
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Articles
Boosters reduce in-hospital mortality in patients with
COVID-19: An observational cohort analysis
Nicholas Mielke,a Steven Johnson,b and Amit Bahl b,*

aOakland University William Beaumont School of Medicine, Royal Oak, MI, USA
bDepartment of Emergency Medicine, Beaumont Hospital, 3601 13 Mile Rd, Royal Oak, MI 48073, USA
The Lancet Regional
Health - Americas
2022;8: 100227
Published online 17
March 2022
https://doi.org/10.1016/j.
lana.2022.100227
Summary
Background Real-world data on the effectiveness of boosters against COVID-19, especially as new variants continue
to emerge, is limited. Our objective was to assess demographic, clinical, and outcome variables of patients requiring
hospitalization for severe SARS-CoV-2 infection comparing fully vaccinated and boosted (FV&B), fully vaccinated
(FV), and unvaccinated (UV) patients.

Methods This multicenter observational cohort analysis compared demographic, clinical, and outcome variables in
FV&B, FV, and UV adults hospitalized for COVID-19. Partially vaccinated (PV) and individuals still hospitalized
beyond the designated follow-up date of February 1, 2022 were excluded. The primary endpoint was in-hospital mor-
tality. Secondary endpoints included characteristics and outcomes in subpopulations of intensive care and geriatric
(age >65) patients.

Findings Between August 12th, 2021 and January 20th, 2022, 8232 patient encounters had a primary diagnosis of
COVID-19 and required inpatient treatment. Of the 8232 encounters requiring hospitalization, 448 (5.8%) were
FV&B, 2257 (29.2%) were FV, and 5023 (65.0%) were UV; 357 PV and 147 still hospitalized were excluded. The
median age of FV&B cohort was 73 (IQR 62, 82) compared to 70 (IQR 59, 80) for FV and 59 (IQR 45, 71) for UV
(0.001). Most patients were female in both the FB&V and UV groups with 51.1% and 51.8%, respectively, while the
FV group had a majority of males (51.3%). The median Elixhauser weighted score was 12 (IQR 3, 22) for FV&B, 10
(IQR 2, 20) for FV, and 9 (IQR 0, 17) for UV groups (p < 0.001). In-hospital mortality was 7.1% in the FV&B, 10.3%
in the FV group, and 12.8% in the UV group (p < 0.001). The FV&B group had lower in-hospital mortality than
both FV and UV groups (p = 0.045 and p = 0.001, respectively). The FV group had lower in-hospital mortality than
the UV group (p = 0.004).

Interpretation Fully vaccinated and boosted patients requiring hospital-level care for breakthrough COVID-19 have
lower in-hospital mortality than fully vaccinated and unvaccinated patients despite being older and higher risk at
baseline. Boosters offer added protection beyond full vaccination in preventing death. As COVID-19 continues to
spread, larger expansive trials are needed to further identify risk factors for severe outcomes among the FV&B
population.
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Introduction
The Coronavirus Disease (COVID-19) pandemic land-
scape has changed dramatically since it began.1 In just
one year, scientists, industry, and governments were able
to develop and distribute safe and effective vaccinations
that offer protection against the SARS-CoV-2 virus.2−4
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However, despite these advances, the death toll has been
substantial, with nearly 1 in 100 Americans over the age
of 65 succumbing to this deadly virus.5 As SARS-CoV-2
infection continues to spread around the globe, one criti-
cal challenge is the continued viral mutation leading to
new and potentially dangerous viral variants that may
decrease the efficacy of current vaccines. Fortunately,
studies on the B.1.351, B.1.1.7 (alpha), and B.1.617.2 (delta)
variants revealed no major decrease in effectiveness with
1
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Research in context

Evidence before this study

We searched PubMed on December 1, 2021 for evi-
dence surrounding breakthrough COVID-19 in vacci-
nated and boosted patients leading to hospital or
emergency care encounters using the search terms
(booster OR booster shot OR third dose) AND (SARS-
CoV-2 OR novel coronavirus OR COVID-19) AND (vacci-
nation OR immunization) AND (hospitalization OR emer-
gency visit) with no language or time restrictions.
Vaccine efficacy has been established by pharmaceuti-
cal trials and has triggered the availability of vaccines
across the globe. However, effectiveness of booster
shots at preventing hospital-based treatment for
COVID-19 in fully immunized patients in a real-world
population is poorly understood with limited prior pub-
lications. Further, it is unclear if boosters offer an advan-
tage over full vaccination for severe outcomes
associated with COVID-19.

