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Background. Long-term care residents were among the most vulnerable during the COVID-19 pandemic. We estimated
vaccine effectiveness of mRNA COVID-19 vaccines in Medicare nursing home residents aged >65 years during pre-Delta and
high Delta periods.

Methods. We conducted a retrospective cohort study from 13 December 2020 to 20 November 2021 using Medicare claims
data. Exposures included 2 and 3 doses of Pfizer-BioNTech and Moderna COVID-19 vaccines. We used inverse probability
weighting and Cox proportional hazards models to estimate absolute and relative vaccine effectiveness.

Results. Two-dose vaccine effectiveness against COVID-19-related death was 69.8% (95% CI, 65.9%-73.3%) during the pre-
Delta period and 55.7% (49.5%-61.1%) during the high Delta period, without adjusting for time since vaccination. We observed
substantial waning of effectiveness from 65.1% (54.2%-73.5%) within 6 months from second-dose vaccination to 45.2% (30.6%-
56.7%) >6 months after second-dose vaccination in the high Delta period. Three doses provided 88.7% (73.5%-95.2%) vaccine
effectiveness against death, and the incremental benefit of 3 vs 2 doses was 74.6% (40.4%-89.2%) during high Delta. Among
beneficiaries with a prior COVID-19 infection, 3-dose vaccine effectiveness for preventing death was 78.6% (50.0%-90.8%), and
the additional protection of 3 vs 2 doses was 70.0% (30.1%-87.1%) during high Delta. Vaccine effectiveness estimates against
less severe outcomes (eg, infection) were lower.

Conclusions.  This nationwide real-world study demonstrated that mRNA COVID-19 vaccines provided substantial protection
against COVID-19-related death. Two-dose protection waned after 6 months. Third doses during the high Delta period provided

significant additional protection for individuals with or without a prior COVID-19 infection.
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BACKGROUND

As of 19 January 2023, >1 million coronavirus disease 2019
(COVID-19) deaths have been reported in the United States
[1]. People aged >65 years accounted for 75% of all US
COVID-19 deaths [2].

On 11 and 18 December 2020, the US Food and
Drug Administration (FDA) issued emergency use authoriza-
tions (EUAs) for the primary series of BNT162b2
(Pfizer-BioNTech) and mRNA-1273 (Moderna) mRNA
COVID-19 vaccines for the prevention of COVID-19 illness.
On 12 August 2021, the FDA amended the EUA for the
Pfizer-BioNTech and Moderna vaccines to allow for the use
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of an additional dose in certain individuals who were immuno-
compromised. The EUAs were extended in the fall of 2021 to
allow for booster doses for people aged >65 years (22
September and 20 October 2021 for the Pfizer-BioNTech and
Moderna vaccines, respectively). On 29 March 2022, the FDA
amended the EUA to allow for a second booster dose of
the Pfizer-BioNTech and Moderna vaccines for people aged
>50 years or certain individuals who were immunocompro-
mised. A bivalent booster (original, Omicron BA.4/BA.5) was
authorized on 31 August 2022 for the Pfizer-BioNTech
and Moderna vaccines. On 11 September 2023, the FDA ap-
proved a monovalent vaccine (2023-2024 formula) for
Pfizer-BioNTech and Moderna regardless of prior vaccination
status. Nursing home (NH) residents were an extremely vul-
nerable population during the COVID-19 pandemic [3-8].
We used Medicare claims data to (1) assess 2- and 3-dose vac-
cine effectiveness (VE) against COVID-19-related outcomes,
(2) determine how VE changed for periods with different levels
of COVID-19 circulation, (3) compare VE during pre-Delta
and high Delta variant circulation periods, (4) calculate brand-
specific VE of the Pfizer-BioNTech and Moderna vaccines, and
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(5) investigate waning effectiveness due to time since second-
dose vaccination during the high Delta period among NH long-

term care residents.

METHODS

We used a retrospective cohort design to study absolute and rel-
ative VE of mRNA COVID-19 vaccines among the elderly
(aged >65 years) Medicare Fee-for-Service population residing
in NHs from 13 December 2020 to 20 November 2021. The anal-
ysis used a marginal structural model allowing residents to move
from an unvaccinated cohort to 1-, 2-, and 3-dose cohorts. We
used a Cox proportional hazards model to estimate VE.

Data Sources

We obtained demographic and enrollment information from
the Centers for Medicare and Medicaid Services (CMS), and
we derived information on medical conditions and services
from Medicare Part A and B claims in Shared Systems Data.
We derived NH resident and facility information from the
Minimum Data Set and Nursing Home Compare. We used
the Centers for Disease Control and Prevention’s COVID
Data Tracker to determine COVID-19 variant circulation,
and we used the American Community Survey to derive popu-
lation density and area deprivation index [9, 10].

