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Hospitalization and Severe Outcomes in Adults:  
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Abstract

Background: This study evaluates the real-world effectiveness of 
updated bivalent coronavirus disease 2019 (COVID-19) vaccines in 
adults, as the virus evolves and the need for new vaccinations in-
creases.

Methods: In this observational, retrospective, multi-center, cohort 
analysis, we examined emergency care encounters with COVID-19 
in metro Detroit, Michigan, from January 1, 2022, to March 9, 2023. 
Patients were categorized by vaccination status: unvaccinated, fully 
vaccinated, fully vaccinated and boosted (FV&B), or fully vaccinated 
and bivalent boosted (FV&BB). The primary outcome was to assess 
the impact of bivalent COVID-19 vaccinations on the risk of compos-
ite severe outcomes (intensive care unit (ICU) admission, mechanical 
ventilation, or death) among patients presenting to a hospital with a 
primary diagnosis of COVID-19.

Results: A total of 21,439 encounters met inclusion criteria: 9,630 
(44.9%) unvaccinated, 9,223 (43.0%) vaccinated, 2,180 (10.2%) 
FV&B, and 406 (1.9%) FV&BB. The average age was 48.8, with 
59.6% female; 61.1% were White, 32.8% Black, and 6.0% other 
races. Severe disease affected 5.5% overall: 5.0% unvaccinated, 
5.7% vaccinated, 7.0% FV&B, and 4.7% FV&BB (P = 0.001). Se-
vere disease rates among admitted patients were 13.3% unvaccinated, 
11.9% vaccinated, 12.2% boosted, and 8.1% FV&BB (P = 0.052). 
The FV&BB group showed a 4.0% (P = 0.0369) lower risk of severe 

disease compared to FV&B and a 5.1% (P = 0.0203) lower probabil-
ity of hospitalization.

Conclusions: As the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) continues to mutate and evolve, updated vaccines are 
necessary to better combat COVID-19. In a real-world hospital-based 
population, this investigation demonstrates the incremental benefit of 
the bivalent booster vaccine in reducing the risk of hospitalization and 
severe outcomes in those diagnosed with COVID-19 compared to all 
other forms of vaccination.

Keywords: COVID-19; SARS-CoV-2; Booster dose; Vaccination; 
Hospitalization; Severe illness; Mortality; Death

Introduction

The coronavirus disease 2019 (COVID-19) virus has proved 
to be one of the deadliest viruses to date, as the death toll ap-
proaches 7,000,000 people and nearly 800,000,000 confirmed 
infections in just 3 years [1, 2]. This disease has quickly be-
come one of the top causes of death in the USA, next to heart 
disease and cancer [3].

Fortunately, a variety of therapeutics have been identified 
or developed to combat this virulent pathogen. For active in-
fection, anti-inflammatories, monoclonal antibodies, and an-
tivirals have resulted in improved outcomes in some patient 
populations [4-7]. However, infection control and prevention 
remain the most effective method of reducing mortality. After 
the first rollout of vaccines in early 2021, nearly 644.7 million 
vaccinations were distributed in the USA within 1 year [8]. 
The original monovalent vaccine was developed using mRNA 
to produce the spike protein found on the surface of the virus 
[9]. Both the primary series of two vaccines, plus the rollout of 
booster shots 1 year later, quickly demonstrated significant re-
ductions in COVID-19-related hospitalizations and in-hospital 
deaths [10, 11].

Unfortunately, the severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) continues to evolve, and changes 
in its genetic code diminish the effectiveness of targeted vac-
cinations. mRNA viruses like SARS-CoV-2 mutate five times 
faster than DNA viruses, therefore, it is not surprising to ob-
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serve significant changes to the virus’s genome over the course 
of several years [12]. Emerging in India in late 2020, the delta 
variant was highly contagious and was an early real-world 
example of how viral variants could reduce vaccine efficacy 
[12, 13]. Subsequently, the omicron variant, first detected in 
November 2021, proved to be even more infectious with an 
even greater ability to infect vaccinated individuals [14, 15]. In 
order to combat these variants, a new series of bivalent boost-
ers was developed. These boosters targeted a component of the 
original SARS-CoV-2 strain and a shared component of the 
BA.4/BA.5 lineages of the omicron variant. These vaccines 
were disseminated to the American public in September 2022 
[16]. Early trials showed additional efficacy in preventing in-
fection when compared to the monovalent vaccines [17]. How-
ever, there is still a lack of data regarding the efficacy of these 
vaccines in a real-world population, particularly in patients re-
quiring hospital-level care. Thus, the primary aim of this study 
was to investigate the impact of the bivalent SARS-CoV-2 
vaccinations compared to their monovalent counterparts in 
preventing severe outcomes among hospitalized patients.