Added value of this study

This study is one of the first large, real world investiga-
tions in the United States addressing the impact of
booster shots on in-hospital mortality. We found that
fully vaccinated and boosted individuals were at base-
line older and at higher risk of in-hospital mortality
based on comorbidities compared to fully vaccinated
and unvaccinated individuals. Despite the increased
baseline risk, fully vaccinated and boosted individuals
had a reduced in-hospital mortality compared to fully
vaccinated and unvaccinated groups (p = 0.045 and
p = 0.001, respectively).

Implications of all the available evidence

While vaccination provides a layer of protection against
mortality compared to no vaccination, the booster dose
enhances this defense and confers an additional mortal-
ity benefit.
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the Pfizer-BioNTech vaccine.6,7 However, as new variants
continue to emerge, breakthrough SARS-CoV-2 infec-
tions in vaccinated individuals remain a significant con-
cern. Smaller studies on fully vaccinated healthcare
workers who subsequently developed SARS-CoV-2 infec-
tions demonstrated rates of breakthrough infection
between 0.05% and 11.6%.8−11

Early data from Israel and the United Kingdom also
demonstrated that the effectiveness of the vaccine for
preventing breakthrough infection and severe disease
waned as time from vaccination increased.12,13 In order
to combat this potential for waning immunity, the
United States Food and Drug Administration autho-
rized booster vaccinations in all individuals who com-
pleted the primary vaccination series at least six months
after receiving the Moderna or Pfizer-BioNTech SARS-
CoV-2 vaccine or at least two months after being
vaccinated with the Janssen SARS-CoV-2 vaccine.14,15

To date, there is minimal data regarding the effective-
ness of a booster dose in preventing breakthrough
COVID-19 and progression to severe disease and death,
especially in areas with a high concentration of viral var-
iants. It is our objective to assess shared characteristics
and outcomes of patients requiring hospitalization for
severe SARS-CoV-2 infection comparing fully vacci-
nated and boosted (FV&B), fully vaccinated (FV) and
unvaccinated (UV) patients.
Materials and methods

Study design, setting, and participants
We conducted a multicenter observational cohort analy-
sis evaluating adult patients requiring hospital admis-
sion for COVID-19. We compared demographic,
clinical, and outcomes data among patients who had
completed a SARS-CoV-2 primary vaccination series
and received a booster dose (FV&B), completed primary
vaccination series (FV), and unvaccinated (UV) patients
who required hospitalization for COVID-19 during the
same time period. Patients were identified through
analysis of electronic health records (EHR; Epic Sys-
tems, Verona, WI, USA). This study was conducted at
Beaumont Health, an eight-hospital acute care hospital
system in southeastern Michigan.

Consecutive adult patients greater than or equal to
18 years of age presenting to the ED and requiring hos-
pital admission with a discharge diagnosis indicating
active COVID-19 disease were eligible for inclusion.
Patients who had laboratory-confirmed SARS-CoV-2
infection during a previous hospitalization, pediatrics,
partially vaccinated, and those still admitted at the desig-
nated follow-up date of February 1, 2022 were excluded.
The study was approved by the home organization’s
Institutional Review Board. The written informed con-
sent requirement was waived due to the retrospective
nature of the study.
Study definitions
Patients were categorized as FV&B, FV, or UV. Current
Centers for Disease Control and Prevention (CDC)
guidelines were used for classification.16 FV&B individ-
uals had received either three doses of an mRNA vac-
cine (Pfizer, Moderna), one dose of a viral vector vaccine
(Janssen) and one dose of the mRNA, one dose of a viral
vector vaccine and two doses of the mRNA, or two doses
of a viral vector vaccine. FV individuals had received
either two doses of an mRNA vaccine (Pfizer, Moderna)
or one dose of viral vector (Janssen).

UV individuals had no record of immunization
against SARS-CoV-2 available in our EHR or within the
Michigan Care Improvement Registry (MCIR), which
tracks all vaccinations from any source across the state
www.thelancet.com Vol 8 Month April, 2022
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of Michigan.17 All individuals who received the correct
number and combination of doses were included in the
analysis irrespective of the timeline of dose administra-
tion. In-hospital mortality included death during the
hospital stay as well as death within ten days of being
discharged to hospice.
Data sources/measurement
All data were extracted from the EHR. This data
included demographic, clinical, laboratory, and out-
comes variables. Additionally, data included comorbid-
ities, number of ED visits in the past six months, and
body mass index (BMI) was extracted from the EHR
after our cohort was identified. Comorbidities were
assessed using the Agency for Healthcare Research and
Quality (AHRQ) Elixhauser Comorbidity Index18

(Appendix A). Specific to the FV&B group, we extracted
initial ED vital signs and laboratory values. A manual
chart review was performed to identify the time from
symptom onset to ED presentation for FV&B individu-
als that received ICU level of care or expired. For all
cohorts, we evaluated hospital treatment and outcomes
data. These variables included: need for supplemental
oxygen stratified by level of support including mechani-
cal ventilation, highest level of care, need for renal
replacement therapy, vasopressor use, extracorporeal
membrane oxygenation (ECMO) use, hospital length of
stay, and hospital disposition.

