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Adenovirus Vector) Against COVID-19 Hospitalizations
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Background. Coronavirus disease 2019 (COVID-19) vaccine effectiveness (VE) studies are increasingly reporting relative VE
(rVE) comparing a primary series plus booster doses with a primary series only. Interpretation of rVE differs from traditional
studies measuring absolute VE (aVE) of a vaccine regimen against an unvaccinated referent group. We estimated aVE and rVE
against COVID-19 hospitalization in primary-series plus first-booster recipients of COVID-19 vaccines.

Methods. Booster-eligible immunocompetent adults hospitalized at 21 medical centers in the United States during December
25,2021-April 4, 2022 were included. In a test-negative design, logistic regression with case status as the outcome and completion of
primary vaccine series or primary series plus 1 booster dose as the predictors, adjusted for potential confounders, were used to
estimate aVE and rVE.

Results. A total of 2060 patients were analyzed, including 1104 COVID-19 cases and 956 controls. Relative VE against COVID-19
hospitalization in boosted mRNA vaccine recipients versus primary series only was 66% (95% confidence interval [CI], 55%-74%);
aVE was 81% (95% CI, 75%-86%) for boosted versus 46% (95% CI, 30%-58%) for primary. For boosted Janssen vaccine recipients
versus primary series, rVE was 49% (95% CI, —9% to 76%); aVE was 62% (95% CI, 33%-79%) for boosted versus 36% (95% CI, —4%
to 60%) for primary.
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Conclusions.

Vaccine booster doses increased protection against COVID-19 hospitalization compared with a primary series.

Comparing rVE measures across studies can lead to flawed interpretations of the added value of a new vaccination regimen, whereas

difference in aVE, when available, may be a more useful metric.
Keywords.
effectiveness.

absolute vaccine effectiveness; booster vaccine series; COVID-19; primary vaccine series; relative vaccine

Observational coronavirus disease 2019 (COVID-19) vaccine ef-
fectiveness (VE) studies have generally assessed absolute VE
(aVE) of a vaccine regimen by comparing the frequency of the
outcome (eg, infection, hospitalization, death) in vaccinated (pri-
mary series [1, 2] or first booster [3, 4]) versus unvaccinated
groups to estimate risk reduction for disease based on vacci-
nation [1-4]. Relative VE (rVE), in contrast, has often been
used to compare the risk reduction benefits of different influ-
enza vaccine products (eg, adjuvanted vs high-dose vaccines)
based on their effectiveness versus an unvaccinated group
[5, 6]. As booster doses were added to COVID-19 vaccination
schedules, rVE was also increasingly used to assess the VE of
booster regimens by comparing disease incidence between
those receiving a booster dose and those receiving the primary
series alone [7, 8].

Observations of waning effectiveness for first booster doses
during the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron-predominant period [9, 10] have
prompted ongoing evaluation of the additional benefit of (1)
a first booster compared with a primary series and, increasing-
ly, (2) a second booster dose compared with a first. However,
both widespread primary series and first booster vaccination
in some settings and population groups (eg, older adults)
have led to some COVID-19 VE reporting solely rVE to char-
acterize their added value, without the context of an unvacci-
nated comparator group [11, 12]. Assessing rVE results in
terms of absolute improvement in protection for a population
can be challenging.

Relative VE for recipients of a vaccine primary series plus
booster dose versus the primary series alone can be expressed
as follows:

(Risk among vaccinatedp,osted)

rVE=1—
(Risk among vaccinated yrimary)

Relative VE can also be expressed in relation to aVE estimation:

aVEpoosted — aVEprimary

rVE =100% X
1 — aVE primary

Therefore, rVE is the proportion of residual disease remaining
after the first vaccine regimen that is prevented by the second,
new vaccine regimen. The increased reporting of rVE estimates
poses several interpretive challenges. Estimates of rVE might
not be comparable across outcomes or studies when the abso-
lute VE varies for the comparator vaccine. That is, for the same
rVE reported in 2 different studies, the absolute reduction in
disease burden provided by the newer regimen (eg, the primary

series plus first booster dose) compared with the older one (eg,
the primary series) can be quite different depending on the aVE
of the older regimen [6]. We sought to better contextualize the
rVE of COVID-19 boosters against COVID-19 hospitalization
and to develop the interpretation of rVE as an increasingly
common metric in COVID-19 booster studies. To achieve
these rVE for
primary-series-only COVID-19 vaccine recipients as well as

goals, we estimated boosted  versus
aVE for each of the 2 regimens, among booster-eligible patients

during the Omicron-predominant period.

