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ABSTRACT 
Background: Most research on COVID-19 vaccine safety and efficacy has 
focused on working-age adults and disease-specific outcomes, with 
limited evidence concerning impacts on overall mortality in the elderly. 
This clinical-epidemiological study examines all-cause mortality in U.S. 
long-term-care facilities, addressing a critical gap in understanding the 
associations between COVID-19 vaccination and total mortality among 
frail residents. 
 
Methods: We analyzed publicly available facility-level Medicare data from 
15,022 nursing homes, reported weekly to the U.S. Centers for Disease 
Control from May 2022 to June 2023, including residents’ all-cause deaths 
and SARS-CoV-2 test results stratified by vaccination status. We modeled 
mortality relative to COVID-19-positive case counts using mixed Poisson 
regression adjusted for time-invariant and -varying confounders. Lagged 
and reverse-lagged models examined and validated temporal directionality. 
 
Results: All-cause mortality rates rose during weeks with more 
COVID-19-positive residents. Relative to unvaccinated residents, 
mortality elevations persisted for about three weeks in partially vaccinated 
and five weeks in fully vaccinated groups. Asymmetry between 
forward- and reverse-lag models suggested that mortality followed rather 
than preceded infection peaks. 
 
Conclusions: These findings demonstrate time-linked mortality associations 
consistent with patterns seen in other population-level datasets and 
warrant individual-level investigation into potential mechanisms and 
clinical determinants. 
 
Keywords: nursing homes, aged, SARS-CoV-2, vaccine efficacy, all-cause 
mortality. 
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Introduction 
In early 2020, the World Health Organization 
declared COVID-19 a public health emergency of 
international concern1. In response, the United States 
and many other countries launched mass vaccination 
campaigns that prioritized older individuals 
because of their high vulnerability to infectious 
diseases. However, frail older individuals with multiple 
comorbidities—whose immunosenescence often 
results in sub-optimal responses to both infection 
and vaccination—were under-represented in 
registration trials. Consequently, a substantial 
knowledge gap persists regarding real-world 
health outcomes in this group2-4. The present study 
addresses this gap by examining mortality among 
nursing-home residents, a population 
characterized by a high prevalence of age-related 
conditions that predict both impaired resistance to 
SARS-CoV-2 infection and a weakened immune 
response to vaccination5.  
 
The CDC’s National Healthcare Safety Network, in 
partnership with the Centers for Medicare & 
Medicaid Services, maintained a nationwide 
registry that publicly reported weekly COVID-19 
and mortality rates among residents in U.S. nursing 
homes6. Such national surveillance data enable 
monitoring of mortality among older persons. 
While vulnerable to ecologic bias7-9, reduction of 
such bias can be achieved if attention is paid to the 
longitudinal ordering of time-varying confounding 
factors10, an approach that can offer insights when 
individual data remain largely inaccessible.  
 
The concept of evaluating vaccines by their impact 
on all-cause mortality rather than disease-specific 
outcomes is supported by decades of 
population-based research, showing that vaccines 
may exert non-specific effects on overall health, 
beneficial for some live vaccines but potentially 
adverse for certain non-live formulations11. Since 
COVID-19 mRNA vaccines fall into the latter 
category and were not evaluated for their effect on 
total mortality, and since a meta-analysis of phase 
3 trials showed divergent mortality of mRNA (non-
live) versus adenovector (live) vaccines, with a 
relative risk for mRNA at 1.03 (0.63–1.71) vs 0.37 
(0.19–0.70) for adenovector (p = 0.015)12, the 
present study aimed at assessing associations 
between SARS-CoV-2 infection counts and 
all-cause mortality among nursing-home residents 

during the 2022–2023 period, when mRNA 
vaccines accounted for over 98% of all COVID-19 
vaccinations administered nationwide13. In doing 
so, we respond to previously articulated calls for 
system-level surveillance of older populations4, 
using methods suitable for ongoing population 
monitoring. 
 