Data from the MCIR included dates of vaccine
administration as well as vaccine type and brand.

Immunocompromised individuals were identified
using the AHRQ list of ICD-10 diagnoses and proce-
dure codes that they have listed as defining an immuno-
compromised state (IMMUNID).19 All available EHR
data were used to screen for these conditions and proce-
dures and codes that were deemed active during the cur-
rent hospitalization were included.
Outcome measures
The primary outcome of this study was in-hospital mor-
tality. Secondary endpoints included characteristics and
outcomes in ICU and elderly (age >65) subpopulations
including mechanical ventilation, vasopressors, renal
replacement therapy, ECMO, supplemental oxygen
(none, low flow therapy, high flow therapy), and hospi-
tal length of stay.
Statistical analysis
All data were summarized through descriptive statistics.
Numerical results are reported as means and standard
deviation or medians and interquartile ranges. Categori-
cal variables are reported as counts and percentages.
The Chi-square or Fisher’s exact test was used for cate-
gorical variables and the Kruskal-Wallis (exact) test was
www.thelancet.com Vol 8 Month April, 2022
used for numerical variables. When comparing FVB,
FV, and UV, the multiple comparison method was
applied; the post hoc Holm-Bonferonni procedure was
used for categorical variables and the Tukey-Kramer
method was used for numerical variables.20 All tests
performed in this analysis were two-sided tests, with
p < 0.05 or a confidence interval of 95% indicating sta-
tistical significance. Analysis was performed using R
software, version 4.1.2 (R Foundation for Statistical
Computing) and Excel (Microsoft).
Ethics committee approval
This study was approved by the Beaumont Health Insti-
tutional Review Board.
Role of the funding source
This research received no specific grant from any fund-
ing agency in public, commercial, or not-for-profit sec-
tors.
Results
Between August 12th, 2021 and January 20th, 2022,
there were 18,728 ED encounters with a primary diag-
nosis of COVID-19 (ICD 10: U07.1). After excluding
10,496 encounters that were discharged from the ED,
147 encounters that remained hospitalized at our desig-
nated follow-up date, and 357 partially vaccinated
encounters, a total of 7728 encounters remained in the
final analysis. Of these encounters, 448 (5.8%) were
FV&B, 2257 (29.2%) were FV, and 5023 (65.0%) were
UV (Figure 1).

The median age of FV&B patients was 73 (Interquar-
tile range (IQR) 62, 82) compared to 70 (IQR 59, 80)
for FV and 59 (IQR 45, 71) for UV (p < 0.001). The
majority of patients were female in both the FB&V and
UV groups with 51.1% and 51.8%, respectively, and male
in the FV group (51.3%) (p = 0.049). FV&B had a lower
median BMI of 28.3 (IQR 24.2, 34.0), compared to FV
(29.2 (IQR 24.9, 34.7)), and UV (30.0 (IQR 25.7, 35.9))
(p < 0.001). The proportion of immunocompromised
and pre-existing end-stage renal disease (ESRD) in the
FV&B cohort were 29.5% and 13.6%, respectively, com-
pared to 17.9% and 6.2% in the FV cohort, respectively,
and 11.3% and 2.3% in the UV cohort, respectively
(p < 0.001 for both). The median Elixhauser weighted
score was 12 (IQR 3, 22) for FV&B, 10 (IQR 2, 20) for
FV, and 9 (IQR 0, 17) for UV groups (p < 0.001). 4.9%
of FV&B individuals required mechanical ventilation
compared to 6.5% of FV, both of which were lower than
the UV group (10.2%) (p < 0.001). In-hospital mortality
was 7.1% in the FV&B, which was significantly lower
than the FV group (10.3%; p = 0.045) and UV group
(12.8%; p = 0.001) (Table 1 and Supplementary Table 1).
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Figure 1. Enrollment profile of COVID-19 emergency and inpatient encounters.
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In a sub-analysis comparing FV&B (n = 320), FV
(n = 1449), and UV (n = 1885) patients >65 years old,
outcome differences between groups were more appar-
ent. Specifically, in-hospital mortality was 9.1% in
FV&B, which was significantly lower than both the FV
group (13.6%; p = 0.035) and UV group (21.2%;
p < 0.001). (Table 2 and Supplementary Table 1)

