38

(.3
4–

.4
3)

63
.8

(5
9.
7–

67
.5
)

61
.9

(5
7.
5–

65
.9
)

D
ia
be

te
s

34
81

25
8.
26

(2
49

.8
2–

26
6.
98

)
32

26
63

6.
81

(6
15

.2
1–

65
9.
17

)
0.
35

(.3
3–

.3
7)

0.
36

(.3
4–

.3
7)

65
.1

(6
3.
3–

66
.8
)

64
.4

(6
2.
6–

66
.2
)

A
bb

re
vi
at
io
n:

C
I,
co

nfi
de

nc
e
in
te
rv
al
.

a A
dj
us

te
d
fo
r
co

va
ria

te
s
ag

e,
se

x,
ra
ce

/e
th
ni
ci
ty
,i
nd

ex
da

te
(in

m
on

th
s)
,t
im

e
be

tw
ee

n
se

co
nd

do
se

an
d
in
de

x
da

te
,n

um
be

r
of

ou
tp
at
ie
nt

an
d
vi
rt
ua

lv
is
its

,a
nd

pr
ev

en
tiv

e
ca

re
.

8 • CID • Florea et al



started receiving their boosters in mid-October 2021 through
December 2021 with follow-up through January 2022;
Omicron began spreading throughout the United States in
late 2021 as one of the more infectious SARS-CoV-2 variants
[34]. At KPSC, at the start of our study period
(mid-October), Delta was the dominant variant; the proportion
attributed to Omicron increased from 1.7% on 1 December
2021 to 99.2% on 31 January 2022, with Omicron surpassing
Delta around mid-December [11]. We found that the rVE of
the booster dose vs 2 doses tended to increase with disease se-
verity; the rVE was 61.3%, 89.0%, and 96.0% against
SARS-CoV-2 infection, COVID-19 hospitalization, and
COVID-19 hospital death, respectively. Furthermore, while
rVE against SARS-CoV-2 infection decreased from 67.1% to
30.5% in the first 3 months after booster vaccination, rVE
against COVID-19 hospitalization remained high at 78.7% up
to 3 months after booster vaccination.
The use of COVID-19 vaccine boosters has expanded as

more studies have found waning VE of COVID-19 vaccina-
tions over time [5–7, 9] and as newer, more infectious
SARS-CoV-2 variants have spread [35]. Our results add to a
growing body of evidence evaluating the VE of COVID-19 vac-
cine boosters. A matched cohort study in Qatar of mRNA-1273
recipients from January 2021 to January 2022 found an rVE of a
booster dose vs the 2-dose mRNA-1273 series against sympto-
matic infection of 47.3% (40.7%–53.3%) [22]. Further, a retro-
spective cohort study conducted across the Department of
Veterans Affairs (VA) healthcare system with booster vaccina-
tions from September 2021 to December 2021 found an rVE
against SARS-CoV-2 infection of 27% (24%–30%) when a
booster vs 2-dose mRNA-1273 primary series was compared
[36]. Conversely, our study results showed a higher rVE against
SARS-CoV-2 infection (61.3% [60.5%–62.2%]) during a period
when Omicron was on the rise. This may be due to our study
population focusing on immunocompetent individuals, where-
as the previous studies also included immunocompromised in-
dividuals. Similar to our findings, another national study, also
among an immunocompetent population reported, during
Omicron, found an adjusted odds ratio of 0.31 (or an adjusted
rVE of 69%) against SARS-CoV-2 infection when 3 vs 2 doses
of mRNA-1273 was compared [27]. Our study also found a
high IR of SARS-CoV-2 infection in individuals with liver dis-
ease, a subgroup severely impacted by COVID-19 [37]; howev-
er, our results still showed an rVE of 61.9% in this subgroup.
Last, of the subgroups included in our study, pregnant women
had the highest IRs of SARS-CoV-2 infection in both the
booster-dose and 2-dose groups with an rVE of 63.0%. The
rVE is encouraging as pregnant women are at a 2- to 3-times
increased risk of COVID-19–related complications [38, 39]
and would thus benefit from an mRNA-1273 booster dose.
mRNA COVID-19 boosters have been shown to have a high

VE against severe disease. The study conducted at the VATa
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found an rVE against COVID-19 hospitalization of 55% (46%–

61%) and an rVE against COVID-19 intensive care unit admis-
sion and death of 72% (24%–90%) when a booster dose vs
2-dose mRNA-1273 series was compared [36]. Although we
also found that rVE increased with COVID-19 severity (rVE
of 89.0% and 96.0% for COVID-19 hospitalization and
COVID-19 hospital death, respectively), our study’s rVEs
were higher than in the VA study. This may be due to the
fact that the VA study cohort consisted of an older, primarily
male population that also included immunocompromised indi-
viduals, while our study population was younger, had more fe-
males, and excluded immunocompromised individuals.
Moreover, a study across 21 hospitals in 18 US states from
August 2021 to December 2021 reported an effectiveness of
an mRNA vaccine among immunocompetent patients of 82%
(2-dose vaccinated vs unvaccinated) and 97% (3-dose vaccinat-
ed vs unvaccinated) against COVID-19 hospitalizations [25].
This translates to an unadjusted rVE against COVID-19 hospi-
talization, in 3-dose vs 2-dose vaccinated, of 87% in immuno-
competent patients, similar to the unadjusted rVE against
COVID-19 hospitalization found in our study (88.5%
[85.7%–90.8%]).

Our study’s strengths include KPSC’s large, demographically
and racially/ethnically diverse member population that allowed
us to examine the effectiveness of a homologous booster among
immunocompetent individuals only. This allowed for high gen-
eralizability to the underlying population. Furthermore, we used
KPSC’s comprehensive EHR to collect data on variables such as
COVID-19 vaccine information, healthcare utilization, and po-
tential demographic and clinical conditions. Nevertheless, resid-
ual confounding might still be present. The EHR does not
capture health-seeking behaviors such as adequate masking
and occupation; these may lead to differences between the
booster-dose and 2-dose groups in COVID-19 risk and likeli-
hood of receiving a booster. Nondifferential misclassification
of SARS-CoV-2 infection due to inaccurate diagnosis codes
from outside claims or due to false-positive or false-negative re-
sults may have underestimated the rVE, though we expect this
misclassification would be minimal. The rVE estimates should
also be interpreted with caution as the booster-dose group was
compared against a 2-dose vaccinated group rather than against
an unvaccinated group; however, rVE estimation minimized po-
tential confounders and differences between unvaccinated and
vaccinated individuals. Last, although our study occurred during
the emergence of Omicron, we did not differentiate
SARS-CoV-2 variants in our analyses.

Overall, we evaluated the effectiveness of a homologous
booster in an mRNA-1273–vaccinated immunocompetent
population. We observed that receipt of a booster dose follow-
ing completion of the 2-dose mRNA-1273 primary series in-
creased protection against both SARS-CoV-2 infection and
severe COVID-19 disease. However, as of 29 March 2022, a

second mRNA booster dose was recommended in the United
States for immunocompetent adults aged ≥50 years, ≥4
months after the first booster dose [18]. Thus, future studies
are needed to evaluate the effectiveness of a second booster
in this population, as well as to evaluate continued long-term
follow-up of a single booster in the immunocompetent
population.
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