Study Population and Inclusion Criteria
The study population consisted of Medicare beneficiaries aged >65
years who resided in an NH for >100 days and met the specific in-
clusion and exclusion criteria (supplementary material) [11, 12].
To minimize the impact of potential exposure misclassifica-
tion due to underreporting of COVID-19 vaccinations in
claims, we excluded residents from NHs with <10% of resi-
dents vaccinated with at least 1 dose on or before 1 March 2021.

Index, Follow-up, and Exposure

Index dates were assigned on an NH level and represented the
first vaccination date within an NH. We followed residents un-
til the occurrence of an outcome, a censoring event, or the end
of the study period (20 November 2021), whichever occurred
first. Censoring events were vaccination with a non-mRNA
COVID-19 vaccine, receipt of multiple vaccine brands, a third
dose before the EUA, a fourth dose, dose spacing that did not
meet recommendations, loss of Medicare Part A/B coverage
or enrollment into Part C, discharge from an NH to the com-
munity, or death. For residents with an ongoing COVID-19 ep-
isode on the index date, follow-up started after the end of the
episode.

We divided follow-up time into time-varying exposure co-
horts, so residents could contribute time to the unvaccinated
and 1-, 2-, and 3-dose cohorts. Residents moved to each subse-
quent cohort 14 days after vaccination to allow time for an im-
mune response. We identified vaccinations using Healthcare

Common Procedure Coding System codes, Current Procedural
Terminology codes, and National Drug Codes in any care set-
ting (Supplementary Table 1). Due to the very limited 1-dose
follow-up time, findings for the 1-dose vaccinated cohorts
were believed to be less reliable and informative and are not re-
ported in this article.

COVID-19 Episode and Outcome Definitions

COVID-19 episodes must be observed with the COVID-19 di-
agnosis code U07.1. Because implementation of this code start-
ed on 1 April 2020, we identified COVID-19 episodes from that
date onward. The COVID-19 episode definition is described in
the supplementary material.

The primary outcomes of interest were COVID-19-related
death, COVID-19-related hospitalization, and the composite
outcome of COVID-19-related death/hospitalization. Because
our previous studies showed that a large proportion of NH res-
idents with severe illness were not being admitted to a hospital,
we used COVID-19-related death as the main severe illness
marker [3]. Secondary outcomes were medically attended
COVID-19 COVID-19-related hospitalization
complications (intensive/coronary care unit or in-hospital
mortality), COVID-19 pneumonia, and COVID-19 acute
respiratory failure. Hospital complications were identified by

infection,

revenue center codes, and all other outcomes were defined
through ICD-10-CM diagnosis codes. Outcomes had to be
observed with the COVID-19 diagnosis code U07.1 after
follow-up began. Definitions and codes for all outcomes are
in the supplementary material.

Covariates

We adjusted for factors potentially associated with an increased
risk for severe COVID-19 outcomes, using clinical consultation
and prior assessments of risk factors for covariate selection [4].
Individual-level characteristics were demographics, socioeco-
nomic status (Medicare-Medicaid dual eligibility), health status
(eg, prior COVID-19 status, medical conditions, frailty condi-
tions), influenza vaccination, and mortality risk score [13-15].
We assessed medical conditions in the 6 months prior to the in-
dex date, except for prior COVID-19 status for which we used
data from 1 April 2020. We controlled for multiple variables re-
lated to frailty conditions using methods described in articles
by Segal et al [14, 15]. We also controlled for NH characteristics
because our previous COVID-19 natural history study showed
that they were strong predictors of COVID-19 risk (supple-
mentary material) [4]. To adjust for local COVID-19 circula-
tion and address outcome misclassification during lower
circulation periods, we included measures of census tract-level
COVID-19 circulation and Delta variant share as time-varying
risk factors. We spatially smoothed circulation rates monthly at
the census tract level and modeled Delta share with cubic
splines using weekly data points at the US Department of
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Health and Human Services region level (supplementary mate-
rial) [16]. We also adjusted for socioeconomic status at the geo-
graphic level using the area deprivation index. We evaluated
covariate balance between vaccinated and unvaccinated co-
horts weekly using standardized mean differences. Covariates
are listed in the supplementary material.