Methods 
 
DESIGN, SAMPLE AND SETTING 
We performed a longitudinal facility-level analysis 
using publicly available weekly data of 
population-level mortality across more 
than 15,000 U.S. nursing homes. The “Nursing 
Home COVID-19 Public File” is a registry that 
includes data reported by Medicare/Medicaid 
Certified Long Term Care facilities (i.e. nursing 
homes) to the CDC’s National Healthcare Safety 
Network’s Long Term Care Facility COVID-19 
Module titled “Surveillance Reporting Pathways 
and COVID-19 Vaccinations”. Each record 
represents one nursing-home week containing 
incidence and prevalence of several COVID-19-
related and vaccination-related variables, gathered 
from the end of May 2022 through June 2023, a 
period covering the fourth vaccination round, 
which was authorized for older people two months 
before14, and is referred to in the data set as 
“second booster administration”. At that time, 
most vaccinated residents had received ancestral 
(monovalent) or—since September 2022 onward—
bivalent BA.4/BA.5-targeted mRNA formulations, 
while circulating variants were by late 2022 and 
into early 2023 increasingly XBB and recombinant 
Omicron sublineages. As a publicly available data 
file, no ethical approval is required for analysis. 
 
VARIABLES AND MEASUREMENT 
The outcome variable of this study, “weekly all-
cause death counts” (residents dying either in the 
facility or elsewhere), was collected as the weekly 
number of residents who died in the facility or at 
another location as reported by each facility. The 
exposure consisted of weekly counts of residents 
with Polymerase Chain Reaction-confirmed SARS-
CoV-2 infection, stratified by vaccination status 
(fully, partially, unvaccinated). Vaccination status 
was based on the following CDC criteria: 1) those 
who were up-to-date with COVID-19 vaccinations 
were classified as fully vaccinated (i.e. COVID-19-
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positive residents who had received a second 
booster ≥ 14 days after the first booster); 2) those 
individuals not up-to-date with the COVID-19 
vaccination schedule were considered partially 
vaccinated (≤ 13 days after most recent dose); and 
3) those unvaccinated (no doses or < 14 days since 
first dose). 
 

In addition to tracking the weekly percentage of 
residents by vaccination status for descriptive 
analysis, we also recorded the weekly number of 
occupied beds. The following time-varying 
confounders reported on a weekly basis were 
considered: the number of admissions with 
COVID-19 into the nursing home, the percentage 
of completely vaccinated residents, the number of 
personnel with a confirmed positive COVID-19 
test, and staff shortages.  
 

We used county-level socio-demographic and 
geographic variables as time-invariant 
confounders, specifically the county's latitude and 
the percentage of residents identifying as white (a 
proxy for broader socioeconomic characteristics)15. 
We further mitigated potential unmeasured 
confounding through baseline mortality 
adjustment using monthly county death counts 
from 2020 (as a reference year reflecting the pre-
intervention baseline)16.  
 

STATISTICAL ANALYSES 
We fit mixed Poisson regression models for 
facility-week mortality counts as a function of 
vaccination-specific COVID-19 positivity, using 
robust inference. Weekly repeated measures were 
implicitly nested within centers, with random 

intercepts for centers added to account for baseline 
facility heterogeneity. Quadratic terms were included 
if the main effect was statistically significant.  
 

Time-invariant and time-varying confounders were 
balanced by generalized propensity scores and 
their squared term,17 an established alternative to 
inverse probability weighting with similar bias-
reduction performance in longitudinal data.18,19 
Generalized propensity scores values for each 
week were generated from models incorporating 
confounders of concurrent and four preceding 
weeks (including vaccination numbers and 
mortality history).  
 

Lagged associations (1 to 6 weeks) between 
infection and mortality were tested with sequential 
models. We made the models nested, meaning 
that preceding lags were kept when fitting a further 
lag, so that incremental effects could be estimated. 
Equivalent reverse-lag (‘falsification’) models 
evaluated residual confounding by examining 
whether associations persisted when temporal 
order was inverted. 
 

Figure 1 represents a directed acyclic graph that 
guided us in the modeling. This figure illustrates 
potential sources of confounding in the association 
between COVID 19 test positivity (T) and weekly 
mortality (Y). Injection status (I) is indirectly measured 
through its stratified assessment by T; time varying 
and invariant confounders (L) were adjusted for 
explicitly, whereas unmeasured U represents 
potential residual bias. Feedback between T and Y 
was modeled up to 4 weeks apart. 