A second sub-analysis was performed on patients
requiring ICU-level care including FV&B group
(n = 56), FV group (n = 271), and UV group (n = 757).
The FV&B group had a higher proportion of immuno-
compromised individuals (41.1%) compared to the FV
group (25.1%; p = 0.024) and UV group (12.4%;
p < 0.001). There was no difference in median Elix-
hauser weighted comorbidity between the FV&B (22.5
(IQR 11, 31)) and FV (22 (IQR 11, 31)) (p = 0.999),
although both were higher than the UV group (17 (IQR
7,26)) (p = 0.050 and p < 0.001, respectively). There
was no difference in in-hospital mortality between the
FV&B (37.5%) and FV (52.4%) (p = 0.119) or the FV and
UV (58.5%) (p = 0.119), however, in-hospital mortality
was significantly lower among the FV&B compared to
the UV (p = 0.010) (Table 3 and Supplementary Table 1).

There were 32 (7.1%) patients in the FV&B cohort
that died. Among these patients, three had received a
mix of mRNA vaccine types (Pfizer and Moderna), 13
received three doses of the Pfizer vaccine and 15 received
three doses of the Moderna vaccine, while one patient
had received two doses of the viral vector vaccine (Jans-
sen). The median number of days from booster vaccina-
tion to symptom onset was 38 (IQR 7.8, 66) with 10
subjects (31.3%) experiencing COVID-19 symptoms less
than 12 days from booster administration (Figure 2).
Discussion
Our study is one of the first investigations of the real-
world effectiveness of the SARS-CoV-2 booster vaccine
in preventing severe disease among hospitalized
COVID-19 patients in the United States. Despite their
older age (median 73 vs 70 years old (p = 0.018)), higher
rate of pre-existing ESRD (13.6% vs 6.2% (p < 0.001)),
higher proportion of immunocompromised state
(29.5% vs 17.9% (p < 0.001)), and a higher risk of in-
hospital death (Elixhauser weighted score 12 vs 10 (p
< 0.026)), in-hospital mortality was lower in the FV&B
compared to the FV group (7.1% vs 10.3% (p = 0.045)).
While it is unsurprising that our FV&B cohort was older
and had more immunocompromised individuals given
the staged rollout of the booster vaccine by age and risk
factors, it is notable that they experienced a lower rate of
in-hospital mortality despite being higher risk for death
at baseline. Previous evidence suggested that amongst
elderly individuals with multiple comorbidities, vaccina-
tion status did not provide a significant mortality benefit
once breakthrough infection requiring hospitalization
had occurred.21 However, in our current analysis,
among the subgroup of individuals over the age of 65,
we found that not only did FV individuals have a lower
incidence of in-hospital death when compared to UV
individuals (9.1% vs 21.2% (p < 0.001)), FV&B individu-
als saw a further reduction in death when compared to
FV patients (9.1% vs 13.6% (p = 0.035)). These findings
suggest that even among elderly patients with signifi-
cant comorbidities, a booster vaccine may provide addi-
tional protection against the progression toward severe
disease despite breakthrough infection requiring hospi-
talization. This current analysis suggests an additional
www.thelancet.com Vol 8 Month April, 2022



Vaccination Status

Variablesz All FV&B FV UV p value

N 7728 448 (5.80%) 2257 (29.21%) 5023 (65.00%)

Demographics

Age, years

Mean (SD) 61.87 (17.64) 70.90 (14.40)*,zz 68.53 (15.78)*,x 58.07 (17.52)x,zz <0.001{

Median (IQRs) 63.00 (50.00, 75.00) 73.00 (62.00, 82.00) 70.00 (59.00, 80.00) 59.00 (45.00, 71.00)

Gender

Female 3933 (50.89%) 229 (51.12%) 1100 (48.74%)x 2604 (51.84%)x 0.049y

Male 3795 (49.11%) 219 (48.88%) 1157 (51.26%) 2419 (48.16%)

Race (n = 7713/448/2255/5010)

Black or African American 1921 (24.91%) 84 (18.75%)zz 464 (20.58%)x 1373 (27.41%)x,zz <0.001y

White or Caucasian 5335 (69.17%) 337 (75.22%) 1667 (73.92%) 3331 (66.49%)