Statistical Analysis

We used marginal structural Cox regression models to estimate
hazard ratios (HRs) for COVID-19 outcomes in the vaccinated
cohorts as compared with the unvaccinated cohort [17, 18]. At
every 7 days, the marginal structural models assigned weights
to observations via inverse probability of treatment weighting,
creating a weighted pseudo-population that balanced covari-
ates across the 4 cohorts (Table 1). We used 3 time-varying
treatment weights (1-, 2-, and 3-dose weights) and 1 time-
varying censoring weight to calculate the overall weight. To
construct weights, we derived 4 sets of propensity scores
from pooled multinomial logistic regression models with either
vaccination status (for the 3 treatment models) or censor status
(for the censoring model) as the dependent variable and all co-
variates as independent variables (covariates listed in the sup-
plementary material). We used a Cox proportional hazards
model on the weighted data to estimate HRs between cohorts
(2-dose vs unvaccinated, 3-dose vs unvaccinated). We calculat-
ed VE as a percentage: 100 X (1 — HR). We also applied doubly
robust estimation including all weighting-model covariates in
the outcome model; doubly robust results are reported in the
Results section [19]. Non-doubly robust VE estimates are in
the supplementary material.

We used a model selection process with 4 outcome models
to determine VE. The base model included vaccine exposure
status, Delta variant as a share of circulating COVID-19 vari-
ants, and COVID-19 circulation (model 1). Models 2 and
3 included Delta share and COVID-19 circulation, respectively,
interacted with exposure status. Model 4 included Delta share
and COVID-19 circulation interactions. Decisions regarding
interaction terms and the number of knots for Delta share
splines were informed with the Akaike information criterion
[20].

We assessed brand-specific VE using a similar framework to
the primary analysis, but the exposure variable indicated num-
ber of doses and vaccine brand. Due to low uptake of third dos-
es of Moderna in our study, we estimated only 2-dose VE for
the brand-specific analysis.

We conducted a post hoc waning effectiveness analysis dur-
ing high Delta circulation (>95% Delta) with 2 “time since
second-dose” categories (<6 or >6 months).

Sensitivity Analyses and Quantitative Bias Analysis
We performed several sensitivity analyses and a quantitative
bias analysis (QBA) to test the robustness of results and

evaluate bias due to exposure misclassification (underreporting
of vaccination status). The sensitivity analyses implemented al-
ternate exclusion criteria, incident COVID-19 definitions, and
weight truncation methods. The QBA defined low and high ex-
posure misclassification estimates and adjusted VE accordingly
(supplementary material).

We conducted all VE analyses using R version 4.1.2 (R
Foundation for Statistical Computing) and SAS version 9.4
(SAS Institute Inc).

RESULTS

Among 1006 664 Medicare NH residents, there were 348 310
study-eligible residents living in 12 111 NHs (Supplementary
Figure 1). Of them, 77% were vaccinated with 2 doses of an
mRNA COVID-19 vaccine by the end of March 2021
(Supplementary Figure 2). By 20 November 2021, 61% were
in the 2-dose cohort, 21% in the 3-dose cohort, and 14% in
the unvaccinated cohort. While we observed imbalances
among cohorts preweighting, most covariates were well ba-
lanced postweighting (Table 1, Supplementary Figure 3). We
addressed residual imbalance by reporting doubly robust esti-
mates. Outcome rates are reported in Table 2 and
Supplementary Table 2.

The best-fitting hazard model for the COVID-19-related
death outcome interacted the Delta share and COVID-19 cir-
culation rate with the exposure status. Selected hazard models
for all study outcomes are in Supplementary Table 3. We re-
ported estimates in the pre-Delta period (0% Delta circulation)
and the high Delta period (99% Delta circulation). To improve
the positive predictive value of the outcome definition, we pre-
high COVID-19
(Supplementary Figure 4).

In the pre-Delta and high Delta periods, 2-dose VE
against COVID-19-related death was 69.8% (95% CI,
65.9%-73.3%) and 55.7% (95% CI, 49.5%-61.1%), respec-
tively (Table 2, Figure 1). In the high Delta period,
3-dose VE against death was 88.7% (95% CI, 73.5%-
95.2%), and the additional protection of 3 vs 2 doses was
74.6% (95% CI, 40.4%-89.2%; Table 2). Two- and 3-dose
VE for death was higher during periods of high-level

sented results for circulation rates

COVID-19 circulation. VE against less severe outcomes
(eg, medically attended infection) was lower across all
periods and more reduced in the high Delta period than
more severe outcomes (eg, death and hospitalization com-
plications;  Supplementary Table 2, Supplementary
Figure 5).