 

Figure 1: Directed acyclic graph representing model assumptions 
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Technical algorithms with variable construction and 
annotated SAS code are provided in the  appendix 
to allow methodological transparency. Because the 
U.S. nursing‑home dataset previously hosted by 
CMS is no longer publicly accessible, a 
reproducible analytic excerpt of the data is 
archived at the Zenodo research repository. 
 

Results 
 

DESCRIPTIVE STATISTICS  
From June 1st 2022 on, the nursing home file 
contained 15,022 long-term care providers, 
followed-up for a median of 53 weeks (table 1) and 

representing jointly approximately 1.21 million 
residents. Across all weeks, the mean percentage 
of residents reported as vaccinated against 
COVID-19 was 88.2%, and 11.8% were 
unvaccinated. At any given week the mean number 
of residents who tested positive for SARS-CoV-2 
was 0.59 among the partially vaccinated, 0.08 
among the fully vaccinated and 0.10 among the 
unvaccinated. In comparison, the distribution of 
positive tests by vaccination category indicates 
that ≈ 13% of unvaccinated tested positive 
[0.10/(0.10+0.08+0.59)], consistent with the overall 
unvaccinated proportion (11.8%). 

 

Table 1: Sample characteristics U.S. Nursing Homes, May 2022 to June 2023 
 

Variable N Mean (SD) Median (IQR) Range Total 

Number of measurements per nursing home (active 
reporting weeks per facility) 

15,022 51.79 (4.84) 53.00 (1.00) 0-53 793013 

Number of occupied beds 15,022 80.41 (50.07) 73.00 (52.00) 6-1060 / 

Number of total deaths 15,022 17.76 (20.05) 14.00 (23.00) 0-521 281817 

Weekly death rate per 100 occupied beds per facility 15,018 0.48 (0.48) 0.41 (0.60) 0-13.40 / 

Percentage of residents vaccinated/not vaccinated at any time    

- vaccinated 793,013 88.16 (9.78) 90.14 (11.89) 9.80-100 / 

- not vaccinated 793,013 11.79 (9.79) 9.80 (12.06) 0-90.20 / 

Number of positive COVID-19 cases by vaccination status at any time    

- partially vaccinated 793,013 0.59 (2.61) 0 (3.42) 0-136.36 6828 

- fully vaccinated 793,013 0.08 (0.75) 0 (0) 0-33.33 877 

- unvaccinated 793,013 0.10 (0.63) 0 (0) 0-33.33 1253 
 

Notes. SD = standard deviation; IQR = interquartile range. Totals (right column) represent counts aggregated over all nursing homes 
 

MODEL ESTIMATES 
Table 2 shows adjusted model predictions of all-
cause mortality as a function of the number of 
positive COVID-19 tests. When no infections were 
reported, the model intercept indicated a weekly 
mortality rate of 0.27% per 100 residents (about 
one death every 3-4 weeks in a 100-resident-sized 
nursing home). During weeks with COVID-19-positive 
residents, mortality rose by ≈ 2.2% for each 
additional positive case regardless of vaccination 
status, with a slight effect plateauing at higher 
counts as reflected by significant quadratic terms. 

Among  unvaccinated  residents, increased 
mortality was detectable only in the  week  of  
infection  and returned to baseline afterwards.  
Among  partially  vaccinated  residents, elevated 
mortality persisted for three weeks,  and  among  

fully  vaccinated  residents for  five  weeks.  
 

Reverse‑lag (“falsification”) analyses yielded only 
concurrent but no associations between past  
mortality and later  COVID‑19  positivity. Unadjusted 
analyses are added in table 3 for comparison. 
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Table 2: Adjusted forward and reverse prediction of weekly mortality counts by number of positive COVID-19 positive residents, stratified by vaccination status 
 

Adjusted incidence rate 
ratios (95% CI) 