Materials and Methods

Study design

This study was an observational, retrospective, multi-center 

cohort analysis of patient encounters extracted from elec-
tronic health records (EHRs). Eight distinct hospitals, ranging 
from small community hospitals to a large, academic, tertiary 
care center in Southeast Michigan, USA, comprised the study 
setting.

Selection of participants

Encounters of patients with a principal diagnosis (laboratory 
confirmed at time of the emergency department (ED) pres-
entation) of COVID-19 (U07.1), among patients who were 
18 or older at the time of the encounter and presented to one 
of Corewell Health East’s ED between January 1, 2022, and 
March 9, 2023, met inclusion criteria. Any patients with labo-
ratory-verified positive COVID-19 test within the preceding 28 
days were excluded, as this was likely not an acute infection but 
rather a persistent one (Fig. 1). The Corewell Health Institution-
al Review Board (IRB) approved this (IRB #2022-266); given 
the retrospective nature of the study, a waiver for written in-
formed consent was granted. This study was conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as with the Helsinki Declaration.

Measurements

All data were extracted from the EHR system (Epic, Verona, 

Figure 1. Flow figure of inclusion and exclusion criteria. Flow figure of encounters screened for eligibility, encounters excluded 
from the study, and vaccination categorization.
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Wisconsin). These data included demographic, clinical, labo-
ratory, and outcomes variables, including age, sex, ethnicity, 
past medical history, vaccination status, initial vital signs, in-
hospital therapies, and outcomes of interest, such as the need 
for care in the intensive care unit (ICU), mechanical ventila-
tion, death, and hospital length of stay. Comorbidities were as-
sessed using the Agency for Healthcare Research and Quality 
(AHRQ) Elixhauser Comorbidity Index [18]. Immunocompro-
mised individuals were identified based on the International 
Classification of Diseases, 10th Revision (ICD-10) codes per 
the AHRQ definition, such as autoimmune diseases, organ 
transplants, nutritional deficiencies, certain genetic conditions, 
certain chronic diseases, and human immunodeficiency virus 
disease [19]. The vaccination status for SARS-CoV-2 of pa-
tients was confirmed through the EHR at the institution, con-
nected with the Michigan Care Improvement Registry (MCIR) 
[20]. This integration ensured that even those who received 
their vaccinations outside the Corewell Health System had up-
dated vaccination data. The MCIR keeps detailed records of 
SARS-CoV-2 vaccinations for people immunized in Michigan, 
including the specific type of vaccine received and the date it 
was administered.

Definitions

Vaccination status was grouped into four categories: unvac-
cinated, vaccinated, boosted, and bivalent boosted. The un-
vaccinated group consisted of patients with no records of 
vaccination. The vaccinated category consisted of patients 
who received the primary two-dose monovalent mRNA vac-
cination series (Pfizer, Moderna) or received one viral vector 
vaccine (Janssen). The fully vaccinated and boosted (FV&B) 
cohort consisted of patients who met criteria of the vaccinated 
category and received at least one additional vaccine before 
September 1, 2022. The fully vaccinated and bivalent boosted 
(FV&BB) cohort consisted of patients who met criteria of the 
FV&B category and received one of the bivalent boosted vac-
cines between October 1, 2022, and March 9, 2023. A washout 
period (September 2022) was utilized. All data were queried 
on March 31, 2023. For all vaccination groups, the immuniza-
tion date must be at least 14 days after vaccination administra-
tion, which is consistent with previous studies [21, 22]. Safety 
information regarding potential side effects is monitored and 
reported by the Centers for Disease Control and Prevention 
(CDC) [23].