METHODS

Setting

During December 25, 2021-April 4, 2022, a period in which
the B.1.1.529 (Omicron) variant of SARS-CoV-2 was close to
100% predominant (including an estimated >90% BA.1 or
BA.2 lineages) [13], adults admitted to 21 hospitals in 18 US
states within the Influenza or Other Viruses in the Acutely
Il IVY) Network [2, 4, 14, 15] who received testing for
SARS-CoV-2 were included in a VE analysis. The analysis start
date of December 25, 2021 was approximately 1 month after
the emergency use authorization of a first booster dose (follow-
ing a primary series of 2 mRNA doses or 1 Janssen dose) was
expanded to include all adults aged >18 years [16] and coin-
cided with the start of the period when the SARS-CoV-2
Omicron variant dominated in the United States. This activity
was determined to be public health surveillance by each partic-
ipating site and the Centers for Disease Control and
Prevention (CDC) and was conducted consistent with applica-
ble federal law and CDC policy (see 45 C.F.R. part 46.102(1)(2),
21 C.E.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C.
§3501 et seq).

Participants

Patients were eligible for analysis if they were immunocompe-
tent adults (>18 years old) hospitalized with COVID-19-like
illness (CLI), defined as having 1 or more of the following: fe-
ver, cough, shortness of breath, loss of taste, loss of smell, use of
respiratory support for the acute illness, or new pulmonary
findings on chest imaging consistent with pneumonia.
Test-positive case patients had CLI and tested positive for
SARS-CoV-2 by a molecular or antigen test within 14 days of
illness onset. Test-negative control patients had CLI and received
negative SARS-CoV-2 test results by molecular test [16]. Control
patients were time matched to cases within 2 weeks and could
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not have been previously enrolled during the prior 30 days; no
cases appeared more than once during the study period.

Data Collection

Patients or their proxies were interviewed regarding demo-
graphic and clinical characteristics, and medical record search-
es were completed to collect information about chronic
medical conditions. Information about receipt of prior
COVID-19 vaccination doses, including dates and vaccine
product received, was obtained through self-report and review
of source documentation (including state vaccination regis-
cards). The
COVID-19 vaccination was considered verified with informa-

tries, medical records, and vaccination
tion such as dates of vaccination, vaccine products, and lot
numbers using a systematic search of hospital electronic med-
ical records, state vaccination registries, or vaccination cards

(when available).

Patient Consent Statement

The IVY Network surveillance program is approved as a
public health surveillance activity. This study is conducted
with a waiver of informed consent granted by the
Institutional Review Boards at the US Centers for Disease
Control and Prevention, the IVY Network coordinating
center at Vanderbilt University, and at each participating
institution.

Vaccination Groups

For immunocompetent adults, a mRNA primary series refers to
a 2-dose series of an mRNA vaccine (BNT162b2 [Pfizer] or
mRNA-1273 [Moderna]) with the second dose >14 days before
illness onset, and a Janssen primary series refers to 1 dose
of Ad26.COV2 (Janssen [Johnson & Johnson]) >14 days
before illness onset. Three vaccination groups were considered:
(1) unvaccinated patients: received no COVID-19 vaccine dos-
es before illness onset; (2) primary series only recipients -
mRNA primary series recipients or Janssen primary series re-
cipients who were eligible for but had not received a booster
vaccine dose (>150 days since mRNA primary series or >60
days since Janssen primary series) or had received the booster
dose <7 days before illness onset; and (3) primary series plus
booster recipients - boosted mRNA vaccine recipients or boost-
ed Janssen recipients who received any single booster dose >7
days before illness onset. All other vaccine recipients outside of
these 3 groups were excluded from the analysis, including re-
cipients who received the single-dose mRNA vaccine, recipi-
ents who received 2 booster doses, and recipients who were
not ineligible for booster in the primary series.

Statistical Analysis
We reported differences in sociodemographic characteristics
and baseline clinical conditions by vaccination status. We

summarized continuous variables as medians and interquartile
ranges, and categorical variables were reported as counts and
percentages. Differences in distribution and association,
respectively, were tested using the Wilcoxon rank-sum test
for continuous variables and y” tests with continuity correc-
tion for categorical variables. A test-negative design was
used to evaluate aVE and rVE. Estimates of rVE against
COVID-19 hospitalization were calculated among 2 sub-
groups: (1) booster-eligible mRNA primary series recipients
versus booster recipients and (2) booster-eligible Janssen pri-
mary series recipients versus booster recipients.