Concurrent Week 2 Week 3 Week 4 Week 5 Week 6 

Forward prediction       
# fully vaccinated 1.0204 (1.0144-1.0264) 1.0218 (1.0165-1.0272) 1.0192 (1.0141-1.0243) 1.0129 (1.0076-1.0182) 1.0071 (1.0016-1.0125) 1.0052 (0.9993-1.0111) 
# partially vaccinated 1.0220 (1.0160-1.0281) 1.0249 (1.0181-1.0317) 1.0088 (1.0029-1.0147) 1.0014 (0.9978-1.0051) 1.0037 (0.9999-1.0076) 0.9993 (0.9957-1.0028) 
# unvaccinated 1.0231 (1.0027-1.0439) 1.0104 (0.9992-1.0217) 1.0078 (0.9961-1.0197) 1.0031 (0.9928-1.0136) 1.0003 (0.9914-1.0093) 0.9989 (0.9896-1.0083) 
# fully vaccinated² 0.9994 (0.9991-0.9997) 0.9995 (0.9992-0.9997) 0.9996 (0.9993-0.9998) 0.9995 (0.9993-0.9998) 1.0000 (0.9997-1.0002) 1.0000 (0.9997-1.0003) 
# partially vaccinated² 0.9997 (0.9994-1.0000) 0.9994 (0.9990-0.9998) 0.9999 (0.9996-1.0002)    
# unvaccinated² 0.9987 (0.9958-1.0016) 0.9998 (0.9989-1.0007)     
N facilities (records) 14463 (644189) 14463 (644189) 14463 (644189) 14463 (644189) 14463 (644189) 14458 (628273) 
Pearson ²/DF (model fit) 0.99 0.99 0.99 0.99 0.99 0.98 

Reverse prediction (validation)  
Notes. Incidence‑rate ratios (IRR) represent the multiplicative change in expected weekly death counts per resident for 

each additional resident testing SARS‑CoV‑2 positive in the same facility. The intercept of these models corresponds to 
a baseline weekly mortality of 0.0027 per occupied bed (= 0.27 per 100 residents). An IRR of 1.02 indicates a 2 % 
increase above baseline. Forward models estimate mortality up to 6 weeks after infection; reverse models test for 

residual confounding by predicting mortality backwards in time. All models include generalized propensity scores (GPS, 
GPS²) and facility random intercepts; only statistically quadratic terms of significant main effects are included. 

Subsequent models incorporated lags cumulatively (e.g., week 4 model contains Weeks 1–4 predictors). 

# fully vaccinated 1.0188 (1.0131-1.0245) 0.9967 (0.9916-1.0019) 
# partially vaccinated 1.0192 (1.0130-1.0255) 0.9938 (0.9876-1.0001) 
# unvaccinated 1.0209 (1.0030-1.0392) 0.9961 (0.9874-1.0049) 
# fully vaccinated² 0.9995 (0.9992-0.9998) 1.0001 (0.9997-1.0002) 
# partially vaccinated² 0.9997 (0.9995-1.0000) 0.9999 (0.9996-1.0002) 
# unvaccinated² 0.9991 (0.9968-1.0014)  
N facilities (records) 14466 (644137) 14466 (644137) 
Pearson ²/DF (model fit) 0.99 0.99 

 

Table 3: Unadjusted forward and reverse prediction of weekly mortality counts by number of positive COVID-19 positive residents, stratified by vaccination status 
 

Unadjusted incidence rate ratios (95% CI) Concurrent Week 2 Week 3 Week 4 Week 5 Week 6 

Forward prediction       
# fully vaccinated 1.0252 (1.0196-1.0307) 1.0318 (1.0267-1.0370) 1.0303 (1.0253-1.0353) 1.0232 (1.0183-1.0281) 1.0098 (1.0050-1.0147) 1.0056 (1.0007-1.0105) 
# partially vaccinated 1.0285 (1.0227-1.0343) 1.0361 (1.0300-1.0423) 1.0263 (1.0205-1.0321) 1.0131 (1.0079-1.0183) 1.0007 (1.0023-1.0118) 1.0003 (0.9970-1.0037) 
# unvaccinated 1.0297 (1.0096-1.0502) 1.0259 (1.0139-1.0381) 1.0118 (0.9958-1.2081) 1.0058 (0.9948-1.0170) 1.0009 (0.9926-1.0092) 1.0007 (0.9920-1.0095) 
# fully vaccinated² 0.9992 (0.9989-0.9995) 0.9991 (0.9988-0.9994) 0.9992 (0.9989-0.9995) 0.9992 (0.9989-0.9995) 0.9999 (0.9996-1.0001) 1.0000 (0.9997-1.0002) 
# partially vaccinated² 0.9994 (0.9991-0.9997) 0.9992 (0.9988-0.9996) 0.9996 (0.9993-0.9999) 0.9997 (0.9995-1.0000) 0.9999 (0.9996-1.0001)  
# unvaccinated² 0.9984 (0.9955-1.0012) 0.9990 (0.9977-1.0002) 1.0002 (0.9981-1.0024)    
N facilities (records) 15017 (775713) 15008 (760696) 14998 (745688) 14984 (730690) 14983 (715703) 14977 (700720) 
Pearson ²/DF (model fit) 1.01 1.01 1.01 1.01 1.01 1.00 