Outcomes

The primary outcome of this study was to assess the impact of 
bivalent COVID-19 vaccinations on the risk reduction of com-
posite severe outcomes among patients presenting to a hospital 
with a primary diagnosis of COVID-19. Severe outcomes in-
cluded admission to the ICU, mechanical ventilation, or death, 
as first described by the CDC [24]. The secondary outcome 
evaluated the need for hospitalization following initial ED 
evaluation. Of note, mechanically ventilated patients required 

an ICU level of care per institutional policy. Additional out-
come measures included need for oxygen therapy, and hospital 
length of stay.

Data analyses

First, descriptive statistics were used to summarize patient 
characteristics based on their COVID-19 vaccination status. 
Continuous variables were expressed as means, standard de-
viation of the mean, median, and interquartile range. Categori-
cal variables were reported as frequencies and percentages. 
Differences in the characteristics based on vaccination status 
were tested using Pearson’s Chi-square test for categorical 
variables, and Kruskal-Wallis test for continuous variables.

Next, three logistic regression models were fit to evalu-
ate the effect of vaccination status on the above-mentioned 
composite outcome: 1) unadjusted model did not control for 
any additional covariate; 2) partially adjusted model controlled 
for age and Elixhauser comorbidity index; 3) fully adjusted 
model, controlled for age, Elixhauser comorbidity index, sex, 
race pre-existing end-stage renal disease and if the patient was 
immunocompromised. Following each estimated regression 
model, average marginal effects of vaccination status on com-
posite outcome were calculated. Using these marginal effects, 
analysis of variance contrast tests was used to estimate the dif-
ferences in predicted probabilities (along with 95% confidence 
intervals) of composite outcome between vaccination status 
groups using the boosted as the reference category. The same 
steps were followed for the secondary outcome. The contrasts 
test results are presented in figures for ease of visual inspec-
tion and assessment. All the statistical analysis was performed 
using Stata 17.0 [25].

Results

Between January 1, 2022, and March 9, 2023, 21,439 patient 
encounters met inclusion criteria: 9,630 (44.9%) were unvac-
cinated, 9,223 (43.0%) were vaccinated, 2,180 (10.2%) were 
boosted, and 406 (1.9%) were bivalent boosted. The average 
age was 48.8 years old, 59.6% (n = 12,777) of the population 
was female, and 61.1% (n = 13,109) identified as White, 32.8% 
(7,034) identified as Black, and 6.0% (n = 1,296) identified with 
a race other than Black or White. Immunocompromised state 
was present in 12.8% of the population, with the largest propor-
tion among boosted patients (18.5%) and the lowest proportion 
among the unvaccinated patients (9.5%; P < 0.001). The bivalent 
boosted group comprised the highest proportion requiring oxy-
gen therapy (37.2%), compared to the boosted, vaccinated, and 
unvaccinated groups (32.7%, 28.4%, and 22.1%, respectively. 
P < 0.001). Overall, 5.5% (n = 1,178) of the population experi-
enced composite severe disease; 5.0% (n = 477) unvaccinated, 
5.7% (n = 530) vaccinated, 7.0% (n = 152) boosted, and 4.7% 
(n = 19) bivalent boosted (P = 0.001). The average length of stay 
was longest in the unvaccinated cohort (183.0 h) and shortest in 
the bivalent boosted cohort (147.0 h) (Table 1).