We estimated aVE and rVE using multivariable logistic re-
gression, where the odds ratio (OR) is modeled with case-status
as the outcome and vaccination group (vaccinated without
booster, vaccinated with booster, or unvaccinated, depending
on analysis) as the exposure of interest while adjusting for
sex, race/ethnicity, US Census region of the admitting hospital,
age, number of pre-existing conditions, and admission date (bi-
weekly intervals). Covariates were selected a priori based on
clinical knowledge and past IVY analyses [2, 4, 13, 14]. The
VE was calculated as (1-OR) X 100% [17]. Profile likelihood
confidence intervals (ClIs) not containing 0 (zero) were consid-
ered statistically significant. Analyses were conducted using R
software (Vienna, Austria) [18].

Scenario Analysis

We demonstrated, through hypothetical numerical examples,
how a fixed rVE could have different practical meanings under
differing estimates of aVE. We assumed (1) 2 different vaccines
each with a different aVE estimate for the primary series, (2) a
constant rVE estimate for a booster dose of either vaccine rel-
ative to the primary series alone, and (3) completion of both
primary series and booster within a hypothetical population
of 2000 people. Using these inputs, we calculated outputs as
the number of events averted by (1) implementation of the pri-
mary series alone and (2) implementation of the primary series
plus booster dose. To isolate the effects of rVE on events avert-
ed and for purposes of illustration, we assumed that all input
parameters were true unbiased estimates not requiring adjust-
ment for confounding variables. To contextualize the results of
the current study and the scenario analysis, we used the
International Vaccine Access Center database [19] to identify
extant studies using rVE to compare COVID-19 vaccine
regimens.

RESULTS

Current Study

During December 25, 2021-April 4, 2022, a period during
which the Omicron variant of SARS-CoV-2 predominated,
the IVY Network enrolled 2105 patients, 45 of whom were ex-
cluded due to missing one of the covariates of age, sex, race,
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ethnicity, region, number of conditions, or admission date,
leaving 2060 hospitalized patients included in the analytic data-
set for this study (1104 case-patients and 956 non-COVID-19
controls). Among all participants, median age was 63 years,
48% of patients were female, and 61% were non-Hispanic
White. Among 1104 case patients with laboratory-confirmed
COVID-19, 309 (28%) were vaccinated with 2-dose mRNA pri-
mary series only, 148 (13%) with 3 doses of mRNA vaccine (pri-
mary series plus 1 booster); 58 (5%) with 1-dose Janssen
primary series only, 25 (2%) with 1-dose Janssen plus any boos-
ter (primary series plus 1 booster); and 564 (51%) were unvac-
cinated. Among 956 controls without COVID-19, 245 (26%)
were vaccinated with mRNA primary series, 372 (39%) with
mRNA primary series plus mRNA booster; 38 (4%) with
Janssen primary series, 40 (4%) with Janssen primary series
plus any booster; and 261 (27%) were unvaccinated.

Patients who received 2 doses of COVID-19 mRNA vaccine
(compared with those unvaccinated) were older (P <.001), had
more chronic medical conditions (P <.001), and were less like-
ly to test positive for SARS-CoV-2 (P <.001); recipients of a
booster dose (compared to those who received the primary se-
ries only) were older (P <.001), and booster status was not in-
dependent of race/ethnicity (P=.002) (Table 1). Adults
hospitalized with COVID-19 after 1 dose of Janssen (compared
with being unvaccinated) had more chronic medical conditions
(P <.001); those who received a Janssen primary series plus any
booster (compared to those who received the primary series
only) had more chronic medical conditions (P <.001), were
older (P=.049), and were less likely to test positive for
SARS-CoV-2 (P=.007). For mRNA vaccine recipients, median
days since the last full dose of vaccine (P <.001) were greater
among primary series recipients (274 days [interquartile range

Table 1. Characteristics of Unvaccinated Patients, nRNA Vaccine Recipients, and Janssen Vaccine Recipients (n = 2060), IVY Network, December 2021-