Reverse prediction (validation)   

Note: the baseline weekly mortality is 0.0027 per occupied bed (= 0.27 per 
100 residents) 

 

# fully vaccinated 1.0252 (1.0196-1.0307) 1.0131 (1.0079-1.0183) 1.0023 (0.9971-1.0076) 
# partially vaccinated 1.0285 (1.0227-1.0343) 1.0099 (1.0045-1.0154) 1.0002 (0.9946-1.0059) 
# unvaccinated 1.0297 (1.0096-1.0502) 1.0018 (0.9936-1.0100) 1.0005 (0.9960-1.0141) 
# fully vaccinated² 0.9992 (0.9989-0.9995) 0.9994 (0.9991-0.9997)  
# partially vaccinated² 0.9994 (0.9991-0.9997) 0.9995 (0.9992-0.9998)  
# unvaccinated² 0.9984 (0.9955-1.0012)   
N facilities (records) 15017 (775713) 15008 (760696) 14998 (745688) 
Pearson ²/DF (model fit) 1.01 1.02 1.01 
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Discussion 
In this longitudinal, facility-level analysis of 
approximately 15,000 U.S. nursing homes, we 
observed temporal associations between weeks 
with reported COVID-19 positivity among residents 
and increased all-cause mortality. The facility-level 
mortality rate rose in parallel with incident infections, 
even after adjustment for time-varying confounders 
and baseline mortality differences. Notably, the 
persistence of elevated mortality differed by 
vaccination status, which normalized after 
one week in unvaccinated residents, but remained 
through approximately five weeks post-infection 
among fully vaccinated residents. 
 

Reverse-lag validation showed no substantial 
evidence of remaining confounding influences. 
However, our capacity to control for confounders 
was limited to temporal variation within facilities, 
whereas differences between vaccine-status 
groups could not be fully addressed. For this 
reason, we mapped possible biases likely to 
influence such comparative patterns.  
 

First, facility vaccination campaigns typically 
prioritized more frail and comorbid residents, 
producing an indicator bias whereby those at 
greatest baseline risk of death could be 
overrepresented among fully vaccinated 
categories. Conversely, relatively healthier 
residents who remained unvaccinated or deferred 
additional doses form a positively selected 
reference group, attenuate apparent mortality 
among the unvaccinated20. This bias was described 
for the primary COVID-19 vaccine series, although 
subsided with the boosters21. 
 

Second, a healthy-vaccinee bias is also possible, 
because residents judged too frail or terminal 
could be excluded from vaccination, whereas 
comparatively healthier individuals continued to 
receive booster doses20. If present, as has been 
suspected in some nursing-home studies22, it 
would tend to reduce observed mortality among 
vaccinated residents, thereby diminishing the true 
group contrasts. 
 

Third, classification practices introduced inherent 
timing biases: in the dataset, residents moved from 
“partially” to “fully” vaccinated status only ≥ 14  
days after the last dose, creating a brief 
immortal-time window in which recent recipients 

cannot be coded as vaccinated despite elevated 
short-term vulnerability, thereby lowering mortality 
numbers among vaccinated23. 
 
Fourth, a further source of attenuation is 
measurement error in infection counts, reflected by 
the consistent higher-order (curvilinear) terms in 
our models. The Polymerase Chain Reaction 
protocols had limited positive predictive value, 
particularly under low-prevalence conditions24,25, 
meaning that the practice of mass testing even in 
the absence of overt clinical infections, undoubtedly 
contributed to false positive infections, likely 
diluting true associations to mortality.  
 

Relation to Previous Work 
Evidence from epidemiological studies provides a 
broader context for interpreting our findings. 
Comparisons across nursing-home cohorts, 
population-wide surveillance, and individual-level 
evaluations help situate the mortality patterns 
observed here within the continuum of COVID-19 
vaccine research. 
 