Among those with a prior COVID-19 infection, 2-dose VE
for preventing COVID-19-related death was 48.4% (95% CI,
40.9%-55.0%) in the pre-Delta period and 28.6% (95% CI,
18.6%-37.4%) during high Delta. Three-dose VE for prevent-

ing death among this group was 78.6% (95% CI, 50.0%-
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Table 1. Cohort Demographic Distribution of Eligible Beneficiaries for the COVID-19-Related Death Outcome at Study End

Cohort at Study End, % or Mean (SD) max SMD?
Covariate Evaluated at Baseline Unvaccinated (n = 32 890) 2-Dose (n = 143 145) 3-Dose (n =49239) Unweighted Weighted
Sex
Female 68.4 69.8 71.4 0.09 0.05
Male 31.6 30.2 28.6 0.09 0.05
Age, y
65-69 14.1 121 9.9 0.13 0.06
70-74 16.8 14.9 12.8 0.11 0.05
75-79 16.6 15.6 14.3 0.06 0.04
80-84 16.9 171 16.9 0.01 0.00
85-89 16.3 17.8 19.3 0.08 0.03
90-94 12.2 14.6 17.2 0.14 0.06
>95 7.0 7.9 9.6 0.10 0.07
Race
American Indian/Alaskan Native 0.5 0.5 0.4 0.03 0.01
Asian 1.4 1.4 1.5 0.06 0.03
Black 18.9 12.8 9.7 0.27 0.07
Hispanic 2.0 1.6 1.7 0.06 0.04
White 75.5 82.3 85.3 0.25 0.09
Other/unknown race 1.7 1.5 1.5 0.02 0.02
Medicare-Medicaid dual eligibility
Dual 88.2 85.3 79.8 0.23 0.15
Nondual 11.8 14.7 20.2 0.23 0.15
Reason for entering Medicare
Aged in without ESRD 70.2 72.3 75.7 0.12 0.07
Disabled without ESRD 29.5 27.4 24.0 0.12 0.07
ESRD only 0.4 0.3 0.3 0.04 0.02
Tract-level population density® 10.1 (2.9) 9.8 (2.7) 9.9 (2.8) 0.14 0.19
COVID-19 circulation (4-wk rate)® 9.5(0.8) 9.5(0.8) 9.6 (0.8) 0.14 0.14
Prior vaccination
Influenza 32.8 50.0 57.0 0.50 0.18
Presence of medical condition
Diabetes 425 42.6 40.6 0.09 0.06
Obesity 29.6 31.6 30.9 0.04 0.03
Chronic liver disease 2.1 2.1 1.8 0.03 0.03
Neurologic/neurodevelopmental 23.7 23.3 21.4 0.06 0.05
Immunocompromised 4.1 8% 3.7 0.07 0.03
ESRD 1.4 1.2 1.4 0.07 0.02
Essential HTN
Without complicated HTN or other CVD 33.6 33.5 34.4 0.05 0.04
With complicated HTN or other CVD 45.5 471 45.6 0.07 0.06
Cardiovascular disease
Hospitalized stroke/TIA 0.6 0.6 0.5 0.01 0.02
Coronary revascularization 0.1 0.1 0.1 0.01 0.01
Atrial fibrillation 20.1 22.2 22.7 0.06 0.02
Congestive heart failure 25.2 26.4 25.8 0.03 0.02
Hospitalized AMI 0.4 0.4 0.4 0.02 0.03
Other cerebrovascular disease 20.4 20.0 18.2 0.09 0.06
Respiratory disease
COPD 23.2 23.3 211 0.07 0.05
Asthma without COPD 1.9 2.0 2.1 0.03 0.02
Interstitial lung disease 1.2 1.3 1.3 0.01 0.01
Hypersensitivity pneumonitis 0.1 0.1 0.1 0.01 0.01
Bronchiectasis 0.2 0.3 0.3 0.01 0.01
COVID-19 prior diagnosis 52.5 49.1 46.0 0.13 0.62
Frailty condition
Depression 56.9 59.0 57.5 0.04 0.08
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Table 1. Continued