Other 457 (5.93%) 27 (6.03%) 124 (5.50%) 306 (6.11%)

BMI, kg/m2 (n = 7509/438/2184/4887)

Mean 31.17 (8.67) 29.27 (7.37)*,zz 30.63 (8.31)*,x 31.58 (8.90)x,zz <0.001{

Median 29.63 (25.28, 35.44) 28.25 (24.17, 34.01) 29.22 (24.90, 34.70) 29.95 (25.69, 35.94)

Pre-existing comorbidities

ESRD 315 (4.08%) 61 (13.62%)*,zz 140 (6.20%)*,x 114 (2.27%)x,zz <0.001y

Immunocompromised 1105 (14.30%) 132 (29.46%)*,zz 404 (17.90%)*,x 569 (11.33%)x,zz <0.001y

Elixhauser weighted score

Mean 10.54 (12.18) 13.53 (12.96)*,zz 11.90 (12.86)*,x 9.66 (11.69)x,zz <0.001{

Median 10.00 (1.00, 18.00) 12.00 (3.00, 22.00) 10.00 (2.00, 20.00) 9.00 (0.00, 17.00)

In-hospital therapies

O2 therapy 5529 (71.55%) 269 (60.04%)zz 1463 (64.82%)x 3797 (75.59%)x,zz <0.001y

Nasal cannula/non-rebreather 3080 (39.86%) 180 (40.18%) 917 (40.63%) 1983 (39.48%) 0.644y

High flow O2 1138 (14.73%) 30 (6.70%)zz 202 (8.95%)x 906 (18.04%)x,zz <0.001y

Non-invasive ventilation 633 (8.19%) 37 (8.26%) 198 (8.77%) 398 (7.92%) 0.473y

Mechanical ventilation 678 (8.77%) 22 (4.91%)zz 146 (6.47%)x 510 (10.15%)x,zz <0.001y

Vasopressor 694 (8.98%) 33 (7.37%) 168 (7.44%)x 493 (9.81%)x 0.002y

ICU-level care 1084 (14.03%) 56 (12.50%) 271 (12.01%)x 757 (15.07%)x 0.001y

Length of stay, hours

Mean 184.13 (183.16) 164.31 (169.23)zz 171.15 (158.81)x 191.73 (193.83)x,zz <0.001{

Median 128.00 (72.00, 234.00) 113.50 (62.00, 207.50) 126.00 (71.00, 213.00) 134.00 (74.00, 241.50)

Outcomes

Death 908 (11.75%) 32 (7.14%)*,zz 232 (10.28%)*,x 644 (12.82%)x,zz <0.001y

Discharge disposition location

(n = 6820/416/2025/4379)

Home 5846 (85.72%) 319 (76.68%) 1620 (80.00%) 3907 (89.22%)

Rehab 100 (1.47%) 13 (3.12%) 36 (1.78%) 51 (1.16%)

SNF 786 (11.52%) 72 (17.31%) 342 (16.89%) 372 (8.50%)

Hospice 50 (0.73%) 11 (2.64%) 17 (0.84%) 22 (0.50%)

Other 38 (0.55%) 1 (0.24%) 10 (0.49%) 27 (0.62%)

Table 1: Demographics, pre-existing comorbidities, in-hospital therapies, and outcomes among FV&B, FV, and UV individuals.
Abbreviations: FV&B=fully vaccinated and boosted; FV=fully vaccinated; UV=unvaccinated; BMI=body mass index; ESRD=end-stage renal disease; ICU=inten-

sive care unit; Rehab=rehabilitation; SNF=skilled nursing facility.
zFor continuous variables, medians (interquartile ranges, IQRs) and means (standard deviation, SD) were presented. For categorical variables, frequencies (per-

centage) were presented.
{Kruskal-Wallis test.
yChi-squared or Fisher’s exact test.

*p < 0.05 between FV&B and FV{{.
xp < 0.05 between FV and UV{{.
zzp < 0.05 between FV&B and UV{{.
{{In multiple comparisons test, post hoc Holm-Bonferroni procedure and the Tukey-Kramer method was used for categorical and numerical variables, respec-

tively. P-values are available in Supplementary Table 1.
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Vaccination Status

Variablesz All, Age 65+ FV&B, Age 65+ FV, Age 65+ UV, Age 65+ p value

N 3654 320 (8.76%) 1449 (39.66%) 1885 (51.59%)