April 2022
Group (n)
Unvaccinated  mRNA Primary Series  mRNA Primary Series Plus Janssen Primary Janssen Primary Series
Characteristic, n (%) (n=825) (n=554) Booster (n=520) Series (n=96) Plus Booster (n=65)°
Clinical Group
COVID-19 Case 564 (68.4) 309 (55.8) 148 (28.5) 58 (60.4) 25 (38.5)
Age in Years
Median (IQR) 58 (44-70) 65 (53-74) 68 (58-78) 61 (51-69) 62 (52-70)
18-49 years 265 (32.1) 106 (19.1) 58 (11.2) 22 (22.9) 12 (18.5)
50-64 years 269 (32.6) 158 (28.5) 163 (29.4) 38 (39.6) 29 (44.6)
>65 years 291 (35.3) 290 (52.3) 309 (59.4) 36 (37.5) 24 (36.9)
Sex
Female 370 (44.8) 277 (50.0) 263 (50.6) 41 (42.7) 30 (46.2)
Race/ethnicity
Non-Hispanic White 465 (57.9) 316 (58.3) 351 (68.3) 52 (54.2) 35 (56.5)
Non-Hispanic Black 173 (21.5) 112 (20.7) 91 (17.7) 21(21.9) 13 (21.0)
Hispanic, Any Race 120 (14.9) 85 (15.7) 52 (10.1) 19(19.8) 9(14.5)
Non-Hispanic, all other races 45 (5.6) 29 (5.4) 20 (3.9) 4(4.2) 5(8.1)
Unknown 22 (2.6) 12 (2.1) 6(1.1) 0(0.0) 3 (4.4)
US Census Region
Northeast 182 (22.1) 161 (27.3) 120 (23.1) 24 (25.0) 16 (24.6)
South 307 (37.2) 206 (37.2) 162 (31.2) 40 (41.7) 16 (24.6)
Midwest 165 (20.0) 81 (14.6) 95 (18.3) 7 (7.3) 14 (21.5)
West 171 (20.7) 116 (20.9) 143 (27.5) 25 (26.0) 19 (29.2)
Number of chronic medical 1(1-2) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3)
conditions®, median (IQR)
Days from vaccine dose 1 to - 303 (266-338) 346 (316-372) 255 (203-293) 292 (257-329)
illness onset, median (IQR)
Days from last full dose to - 274 (238-310) 77 (52-107) 255 (203-293) 56 (33-87)

illness onset, median (IQR)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; mRNA, messenger ribonucleic acid.

#Among the 520 who received an mRNA primary series plus mRNA booster, 191 received a Moderna primary series and booster, 295 received a Pfizer primary series and booster, 16 received
a Moderna primary series with Pfizer booster, and 18 received a Pfizer primary series with Moderna Booster.

5Among the 65 who received the Janssen primary series plus any booster, 21 received a Moderna booster, 27 received a Pfizer booster, and 17 received a Janssen Booster.

°Chronic medical conditions are defined as chronic cardiovascular disease (heart failure, peripheral vascular disease that limits mobility, prior myocardial infarction, cardiac arrhythmias
including atrial fibrillation and ventricular arrhythmias, vascular heart disease, or hypertension), chronic lung disease (asthma, chronic obstructive pulmonary disease cystic fibrosis,
pulmonary fibrosis, pulmonary hypertension, home oxygen use [except at night for sleep disorder], tracheostomy, home noninvasive ventilation use [except at night for sleep disorder],
home invasive mechanical ventilation), diabetes mellitus (diabetes mellitus without end organ damage, diabetes mellitus with end organ damage).
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{IQR}, 238-310 days]) than for boosted recipients (77 days
[IQR, 52-107 days]; the trend was similar for Janssen recipients
(255 days [IQR, 203-293 days] vs 56 days [IQR, 33-87 days],
P <.001). Case patients (compared with control patients) also
differed by (P=.018) (see
Supplemental Table 1). Time since last full vaccine dose was

race/ethnicity  distribution

longer for vaccinated case patients compared with vaccinated
control patients (median 237 days [IQR, 102-289 days] vs
124 days [IQR, 64-259 days]).