Cohort at Study End, % or Mean (SD) max SMD?
Covariate Evaluated at Baseline Unvaccinated (n = 32 890) 2-Dose (n = 143 145) 3-Dose (n =49239) Unweighted Weighted
Parkinson disease 7.6 8.0 8.3 0.03 0.01
Arthritis 32.5 35.0 35.6 0.06 0.02
Cognitive impairment 71.3 72.5 70.8 0.04 0.03
Paranoia 22.8 19.2 171 0.14 0.07
Chronic skin ulcer 16.0 14.1 14.0 0.06 0.06
Skin and soft tissue infection 11.6 10.8 1.2 0.04 0.04
Mycoses 50.9 50.7 55.0 0.08 0.08
Gout 3.9 4.1 4.1 0.01 0.01
Falls 22.8 26.1 271 0.10 0.06
Musculoskeletal problems 52.1 65.5 57.1 0.10 0.04
Urinary tract infection 28.6 295 28.4 0.02 0.03
Pneumonia 15.1 14.3 12.9 0.07 0.11
Charlson score >0 95.3 96.3 96.2 0.05 0.04
Hospital admission in past 6 mo 18.5 17.4 15.9 0.09 0.06
ADL score
0-7 15.5 14.7 14.6 0.03 0.04
8-14 17.9 18.6 18.4 0.02 0.02
15-21 47.4 49.7 50.8 0.07 0.01
22-28 19.3 16.9 16.2 0.08 0.04
MRS3
0 38.4 36.7 37.3 0.03 0.01
1-4 43.9 46.0 46.8 0.06 0.02
5-7 13.8 14.0 12.9 0.03 0.02
8 3.9 3.3 3.0 0.05 0.03
Nursing home ownership
For profit 73.6 70.0 61.4 0.26 0.18
Nonprofit 18.3 21.0 30.5 0.29 0.14
State-owned veterans’ home 1.6 1.5 1.9 0.04 0.04
Other government-owned facilities 6.6 7.5 6.2 0.05 0.11
Nursing home measures
Health inspection b-star rating
1 star 241 20.2 15.5 0.22 0.13
2 stars 25.9 25.3 222 0.10 0.03
3 stars 21.6 23.4 23.5 0.05 0.02
4 stars 20.3 22.3 271 0.16 0.09
b stars 7.5 8.3 11.4 0.14 0.12
Quiality measure 5-star rating
1 star 6.1 5.7 4.4 0.08 0.05
2 stars 15.5 14.5 11.8 0.1 0.09
3 stars 22.3 21.3 17.8 0.1 0.04
4 stars 24.8 25.3 25.9 0.02 0.01
5 stars 30.7 32.7 39.7 0.19 0.10
Nurse aid staffing per resident, h/d 2.3 (0.6) 2.4 (0.6) 2.4 (0.6) 0.17 0.12
Licensed practical nurse staffing, h/d 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) 0.08 0.03
Registered nurse staffing, h/d 0.6 (0.4) 0.7 (0.4) 0.8 (0.4) 0.29 0.14
No. of residents per day 107.0 (66.2) 99.6 (60.6) 109.8 (80.7) 0.14 0.13

Abbreviations: ADL, activities of daily living; AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; ESRD, end-stage renal disease; h/d,
hours per day; HTN, hypertension; MRS3, Mortality Risk Score; SMD, standardized mean difference; TIA, transient ischemic attack.

#max SMD values >0.10 indicate that the groups are imbalanced on the specified covariates. SMDs are pairwise comparisons conducted between cohorts. Only the max SMD is displayed
here.

“These two covariates used the continuous log base 2 function.

90.8%), and the additional protection of 3 vs 2 doses was 70.0% For the waning effectiveness analysis during the high Delta
(95% CI, 30.1%-87.1%) during high Delta. Results of additional =~ period, the 2-dose VE against COVID-19-related death was
subgroup analyses are displayed in Table 2. 65.1% (95% CI, 54.2%-73.5%) within 6 months following the
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Table 2. Primary and Subgroup Absolute and Relative VE: Primary Outcomes at COVID-19 Circulation Rate of 5000 Infections per 100 000 Persons

Vaccine Effectiveness, %

Outcome Rate® Pre-Delta High Delta
Outcome: Cohort No. of Outcomes Person TimeP® Rate 95% ClI VE 95% ClI VE 95% ClI
COVID-19-related death
Overall
Unvaccinated 3483 24.8 140.2 135.6-144.9
2-dose 4179 82.4 50.7 49.2-52.3 69.8 65.9-73.3 55.7 49.5-61.1
3-dose 72 1.5 47.4 36.5-58.4 88.7 73.5-95.2
3- vs 2-dose 74.6 40.4-89.2
Had prior COVID-19
Unvaccinated 728 10.6 68.6 63.6-73.5
2-dose 1776 37.3 47.7 45.4-49.9 48.4 40.9-55.0 28.6 18.6-37.4
3-dose 33 0.7 47.9 31.6-64.3 78.6 50.0-90.8
3- vs 2-dose 70.0 30.1-87.1
Did not have prior COVID-19
Unvaccinated 2755 14.2 193.8 186.5-201.0 .
2-dose 2403 45.1 2183 51.2-55.4 76.2 72.8-79.1 67.0 62.0-71.4
3-dose 39 0.8 47.0 32.3-61.8 92.2 80.3-96.9
3- vs 2-dose 76.3 40.3-90.6
Age: 65-74 y
Unvaccinated 587 7.2 81.4 74.8-87.9 .
2-dose 727 20.4 35.6 33.0-38.2 64.5 58.8-69.5 47.9 39.1-55.4
3-dose — — — — 91.6 74.2-97.3
Age: 75-84 y
Unvaccinated 1083 8.2 132.6 124.7-140.5 .
2-dose 1183 26.2 45.2 42.6-47.8 711 66.8-74.8 57.5 50.9-63.2
3-dose — — — — 88.2 69.0-95.5
Age: >85y
Unvaccinated 1813 9.5 191.8 183.0-200.6 .
2-dose 2269 35.7 63.5 60.9-66.1 70.9 66.8-74.5 57.2 50.9-62.7
3-dose — — — — 88.5 73.3-95.0
COVID-19-related hospitalization®
Overall
Unvaccinated 3360 24.6 136.8 132.1-141.4 .
2-dose 2215 81.8 271 25.9-28.2 65.3 60.6-69.4 40.4 33.8-46.2
3-dose 22 1.5 14.6 8.5-20.7 76.8 63.2-85.4
3- vs 2-dose 61.1 38.6-75.4
Had prior COVID-19
Unvaccinated 435 10.6 41.2 37.3-45.0 .
2-dose 536 37.2 14.4 13.2-15.6 58.1 49.7-65.0 28.9 18.4-38.0
3-dose — — — — 63.3 12.6-84.6
3- vs 2-dose 48.3 —22.7-78.2
Did not have prior COVID-19
Unvaccinated 2925 14.0 209.0 201.4-216.5
2-dose 1679 44.7 37.6 35.8-39.4 66.7 62.3-70.6 43.6 36.9-49.6
3-dose — — — — 79.8 65.4-88.2
3- vs 2-dose 64.2 38.9-79.0
Age: 65-74 y
Unvaccinated 945 7.1 132.7 124.2-141.2
2-dose 648 20.3 32.0 29.5-34.4 61.3 54.8-66.8 33.3 24.0-41.6
3-dose — — — — 78.5 36.8-92.7
Age: 75-84 y
Unvaccinated 1205 8.1 149.4 140.9-157.8
2-dose 770 26.0 29.6 27.5-31.7 66.6 61.4-71.0 42.4 34.7-49.3
3-dose — — — — 64.0 32.4-80.9
Age: >85y
Unvaccinated 1210 9.4 129.0 121.7-136.3
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Table 2. Continued