Demographics

Age, years

Mean (SD) 76.97 (8.47) 78.21 (8.27)zz 77.97 (8.65)x 75.99 (8.25)x,zz <0.001{

Median (IQRs) 76.00 (70.00, 83.00) 78.00 (71.00, 84.25) 77.00 (71.00, 85.00) 74.00 (69.00, 82.00)

Gender

Female 1939 (53.07%) 162 (50.62%) 710 (49.00%)x 1067 (56.60%)x <0.001y

Male 1715 (46.93%) 158 (49.38%) 739 (51.00%) 818 (43.40%)

Race (n = 3652/320/1448/1884)

Black or African American 628 (17.20%) 51 (15.94%) 212 (14.64%)x 365 (19.37%)x <0.003y

White or Caucasian 2838 (77.71%) 249 (77.81%) 1170 (80.80%) 1419 (75.32%)

Other 186 (5.09%) 20 (6.25%) 66 (4.56%) 100 (5.31%)

BMI, kg/m2 (n = 3540/312/1398/1830)

Mean 28.91 (7.22) 28.30 (6.99) 29.15 (7.12) 28.84 (7.33) 0.108{

Median 27.80 (24.11, 32.49) 27.12 (23.49, 33.14) 28.22 (24.21, 32.90) 27.53 (24.13, 32.28)

Pre-existing comorbidities

ESRD 174 (4.76%) 43 (13.44%)*,zz 84 (5.80%)*,x 47 (2.49%)x,zz <0.001y

Immunocompromised 555 (15.19%) 89 (27.81%)*,zz 233 (16.08%)*,x 233 (12.36%)x,zz <0.001y

Elixhauser weighted score

Mean 14.24 (12.70) 15.62 (13.25) 14.25 (13.00) 13.99 (12.36) 0.093{

Median 13.00 (5.00, 22.00) 16.00 (5.00, 25.00) 13.00 (5.00, 23.00) 13.00 (5.00, 22.00)

In-hospital therapies

O2 therapy 2735 (74.85%) 213 (66.56%)zz 1023 (70.60%)x 1499 (79.52%)x,zz <0.001y

Nasal cannula/non-rebreather 1508 (41.27%) 144 (45.00%) 628 (43.34%)x 736 (39.05%)x 0.016y

High flow O2 502 (13.74%) 21 (6.56%)*,zz 150 (10.35%)*,x 331 (17.56%)x,zz <0.001y

Non-invasive ventilation 373 (10.21%) 29 (9.06%) 139 (9.59%) 205 (10.88%) 0.373y

Mechanical ventilation 352 (9.63%) 19 (5.94%)zz 106 (7.32%)x 227 (12.04%)x,zz <0.001y

Vasopressor 380 (10.40%) 25 (7.81%)zz 119 (8.21%)x 236 (12.52%)x,zz <0.001y

ICU-level care 551 (15.08%) 44 (13.75%) 192 (13.25%)x 315 (16.71%)x 0.017y

Length of stay, hours

Mean 204.63 (181.11) 185.23 (177.25)zz 187.16 (161.96)x 221.35 (193.75)x,zz <0.001{

Median 148.00 (91.00, 266.75) 133.50 (76.00, 242.00) 144.00 (85.00, 240.00) 159.00 (96.00, 292.00)

Outcomes

Death 626 (17.13%) 29 (9.06%)*,zz 197 (13.60%)*,x 400 (21.22%)x,zz <0.001y

Discharge disposition location

(n = 3028/291/1252/1485)

Home 2257 (74.54%) 201 (69.07%) 904 (72.20%) 1152 (77.58%)

Rehab 73 (2.41%) 13 (4.47%) 28 (2.24%) 32 (2.15%)

SNF 641 (21.17%) 66 (22.68%) 302 (24.12%) 273 (18.38%)

Hospice 45 (1.49%) 11 (3.78%) 14 (1.12%) 20 (1.35%)

Other 12 (0.40%) 0 (0.00%) 4 (0.32%) 8 (0.54%)

Table 2: Demographics, pre-existing comorbidities, in-hospital therapies, and outcomes among FV&B, FV, and UV individuals age 65 and
older.
Abbreviations: FV&B=fully vaccinated and boosted; FV=fully vaccinated; UV=unvaccinated; BMI=body mass index; ESRD=end-stage renal disease; ICU=inten-

sive care unit; Rehab=rehabilitation; SNF=skilled nursing facility.
zFor continuous variables, medians (interquartile ranges, IQRs) and means (standard deviation, SD) were presented. For categorical variables, frequencies (per-

centage) were presented.
{Kruskal-Wallis test.
yChi-squared or Fisher’s exact test.