Relative VE against COVID-19 hospitalization in mRNA
primary series plus booster recipients (vs primary series recip-
ients) was 66% (95% CI, 55%-74%); aVE (vs unvaccinated pa-
tients) was 81% (95% CI, 75%-86%) for mRNA primary series
plus booster recipients vs 46% (95% CI, 30%-58%) for primary
series recipients (difference, 35); rVE for patients aged >65
years was 71% (rVE = 71% [95% CI, 59% vs 80%], aVE =
85% [95% CI, 78%-90%] vs 48% [95% CI, 24%-65%]; differ-
ence, 37), whereas those aged 18-64 years had an rVE of 60%
(rVE = 60% [95% CI, 38%-74%]), aVE = 76% [64%-84%] vs
44% [95% CI, 22%-60%]; difference, 32) (Figure 1). In compar-
ison, for Janssen primary series plus booster recipients (vs pri-
mary series recipients), rVE was 49% (95% CI, —9% to 76%);
aVE (vs unvaccinated patients) was 62% (33%-79%) for

primary series plus booster recipients versus 36% (95% CI,
—4% to 60%) for primary series recipients (difference, 26)
(Figure 2).

Scenario Analysis

The actual reduction in disease associated with a given rVE de-
pends on difference between the aVE of the primary series plus
booster dose and the aVE of the primary series alone. As an il-
lustration, we assumed that the primary series of vaccine A
(aVE, 75%) and the primary series of vaccine B (aVE, 25%)
are each delivered in a population of 2000 people (Figure 3), re-
sulting in effectiveness against an event/outcome for 1500 in
the population receiving vaccine A and for 500 in the popula-
tion receiving vaccine B. When we assume an rVE of 50% for
the corresponding booster dose for each vaccine primary series,
an additional 250 events are averted by a booster dose of vac-
cine A while an additional 750 are averted by a booster dose
of vaccine B.

Current studies using rVE to assess the effectiveness of
primary series plus 2 booster doses versus a primary series
plus 1 booster dose report rVE of 11%-85% against infec-
tion and 54%-87% against hospitalization (Table 2).
However, many studies assessing both infection and
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hospitalization as outcomes report rVE estimates for infec-
tion and hospitalization within 10 points of one another,
whereas aVE estimates for these outcomes diverge consider-
ably [7-10]. These metrics underline that rVE cannot be
translated into a precise reduction in risk from a booster
dose or taken as evidence of greater or lesser vaccine effec-
tiveness in one study versus another.

DISCUSSION

This study adds to the body of evidence that a recent first boos-
ter dose of mRNA vaccine for recipients of an mRNA primary
series results in lower risk of COVID-associated hospitalization
(aVE, 81%) compared with the primary series alone (aVE,
46%). An increase in aVE was observed both for patients
aged >65 years (85% vs 48%) and those aged 18-64 years
(76% vs 44%). We also found that the J&] primary series fol-
lowed by any booster resulted in lower risk of hospitalization
(aVE, 62%) compared with the 1-dose J&] primary series alone
(36%). These aVE estimates translated into rVE of 66% for
boosted mRNA primary series recipients (71% among patients
aged >65 years and 60% among those aged 18-64 years, re-
spectively) and 49% for boosted Janssen primary series recip-
ients. A positive rVE was observed for the booster in every
category, although it spanned zero for boosted Janssen vac-
cine recipients. However, a positive rVE does not always re-
sult in a substantial reduction in disease burden, and there
are several factors involved in evaluating the public health
utility of a booster dose. For example, the relatively lower
rVE reported for boosted Janssen primary series recipients
(compared with mRNA primary series recipients) does not
indicate poor effectiveness, rather it reflects a large improve-
ment in effectiveness over the low effectiveness observed for
the primary series alone.

Comparing the findings of the current study to other similar-
ly designed studies highlights some interpretive challenges.
Among 16 studies additional studies, only 4 (25%) reported
aVE; 3 were studies of primary series versus first booster
[7,8,20] and 1 was first versus second booster [21]. The
mRNA rVE reported in the current study (66%) against hospi-
talization (compared with primary series alone) was lower than
in 2 of the 3 studies (83% [7] and 70% [8], respectively) compar-
ing the primary series and the first booster. However, the abso-
lute increase in aVE observed for the first mRNA booster in the
current study (difference: 36) is highest among the 3 studies. In
the other 2 studies, the aVE of the primary series against
hospitalization was already high and the point estimate
change in aVE (differences 6 and 9, respectively) was
small, which is typical of studies conducted before the
Omicron-predominant period. In the third study [20], where
rVE was lower than the current study, the aVE of the primary