Vaccine Effectiveness, %

Outcome Rate® Pre-Delta High Delta
Outcome: Cohort No. of Outcomes Person TimeP® Rate 95% ClI VE 95% ClI VE 95% ClI
2-dose 797 35.6 22.4 20.8-24.0 66.9 61.9-71.3 43.1 35.5-49.8
3-dose — — — — 86.8 71.5-93.8
COVID-19-related death or hospitalization
Overall
Unvaccinated 5548 24.6 225.8 219.9-231.8
2-dose 5436 81.8 66.4 64.7-68.2 66.8 63.1-70.2 52.7 47.2-57.7
3-dose 82 1.5 54.4 42.7-66.2 83.7 66.7-92.0
3- vs 2-dose 65.4 29.6-83.1
Had prior COVID-19
Unvaccinated 1021 10.6 96.6 90.7-102.5
2-dose 2144 37.2 57.7 55.2-60.1 47.6 40.8-53.5 28.8 20.4-36.4
3-dose 34 0.7 49.6 32.9-66.2 70.6 40.9-85.4
3- vs 2-dose 58.7 17.0-79.5
Did not have prior COVID-19
Unvaccinated 4527 14.0 3234 314.0-332.8
2-dose 3292 44.7 73.7 71.2-76.2 72.5 69.2-75.4 62.7 57.9-66.9
3-dose 48 0.8 58.5 42.0-75.1 87.8 73.5-94.4
3- vs 2-dose 67.4 28.9-85.1
Age: 65-74 y
Unvaccinated 1248 7.1 175.2 165.5-185.0
2-dose 1156 20.3 57.0 53.7-60.3 64.0 59.2-68.2 48.7 41.7-54.8
3-dose — — — — 88.7 69.2-95.9
Age: 75-84 y
Unvaccinated 1837 8.1 227.7 217.3-238.1
2-dose 1650 26.0 63.5 60.4-66.5 68.5 64.5-72.0 55.0 49.2-60.2
3-dose — — — — 80.8 58.0-91.2
Age: >85y
Unvaccinated 2463 9.4 262.6 252.2-273.0
2-dose 2630 35.6 73.9 71.1-76.8 67.0 62.9-70.6 53.0 47.0-568.2
3-dose — — — — 83.8 66.8-92.1
Circulation rate is over a 28-day period. Dashes (—) indicate outcome counts <10, and associated statistics are masked to protect the anonymity of the data.

Abbreviation: VE, vaccine effectiveness.
#Per 100 000 person-weeks.
2100 000 person-weeks.

°Based on model selection with the Akaike information criterion, the best-fitting model for the hospitalization outcome did not include a COVID-19 circulation term. Thus, VE for the

hospitalization outcome is the same across all COVID-19 circulation rates.

second dose. After 6 months, the 2-dose VE fell to 45.2% (95%
CI, 30.6%-56.7%). All 3-dose follow-up time was <3 months in
the study, and the 3-dose VE against death was high regardless
of time since prior vaccination: the 3-dose VE was 94.1% (95%
CI, 85.8%-97.5%) at <6 months following the second dose and
90.7% (95% ClI, 78.0%-96.1%) at >6 months following the sec-
ond dose (Figure 2, Supplementary Table 4).