In a subgroup analysis of patients admitted to the hospi-
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tal (n = 9,390), 54.3% (5,101) of the subgroup was female, 
with 24.8% (n = 2,325) identifying as Black, 69.9% (6,567) 
identifying as White, and 5.3% (n = 498) identifying with a 
race other than Black or White. Immunocompromised state 
was present in 20.5% (n = 1,922) of the population, and 52.1% 
(4,888) had an Elixhauser score of ≥ 5. Thirty-seven point sev-
en percent (n = 3,543) were unvaccinated, 46.5% (n = 4,366) 
were vaccinated, 13.3% (n = 1,246) were boosted, and 2.5% (n 
= 235) were bivalent boosted. There was no difference in the 
proportion of the need for oxygen therapy (bivalent boosted = 
59.6%, boosted = 55.5%, unvaccinated = 56.9%, and vacci-
nated = 56.8%; P = 0.645). For the primary outcome, 13.3% (n 
= 472) of the unvaccinated patients experienced composite se-
vere disease, compared to 11.9% of vaccinated patients, 12.2% 
of boosted patients, and 8.1% of bivalent boosted patients (P = 
0.052) (Table 2). The risk of severe disease among the FV&BB 
cohort of admitted patients was 4.0% lower compared to the 
FV&B cohort of admitted patients (P = 0.0369) (Fig. 2a).

The difference in the probability of requiring hospital 
admission, after adjusting for age, sex, race, Elixhauser co-
morbidity index, pre-existing end-stage renal disease, and im-
munocompromised state was 2.9% (P = 0.0351) greater in the 
unvaccinated group, compared to the FV&B group. There was 
no difference in the contrast of predictions for the vaccinated 
versus the boosted groups (P > 0.05). The probability of re-
quiring hospitalization was 5.1% higher in the FV&B group 
compared to the FV&BB group (P = 0.0203) (Fig. 2b) (Sup-
plementary Material 1, www.jocmr.org).

Discussion

This study serves as one of the first to investigate the real-
world effectiveness of the bivalent formulations for the mRNA 
vaccines. After adjusting for baseline risk factors, we observed 
a reduced rate of hospital admission as well as a reduction in 
the rate of severe outcomes amongst patients who had received 
the bivalent booster as compared to all other groups. While 
fully vaccinated and FV&B demonstrated a significant reduc-
tion in these risks when compared to unvaccinated individuals, 
bivalent boosted patients demonstrated an even greater reduc-
tion in these risks. Additionally, despite the bivalent boosted 
population being the oldest and highest risk for inpatient mor-
tality, as predicted by the Elixhauser index, we observed the 
lowest absolute mortality and composite severe outcome rate 
in this group. Further, after adjusting for age, sex, race, and 
comorbidities, the bivalent mRNA booster patients had the 
lowest rates of composite severe disease, shortest hospital 
length of stay, and lowest probability of requiring hospitaliza-
tion when compared to all other groups. These findings align 
with other similar previous studies [26-30]. These results not 
only re-enforce the known efficacy of the bivalent boosters but 
demonstrate a significant reduction in morbidity and mortality 
among the highest-risk population in our cohort.

Unfortunately, reception and distribution of the vaccines 
have decreased over the past year despite COVID-19 remain-
ing one of the highest causes of morbidity and mortality in 
the USA [31]. It is notable that the unvaccinated cohort still 

comprises the highest burden to hospitals. In Oakland County, 
Michigan, 25.4% of residents were unvaccinated during the 
study period, however they comprised 44.9% of all patients 
hospitalized for COVID-19 [32]. This represents an ongo-
ing and significant burden to the hospital systems across the 
country which is potentially avoidable with wider adoption 
of vaccines. Looking specifically at the most vulnerable indi-
viduals, while we observed a trend towards older individuals 
with higher levels of comorbidities being higher on the vacci-
nation status ladder, our overall population of bivalent boosted 
individuals was still small. Current data report that in Oakland 
County, 18% of residents are older than 65. However, only 
8% of Oakland County residents have received the bivalent 
booster [2]. These numbers suggest that even in a best-case 
scenario, we would still expect that at least 10% of individuals 
older than 65 have not yet received their bivalent booster.

It is important for individuals with elevated baseline risk to 
understand that there is an added layer of protection with the bi-
valent vaccine formulation, even compared to the very effective 
monovalent boosted cohort. Furthermore, when compared to 
other common upper respiratory viruses like influenza and res-
piratory syncytial virus, COVID-19 infection comprises higher 
rates of hospitalization and death overall [33]. Given the signifi-
cant added protection from the bivalent boosters we observed in 
our study, it is critical that older, higher-risk individuals receive 
these vaccinations prior to SARS-CoV-2 exposure to reduce the 
risk of severe outcomes. Overall, our findings demonstrate the 
need for individuals to stay up to date on their COVID-19 vac-
cinations according to current guidelines per the CDC.