series was low and the resulting difference with aVE from the
first booster dose was large (difference, 28). This result was sim-
ilar to the current study and more typical of studies covering
the Omicron-predominant period. Higher rVE reported in sev-
eral studies [7, 8, 10, 22] could also be associated with larger re-
ductions in risk that might be more common in older
populations [7, 10, 22, 23] or could be associated with smaller
reductions in risk typical of studies in locales with near-
universal vaccination or during earlier variant-predominant
periods (eg, Alpha, Delta) with generally higher aVE for the pri-
mary series alone [8, 24]. Two studies that demonstrate large
changes in rVE observed based on time elapsed after a 1st boos-
ter dose (12%-85% during 7-65 days after a first booster dose
in one study [11], 27%-64% during 7-69 days after a second
booster dose in another study [25]) show that follow-up period
can also substantially influence rVE metrics. As studies of sec-
ond boosters of mRNA vaccines proliferate [20, 26-28] and
novel study designs to estimate rVE are introduced [29], it
will be important to consider these details and interpret rVE
with caution.

We have also shown through a simple scenario analysis
that with an equal rVE and baseline disease burden, the actual
reduction in disease burden with the introduction of a new
vaccination regimen can differ substantially. Because rVE is
a measure of incremental effectiveness of the second vaccine
option relative to the first option, its interpretation depends
on the aVE of the first vaccine option (eg, primary series or
first booster). With higher aVE, the residual disease burden
will be lower than a vaccination regimen with a lower aVE.
Consequently, the actual benefits in terms of events averted
by a new vaccination regimen, such as a booster, will be great-
er in populations with lower aVE before the introduction of
the booster. These issues create challenges in the interpreta-
tion of rVE across factors such as different vaccines, popula-
tions, and time periods. Without an unvaccinated control
group against which the effectiveness of each option can be
evaluated, the additional reduction in risk provided by one
option over the other is often unclear. In instances in which
aVE of a booster dose cannot be estimated, studies should
ideally report the aVE of the primary series, which, in combi-
nation with rVE, can be used to estimate the aVE of the boos-
ter. However, this estimate may become less accurate when
the primary series and booster have been evaluated during
different strain-predominant periods. Alternatively, pub-
lished studies can provide data from similarly designed stud-
ies to provide the risk reduction context for the series against
which the newer regimen is being compared. Despite these
difficulties in interpretation, studies may be compelled to
use rVE as the sole measure of effectiveness when there is
no unvaccinated comparison group with which to create an
aVE estimate. However, rVE can also be useful (when
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provided alongside aVE) as a snapshot of additional, incre-
mental effectiveness offered by a new dosing regimen or
product compared with the original option.

The results have some limitations given the complexities of
estimating rVE and aVE. Although booster doses were associ-
ated with better protection against COVID-19 hospitalization
than the primary series, understanding the durability of protec-
tion over time or against emerging SARS-CoV-2 variants will
require ongoing surveillance. Second, although adjustments
were made for calendar time, age, and race/ethnicity, among
other potential confounders, unmeasured or residual con-
founding is possible. A complete case analysis was performed,
and bias may be present based on strong missing data mecha-
nism assumptions. Third, most hospitalized patients had mul-
tiple chronic medical conditions, and the overall VE observed
in this analysis might underestimate protection in healthier
populations. Although chronic conditions have been observed
to reduce effectiveness [30], sample size was insufficient to
differentiate VE by number of conditions. Fourth, the influence
of prior infection on VE is not fully known due to a lack of
definitive prior infection history among hospitalized patients
(eg, inability or refusal to answer) and the likelihood of undercap-
ture [31]; however, a previous sensitivity analysis showed that ef-
fectiveness did not change after removing patients with prior
infection [13]. Fifth, it was not possible to estimate potential wan-
ing of VE due to the time-limited nature of the study, but previous
analyses have shown waning for booster doses with increasing
time since vaccination [6]. Finally, the broader parameters for as-
certaining case status (ie, both molecular and antigen tests) and
vaccination status (ie, including self-reported only, although these
patients accounted for <5% of the total) could potentially overes-
timate totals of cases and vaccinated patients, respectively.

CONCLUSIONS

We found COVID vaccine primary series plus booster contin-
ues to provide substantial protection against COVID-19 hospi-
talization. However, we found that interpretation of the actual
benefits of COVID-19 vaccine booster doses is difficult when
considering rVE alone without the benefit of additional contex-
tual data including aVE of the vaccine regimens being com-
pared. As public health agencies evaluate rVE estimates
across studies, understanding the rVE of booster doses for
COVID-19 vaccines against COVID-19 hospitalization and
its relationship to aVE will be important for assessing the po-
tential for additional booster doses to further reduce risk of se-
vere illness and hospitalization.
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