Brand-specific VE analyses showed higher VE point esti-
mates for 2-dose Moderna when compared with 2-dose
Pfizer-BioNTech for all outcomes during pre-Delta, although
95% Cls overlapped substantially. During high Delta, VE esti-
mates were significantly higher for 2-dose Moderna than
2-dose Pfizer-BioNTech for all (Figure 3,
Supplementary Table 5). Moderna VE additionally appeared

outcomes

more stable across variant periods vs Pfizer-BioNTech.
Moderna 2-dose VE against COVID-19-related death was
75.2% (95% CI, 67.9%-80.8%) during the pre-Delta period
and 69.2% (95% CI, 61.6%-75.2%) during the high Delta peri-
od. Pfizer-BioNTech 2-dose VE against death was 67.9% (95%
CI, 63.5%-71.9%) during the pre-Delta period and decreased to
49.1% (95% CI, 41.4%-55.7%) in the Delta period.

VE results for the composite COVID-19-related death/
hospitalization outcome and all secondary outcomes followed
similar trends as death and hospitalization (Table 2;
Supplementary Figure 7; Supplementary Tables 2, 5, and 6).
The VE and brand-specific VE analyses exhibited mild sensitiv-
ity to the inclusion of covariates in the outcome model
(Supplementary Table 7). The QBA-adjusted 2-dose VEs based
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Figure 2. Absolute 2- and 3-dose vaccine effectiveness for COVID-19-related death by time since second dose at COVID-19 circulation rate of 5000 infections per 100 000
persons during high Delta period. Circulation rate is over a 28-day period. Error bars indicate 95% Cl.

on the low estimate of exposure misclassification were largely
contained within the originally estimated 95% CIs. The high es-
timate of exposure misclassification for the 2-dose VE consis-
tently increased VE outside of the originally reported Cls.
The 3-dose VE was not substantially affected by exposure mis-
classification according to the QBA (Supplementary Table 8).
Analyses were otherwise insensitive to changes in specifications
(Supplementary Tables 9-13).

DISCUSSION

This nationwide large cohort study showed that among 348 310
study-eligible long-term care NH residents aged >65 years, 2

doses of an mRNA COVID-19 vaccine provided significant
protection against severe COVID-19 outcomes, particularly
COVID-19-related death. The addition of a third dose substan-
tially increased VE, often higher than the original 2-dose VE es-
timate. Moreover, we found that vaccination provided an
additional benefit of preventing death among individuals who
had survived a prior COVID-19 infection, which highlights
the benefit of vaccination regardless of prior infection.

We showed lower 2-dose VE during the high Delta period
than the pre-Delta period, without accounting for a potential
differential effect of time since vaccination during the 2 peri-
ods, and the results are consistent with other studies reporting
VE across variant periods [5, 21-23]. However, protection
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Figure 3. Brand-specific absolute 2-dose vaccine effectiveness for COVID-19-related death by Delta share and COVID-19 circulation rate. Circulation rate is over a 28-day

period. Error bars indicate 95% Cl.

against death remained relatively high in the high Delta period,
as observed in other studies [24, 25].

The observed lower VE during the high Delta period vs the
pre-Delta period is a mixed effect of time since vaccination
and differential protection against a new strain. Because most
NH residents were fully vaccinated with COVID-19 vaccines
during a short time frame early in the study period and the
high Delta period occurred later in the study, it is difficult to
distinguish between the effects of the Delta variant and the ef-
fects of waning immunity in the same model. While there is ev-
idence suggesting that VE decreases over time, very few studies
are able to isolate the effect of variant periods vs time since
vaccination [5, 21-23, 26]. One study was able to identify
negative impacts on immunity from variant strain and time
since second-dose vaccination, suggesting that both factors
contribute to the decrease in VE across time [25]. A study
conducted on a smaller population demonstrated that VE
of Pfizer-BioNTech was high in the first month following vac-
cination in any variant period but decreased rapidly in the
following months [27].

We conducted a post hoc waning effectiveness analysis dur-
ing only the high Delta period to investigate the impact of time
since second-dose vaccination. We observed substantial wan-
ing of 2-dose protection against COVID-19-related death after
6 months from a second-dose vaccination, which demonstrates
that time since vaccination accounts for the majority of the de-
crease in VE across time. The finding that VE drops off around
6 months is supported by various studies in the literature
[25, 28, 29].