OTHER  NURSING‑HOME AND ELDERLY  COHORT  
STUDIES 
Observational studies in older or institutionalized 
populations have consistently noted that the 
protection conferred by mRNA vaccination wanes 
rapidly—within weeks in many analyses—and that 
this decline is most pronounced among residents 
of long-term-care facilities26,27. Other studies not 
only report declining but negative effectiveness. In 
the United Kingdom, a nursing-home study using 
a machine-learning-based causal-inference framework 
on a dataset comparable to ours, reported that 
higher vaccination coverage was accompanied by 
elevations in all-cause mortality28. Similar patterns 
have been documented in meta-analyses and 
national registries showing that, despite high 
vaccine uptake compared to younger adults, 
those ≥ 80 years old carry greater post-booster risk 
of severe or fatal outcomes29-31. Individual-level 
data from Dutch nursing homes further demonstrated 
recurrent waves of excess mortality among 
residents aged 85–95 years—particularly toward 
the end of 2021—when vaccination coverage was 
near-universal32. Taken together, these reports 
describe mortality trajectories within elderly or 
institutionalized populations that resemble the 
temporal extensions observed in our analysis. 
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POPULATION‑LEVEL AND EXCESS‑ MORTALITY  
ANALYSES 
Population-level surveillance also provides 
complementary evidence to the nursing-home 
data. Across Europe and Asia, 2021–23 
excess-mortality patterns paralleled vaccination 
phases, and showed a lingering population-wide 
vulnerability despite declining vaccination activity 
in 202333. In northern Europe, mortality began 
rising in mid-2021 and remained above expected 
values through spring 202234, with EuroMOMO 
data indicating that the sharpest increases 
occurred among individuals > 80 years35, a pattern 
that is also documented in Germany36,37. Japan 
showed a reversal of its pre-pandemic downward 
mortality trend from 2021 onward, particularly among 
people  over  70  years old38,39. Together, these 
findings portray a  recurring pattern of post-pandemic 
mortality exceeding baseline expectations, aligning 
with the temporal extensions in all-cause mortality 
observed within our long-term-care cohort. 
 

INDIVIDUAL‑LEVEL STUDY DESIGNS AND THEIR 
LIMITATIONS 
To address recognized weaknesses of bias in 
aggregated-level and conventional observational 
analyses, several groups have evaluated vaccine 
effectiveness using individual-level frameworks 
such as target-trial emulations, which extending 
the logic of causal inference beyond what could be 
achieved by pairing vaccinated individuals with 
unvaccinated comparators, all under assumptions 
mimicking randomization40. Target-trial emulations 
in large health-system cohorts of mainly elderly 
individuals have reported absent or steadily 
declining protection estimates with extended 
follow-up, sometimes turning negative for overall 
mortality, while early positive effects often appear 
within days of vaccination before protection is 
supposed to kick in41-44, suggestive of residual 
healthy-vaccinee bias rather than biological 
protection40,45. These considerations illustrate that 
current setups of individual-level designs do not 
necessarily provide the protection against bias 
often assumed. Our aggregated longitudinal 
approach monitoring population-level temporal 
dynamics can help to understand the full spectrum 
of vaccine-related outcomes. 
 

PREVALENCES OF ADVERSE EVENTS IN OLDER 
ADULTS 
Adverse-event surveillance studies and large 
population databases have documented increased 

reporting of serious and moderate clinical events 
following administration of COVID-19 mRNA 
vaccines, particularly among older individuals46,47. 
Across pharmacovigilance systems, signal analyses 
have described higher incidence ratios for 
arrhythmias, thromboembolic phenomena, and 
certain cardiovascular or coagulation disorders 
compared with reference vaccines such as 
influenza formulations. Other cohort and registry 
studies have identified associations with myo-
/pericarditis, myocardial infarction, pulmonary 
embolism, and cerebrovascular events—including 
intracranial hemorrhage and thrombocytopenic 
syndromes—as well as immune-mediated 
conditions such as Guillain–Barré syndrome48-51. 
Autopsy reports have occasionally attributed 
myocarditis-related deaths with vaccination due to 
temporal proximity, though such occurrences 
remain rare in absolute terms52. Collectively, 
published evidence indicates that severe or 
life-threatening outcomes are disproportionately 
represented among adults ≥ 65 years, with the very 
elderly experiencing the greatest rates of 
hospitalization and cardiovascular complications53-58.  
 