*p < 0.05 between FV&B and FV{{.
xp < 0.05 between FV and UV{{.
zzp < 0.05 between FV&B and UV{{.
{{In multiple comparisons test, post hoc Holm-Bonferroni procedure and the Tukey-Kramer method was used for categorical and numerical variables, respec-

tively. P-values are available in Supplementary Table 1.
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Vaccination Status

Variablesz All, ICU FV&B, ICU FV, ICU UV, ICU p value

n 1084 56 (5.17%) 271 (25.00%) 757 (69.83%)

Demographics

Age, years

Mean (SD) 63.07 (15.79) 72.05 (13.17)zz 70.09 (12.60)x 59.89 (15.94)x,zz <0.001{

Median (IQRs) 65.00 (53.00, 74.00) 73.50 (66.00, 81.25) 71.00 (63.00, 79.50) 61.00 (49.00, 71.00)

Gender

Female 463 (42.71%) 32 (57.14%) 110 (40.59%) 329 (43.46%) 0.714y

Male 621 (57.29%) 24 (42.86%) 161 (59.41%) 428 (56.54%)

Race (n = 1081/56/270/755)

Black or African American 222 (20.54%) 6 (10.71%) 47 (17.41%) 169 (22.38%) 0.155y

White or Caucasian 796 (73.64%) 47 (83.93%) 206 (76.30%) 543 (71.92%)

Other 63 (5.83%) 3 (5.36%) 17 (6.30%) 43 (5.70%)

BMI, kg/m2 (n = 1068/56/266/746)

Mean 32.96 (9.66) 29.37 (5.82)zz 31.67 (9.25)x 33.69 (9.93)x,zz <0.001{

Median 31.41 (26.32, 37.59) 28.87 (25.45, 33.72) 30.51 (24.99, 36.29) 31.91 (27.14, 38.61)

Pre-existing comorbidities

ESRD 60 (5.54%) 13 (23.21%)*,zz 27 (9.96%)*,x 20 (2.64%)x,zz <0.001y

Immunocompromised 185 (17.07%) 23 (41.07%)*,zz 68 (25.09%)*,x 94 (12.42%)x,zz <0.001y

Elixhauser weighted score

Mean 18.94 (13.90) 22.09 (13.69)zz 21.99 (15.20)x 17.61 (13.22)x,zz <0.001{

Median 19.00 (9.00, 28.00) 22.50 (11.00, 31.25) 22.00 (11.00, 31.00) 17.00 (7.00, 26.00)

In-hospital therapies

O2 therapy 1042 (96.13%) 49 (87.50%)zz 259 (95.57%) 734 (96.96%)zz 0.005y

Nasal cannula/non-rebreather 129 (11.90%) 10 (17.86%) 44 (16.24%)x 75 (9.91%)x 0.008y

High flow O2 84 (7.75%) 3 (5.36%) 19 (7.01%) 62 (8.19%) 0.755y

Non-invasive ventilation 212 (19.56%) 14 (25.00%) 65 (23.99%) 133 (17.57%) 0.042y

Mechanical ventilation 617 (56.92%) 22 (39.29%)zz 131 (48.34%)x 464 (61.29%)x,zz <0.001y

Vasopressor 623 (57.47%) 32 (57.14%) 146 (53.87%) 445 (58.78%) 0.373y

Length of stay, hours

Mean 388.93 (297.27) 370.29 (291.23) 344.73 (239.55)x 406.13 (314.49)x 0.014{

Median 323.50 (187.75, 514.50) 292.50 (142.75, 504.00) 299.00 (168.00, 454.00) 338.00 (201.00, 534.00)

Outcomes

Death 606 (55.90%) 21 (37.50%)zz 142 (52.40%) 443 (58.52%)zz 0.004y

Discharge disposition location

(n = 478/35/129/314)

Home 298 (62.34%) 18 (51.43%) 75 (58.14%) 205 (65.29%)

Rehab 43 (9.00%) 6 (17.14%) 13 (10.08%) 24 (7.64%)

SNF 111 (23.22%) 9 (25.71%) 36 (27.91%) 66 (21.02%)

Hospice 9 (1.88%) 2 (5.71%) 3 (2.33%) 4 (1.27%)

Other 17 (3.56%) 0 (0.00%) 2 (1.55%) 15 (4.78%)

Table 3: Demographics, pre-existing comorbidities, in-hospital therapies, and outcomes among FV&B, FV, and UV individuals requiring
intensive care.
Abbreviations: FV&B=fully vaccinated and boosted; FV=fully vaccinated; UV=unvaccinated; BMI=body mass index; ESRD=end-stage renal disease; ICU=inten-

sive care unit; Rehab=rehabilitation; SNF=skilled nursing facility.
zFor continuous variables, medians (interquartile ranges, IQRs) and means (standard deviation, SD) were presented. For categorical variables, frequencies (per-

centage) were presented.
{Kruskal-Wallis test.
yChi-squared or Fisher’s exact test.