Consistent with other studies, we found that the VE of
the Moderna vaccine was higher than that of the
Pfizer-BioNTech for all COVID-19-related outcomes during
the high Delta period [30, 31]. While many factors could

contribute to the observed difference between the vaccines,
some studies suggest that this may be due to the longer dose in-
terval between Moderna primary series doses when compared
with Pfizer-BioNTech (28 vs 21 days) or the higher dosage of
the primary series of Moderna (100 pg) as compared with
Pfizer-BioNTech (30 pg) [32, 33].

We found higher VE against COVID-19-related outcomes
during high COVID-19 circulation periods
COVID-19 circulation periods. This finding suggests that
COVID-19 diagnosis codes in claims are more reliable during

than low

periods of high circulation, which may be attributed to higher
positive predictive values (lower false-positive rates). We en-
countered similar concerns in our previous influenza VE stud-
ies [34]. For future claims-based real-world VE studies, we
recommend using only periods of moderate to high disease
circulation.

We made significant efforts to minimize bias in our analysis,
particularly bias from vaccine misclassification. Because
Medicare beneficiaries might have received vaccines outside
the Medicare system (eg, at mass vaccination centers) or be-
cause vaccinators were not always submitting claims, there
are substantial concerns of underreporting COVID-19 vaccina-
tions in medical claims. As a result, the unvaccinated cohort
likely included some vaccinated beneficiaries for whom we
could not observe vaccinations through claims, and the
2-dose cohort likely included some beneficiaries who had re-
ceived 3 doses. To reduce exposure misclassification, we re-
stricted our analysis to the NH population because federal
programs structured the rollout of vaccines among NHs, result-
ing in more reliable vaccine reporting. We additionally exclud-
ed NHs with <10% of residents reportedly vaccinated with at
least 1 dose of a COVID-19 vaccine by 1 March 2021. A cross-
examination of Medicare claims data with public use NH-level
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vaccination rates from the CMS showed that this exclusion cri-
teria effectively excluded many NHs with significant underre-
porting of the primary series vaccines. Furthermore, the QBA
suggested that exposure misclassification had a limited impact
on 2- and 3-dose VE estimates.

Our study has several strengths. First, this nationwide real-
world study was conducted on a large cohort of NH residents,
producing VE estimates among a very vulnerable population.
We used propensity score models to control for individual-,
geographic-, and NH-level characteristics, which our previous
COVID-19 natural history study identified as strong predictors
of COVID-19 risk [4]. We additionally included COVID-19
circulation and Delta variant share exposure interactions in
the hazards model, allowing us to directly observe the effect
that the terms had on VE. In addition, we investigated waning
effectiveness during the high Delta period. Our use of time-
varying cohorts allowed residents to contribute follow-up
time to multiple-dose cohorts, affording greater person time
and statistical power within cohorts. Finally, this study exam-
ined VE estimates against death, including among persons
who survived a prior COVID-19 infection.

Our study has some limitations. The precision of the 3-dose
VE estimate may be limited by low 3-dose person time and low
COVID-19 circulation toward the end of the study period. We
could not investigate 3-dose waning effectiveness because
follow-up time was <3 months for all the beneficiaries.
Further research on the added benefit of the third dose and
waning effectiveness during the Omicron period is necessary.
Our study investigated COVID-19-related outcomes rather
than outcomes due to COVID-19. Because our prior investiga-
tions found that a significant proportion of NH residents who
died had not been hospitalized, we considered that hospitaliza-
tions may not accurately account for disease severity among
NH residents [3]. To address this, we included a combined out-
come of death and hospitalization. While we accounted for sev-
eral facility-level risk factors, we were unable to directly control
for facilities” infection prevention practices, which may affect a
resident’s likelihood to be infected within a facility. We addi-
tionally did not differentiate between third-dose vaccinations
authorized for certain individuals who were immunocompro-
mised and booster vaccinations authorized for the general
population because our investigations have shown that the
third-dose administration codes were applied to a much broad-
er population than the immunocompromised population.
Finally, our study is limited by the lack of laboratory-confirmed
diagnoses in Medicare claims data. As such, some claims-based
diagnoses of COVID-19 may not be true cases.

This study uses real-world data to demonstrate the substan-
tial protection that mRNA vaccines provide against COVID-19
outcomes. We found that while 2-dose protection was lower
during the high Delta circulation period than the pre-Delta pe-
riod, the decreased protection was mostly due to waning

effectiveness, where we found that 2-dose protection waned
substantially >6 months following vaccination in the high
Delta period. Our finding that vaccination provided added pro-
tection to NH residents who had survived a prior COVID-19
infection indicates the additional benefit of vaccination among
those with immunity derived from a prior infection. Our study
additionally provides information to better understand real-
world data for NH residents and improve the design of post-
marketing VE claims-based studies.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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