This investigation had some limitations. One limitation 
was the inability to identify the precise viral variant causing 
each infection. While specific variant data could further elimi-
nate confounding variables, our study has the benefit of ob-
serving a real-world population for patient-centered outcomes. 
Therefore, we feel that our results demonstrate real-world ef-
ficacy despite our lack of specific variant data. In addition, 
Figure 3 visually demonstrates the number of cases meeting 
inclusion criteria group by predominant COVID-19 variant in 
the region per CDC genomic surveillance [34]. Another factor 
that limits the strength of our results is the small sample size 
of the bivalent boosted cohort. While this is a limitation, we 
still observed statistically significant results for our outcomes 
of interest, suggesting that the impact of bivalent vaccines is 
large enough to overcome this limitation. Next, there is a small 
chance that who tested positive for COVID-19 on admission to 
the hospital did not remain positive during the entirety of their 
hospitalization. Additionally, we did not have data on whether 
patients had previously tested positive for SARS-CoV-2 prior 
to vaccination, and therefore were unable to evaluate for the 
effects of innate immunity within our cohort. There is also a 
possibility that varying time between initial vaccinations and 
booster doses may have an effect on immunity, and this is not 
something that we evaluated. Finally, the retrospective nature 
of our study design may have caused issues with data collec-
tion and review. However, we have spent a significant amount 
of time validating our dataset over the course of the COVID-19 
pandemic and believe that our collection methods retain the 
highest level of accuracy and integrity possible. Additionally, 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org214

Bivalent COVID-19 Vaccines Improve Outcomes J Clin Med Res. 2024;16(5):208-219
Ta

bl
e 

2.
  D

em
og

ra
ph

ic
s,

 C
om

or
bi

di
tie

s,
 In

iti
al

 V
ita

l S
ig

ns
, I

n-
H

os
pi

ta
l T

he
ra

pi
es

, a
nd

 O
ut

co
m

es
 o

f A
dm

itt
ed

 P
at

ie
nt

s

Va
ri

ab
le

sa
A

ll
U

nv
ac

ci
na

te
d

Va
cc

in
at

ed
B

oo
st

ed
B

iv
al

en
t b

oo
st

ed
P 

va
lu

e
N

9,
39

0
3,

54
3 

(3
7.

7%
)

4,
36

6 
(4

6.
5%

)
1,

24
6 

(1
3.

3%
)

23
5 

(2
.5

%
)

D
em

og
ra

ph
ic

s
 

 
A

ge
, y

ea
rs

 
 

 
 

M
ea

n
67

.9
 (1

7.
5)

63
.0

 (1
8.

9)
70

.0
 (1

6.
3)

72
.7

 (1
5.

0)
76

.6
 (1

1.
8)

< 
0.

00
1

 
 

 
 

M
ed

ia
n

71
 (5

8,
 8

1)
65

 (5
0,

 7
8)

72
 (6

1,
 8

2)
74

 (6
5,

 8
4)

78
 (6

9,
 8

5)
 

 
Se

x
 

 
 

 
Fe

m
al

e
5,

10
1 

(5
4.

3)
1,

96
8 

(5
5.

5)
2,

35
9 

(5
4.

0)
66

2 
(5

3.
1)

11
2 

(4
7.

7)
0.

06
6

 
 

 
 

M
al

e
4,

28
9 

(4
5.

7)
1,

57
5 

(4
4.

5)
2,

00
7 

(4
6.

0)
58

4 
(4

6.
9)

12
3 

(5
2.

3)
 

 
R

ac
e

 
 

 
 

B
la

ck
 o

r A
fr

ic
an

 A
m

er
ic

an
2,

32
5 

(2
4.

8)
1,

06
2 

(3
0.

0)
96

5 
(2

2.
1)

25
5 

(2
0.

5)
43

 (1
8.