Biological plausibility 
Our analysis cannot establish direct biological 
mechanisms; nonetheless, prior research offers 
plausible pathways through which repeated mRNA 
vaccinations and SARS-CoV-2 infection might 
intersect with health outcomes in older adults59. 
Studies have described transient systemic 
inflammation, endothelial activation, and 
thrombotic changes following spike-protein 
exposure or mRNA vaccination, particularly among 
individuals with pre-existing cardiovascular risk 
factors60,61. Independent investigations have 
documented shifts in antibody subclass 
distribution and immune-regulatory signaling that 
may occasionally be associated with autoimmune 
or inflammatory phenomena62,63, observations that 
fit within the well-characterized processes of 
immunosenescence and “inflammaging”, in which 
age-related decline in innate and adaptive 
immunity, chronic low-grade inflammation, and 
multimorbidity heighten susceptibility to vascular 
and metabolic stress3,53,54,64.  
 
In addition, possible non‑specific effects of 
non‑live formulations may influence the immune 
system in ways that extend beyond protection 
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against a target pathogen, sometimes affecting 
overall mortality and susceptibility to unrelated 
diseases11,12. Such observations call for parallel inquiry  
into the biological mechanisms that could generate 
these cross‑systemic outcomes. In line with this 
reasoning, emerging immunologic studies have 
explored how repeated mRNA vaccination and 
breakthrough infection might modulate immune 
pathways. Hybrid immunity — from infection 
preceding vaccination — tends to generate 
broadly neutralizing antibodies, whereas infection 
soon after vaccination can elicit lower-affinity 
immature IgG responses that may transiently 
enhance inflammatory reactions through immune-
escaping variants65,66. Repeated exposure to the 
spike antigen has also been associated with a 
class-switch toward the IgG4 antibodies and 
corresponding modulation of immune 
tolerance61,67. Potential links to autoimmune 
responses have been suggested through adjuvant-
induction or via structural similarity between spike 
peptides and select human proteins hypothesized 
to enable molecular mimicry62,68,69. Finally, several 
in-vitro investigations have reported impeding 
type I interferon signaling following mRNA vaccine 
exposure, an effect that could induce suppression 
of innate immunity70.  
 

While no single mechanism has been 
demonstrated to account for the mortality patterns 
observed here, collectively these findings outline 
biologically plausible avenues through which 
immune modulation might interact with infection 
dynamics and mortality patterns observed in 
institutionalized elderly populations. 
 

Strengths and weaknesses 
The main strength of this study is it analyses 
a comprehensive, nationally representative dataset 
encompassing every Medicare-certified nursing 
home in the United States, allowing for longitudinal 
observation across more than one million residents. 
Applying forward- and reverse-lag validation 
strengthens inference regarding temporal 
directionality and reduces the likelihood that the 
associations observed are artifacts of residual 
confounding. This work responds to previous 
requests for structured vaccine‑safety assessment 
systems for older adults4, using routinely collected 
surveillance in a way that is transparent and 
corresponds to a need for methods that surpass 
mere correlational research71.  

Nevertheless, important limitations merit 
mention. The aggregated, facility-level structure of 
the dataset precludes resident-level control for 
comorbidities, vaccination timing, or prior infection 
history. Potential misclassification of vaccination 
status and delayed updating of facility reports 
could attenuate true differences between strata. It 
needs to be noted that the analytic period, although 
covering the major Omicron waves and the rollout 
of bivalent boosters, did not include subsequent 
formulation updates or the post-XBB period. 
Results may also not fully generalize to privately run 
or non-Medicare-certified facilities that differ in 
staffing ratios, data reporting practices etc. 
 

Conclusion 
In summary, our analysis of national nursing-home 
surveillance data revealed consistent temporal 
associations between COVID-19 positivity and 
all-cause mortality, with the duration of elevated 
mortality graded according to vaccination dosage, 
warranting further individual-level investigation to 
corroborate our findings and if applicable into 
mechanisms and clinical determinants. 
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