*p < 0.05 between FV&B and FV{{.
xp < 0.05 between FV and UV{{.
zzp < 0.05 between FV&B and UV{{.
{{In multiple comparisons test, post hoc Holm-Bonferroni procedure and the Tukey-Kramer method was used for categorical and numerical variables, respec-

tively. P-values are available in Supplementary Table 1.
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Figure 2. Characteristics and comorbidities of 32 fully vaccinated and boosted patients who expired from COVID-19.
Demographic/clinical data includes age range, sex, Elixhauser weighted score, vaccine type, timing of booster, and timing of

symptom onset. Outcomes data includes mechanical ventilation and mortality.
Abbreviations: ICU=Intensive care unit; MV=Mechanical ventilation; J&J=Janssen.
* <12 days from booster vaccination to symptom onset. The median number of days from booster vaccination to symptom

onset was 38 (IQR 7.8, 66).
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value of the booster not seen in previous literature on
fully vaccinated patients and severe disease.21,22

The relationship between the timing of booster
administration and the onset of infectious symptoms
is notable in the FV&B population that died. In gen-
eral, COVID-19 was diagnosed in close proximity to
receiving the dose. Specifically, 31.3% (10 out of 32) of
the deceased group received the booster dose <12 days
from onset of symptoms suggesting that FV&B
patients who required ICU care may not have had
enough time since their booster dose to confer the full
benefit of the additional vaccination. The relevance of
the timing of booster administration is supported by
data from an Israeli study assessing the benefit of
BNT162b2 booster. In that analysis, the authors found
that 12 days post-booster immunization, there was a
significant decrease in the rate of breakthrough infec-
tion when compared to the control, un-boosted,
www.thelancet.com Vol 8 Month April, 2022
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group.23 Our data suggests that the mortality benefit
for the FV&B group may be even greater as the full
potency of the booster was likely unrecognized in a
substantial minority of the deceased.

It is unclear if an immunocompromised state is an
independent predictor of severe COVID-19 disease in
boosted patients. In our study sample, the proportion
of individuals who were identified as immunocompro-
mised was much higher in the FV&B group compared
to both the FV and UV groups, 29.5%, 17.9%, and
11.3%, respectively (all p < 0.001). Additionally, among
patients who required ICU level care, this trend contin-
ued, with FV&B patients having the highest proportion
of immunocompromised individuals (41.1%) when
compared to FV (25.1% (p = 0.024)) and UV individu-
als (12.4% (p < 0.001)). Previous evidence has shown
that immunocompromised patients may have a tem-
pered immune response to vaccination.24,25 However,
additional doses may increase the likelihood of
immune response.26 Unfortunately, none of the
deceased in the FV&B cohort had laboratory antibody
testing results within their health records to explore
this variable further.

This study has several limitations. First, the sam-
ple size of the FV&B group was small. This was due
to a smaller proportion of the population that was eli-
gible for the booster dose during the study period.
Further, given that our study only evaluated patients
who sought emergency care and subsequently
required hospitalization, with presumed strength-
ened immunity from the additional dose, there are
likely a number of breakthrough SARS-CoV-2 infec-
tions that were not captured in our cohort. Given the
staged approval of the booster doses starting with
high-risk individuals, our sample population was
biased towards individuals ≥ 65 years old as well as
those with a pre-existing immunocompromised state.
As with all retrospective studies, we were unable to
control for confounders that may have affected hospi-
tal outcomes when comparing FV&B, FV, and UV
individuals. Lastly, given our small sample size and
the heterogeneity of vaccination sequences we were
unable to determine if one vaccine, or sequence of
vaccines, has benefit over another.
Conclusions
In this study of hospitalized patients with COVID-19, we
observed that the cohort of FV&B patients had a lower rate
of in-hospital mortality compared to both FV and UV indi-
viduals, despite being higher risk for in-hospital mortality
at baseline. While vaccination provides a layer of protec-
tion against mortality compared to no vaccination, the
booster dose enhances this defense and confers an addi-
tional mortality benefit. As COVID-19 continues to spread,
more extensive studies are needed to further identify risk
factors for severe outcomes among the FV&B population.
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