3)
< 

0.
00

1
 

 
 

 
W

hi
te

 o
r C

au
ca

si
an

6,
56

7 
(6

9.
9)

2,
31

3 
(6

5.
3)

3,
14

7 
(7

2.
1)

92
7 

(7
4.

4)
18

0 
(7

6.
6)

 
 

 
 

O
th

er
49

8 
(5

.3
)

16
8 

(4
.7

)
25

4 
(5

.8
)

64
 (5

.1
)

12
 (5

.1
)

 
 

B
od

y 
m

as
s i

nd
ex

, k
g/

m
2

 
 

 
 

M
ea

n
29

.1
 (8

.4
)

29
.6

 (8
.9

)
29

.0
 (8

.3
)

28
.4

 (7
.3

)
28

.2
 (7

.8
)

< 
0.

00
4

 
 

 
 

M
ed

ia
n

27
.5

 (2
3.

4,
 3

3.
3)

27
.9

 (2
3.

4,
 3

4)
27

.5
 (2

3.
4,

 3
3.

1)
27

.1
 (2

3.
3,

 3
2.

4)
26

.6
 (2

2.
9,

 3
2.

1)
C

om
or

bi
di

tie
s

 
 

Im
m

un
oc

om
pr

om
is

ed
1,

92
2 

(2
0.

5)
60

8 
(1

7.
2)

97
7 

(2
2.

4)
29

2 
(2

3.
4)

45
 (1

9.
1)

< 
0.

00
1

 
 

Pr
e-

ex
is

tin
g 

en
d-

st
ag

e 
re

na
l d

is
ea

se
58

3 
(6

.2
)

16
5 

(4
.7

)
29

9 
(6

.8
)

11
0 

(8
.8

)
9 

(3
.8

)
< 

0.
00

1
 

 
El

ix
ha

us
er

 w
ei

gh
te

d 
sc

or
e

 
 

 
 

M
ea

n
5.

2 
(3

.7
)

4.
4 

(3
.6

)
5.

6 
(3

.6
)

5.
8 

(3
.7

)
5.

9 
(3

.6
)

< 
0.

00
1

 
 

 
 

M
ed

ia
n

5 
(2

,8
)

4 
(2

,7
)

5 
(3

,8
)

6 
(3

,9
)

6 
(3

,9
)

 
 

El
ix

ha
us

er
, c

at
eg

or
y

 
 

 
 

0
85

2 
(9

.1
)

46
4 

(1
3.

1)
29

6 
(6

.8
)

77
 (6

.2
)

15
 (6

.4
)

< 
0.

00
1

 
 

 
 

1 
to

 2
1,

82
1 

(1
9.

4)
85

0 
(2

4.
0)

75
1 

(1
7.

2)
18

4 
(1

4.
8)

36
 (1

5.
3)

 
 

 
 

3 
to

 4
1,

82
9 

(1
9.

5)
69

3 
(1

9.
6)

84
9 

(1
9.

4)
24

7 
(1

9.
8)

40
 (1

7.
0)

 
 
 
 
≥ 
5

4,
88

8 
(5

2.
1)

1,
53

6 
(4

3.
4)

2,
47

0 
(5

6.
6)

73
8 

(5
9.

2)
14

4 
(6

1.
3)

In
iti

al
 v

ita
l s

ig
ns

 
 

R
es

pi
ra

to
ry

 ra
te

, b
re

at
hs

 p
er

 m
in

ut
e

 
 

 
 

< 
30

9,
03

7 
(9

6.
3)

3,
39

8 
(9

5.
9)

4,
20

9 
(9

6.
4)

1,
20

3 
(9

6.
5)

22
7 

(9
6.

6)
0.

64
8

 
 
 
 
≥ 
30

35
2 

(3
.7

)
14

4 
(4

.1
)

15
7 

(3
.6

)
43

 (3
.5

)
8 

(3
.4

)
 

 
Pu

ls
e,

 b
ea

ts
 p

er
 m

in
ut

e
 

 
 

 
< 

90
4,

84
9 

(5
1.

6)
1,

64
9 

(4
6.

6)
2,

32
5 

(5
3.

3)
72

7 
(5

8.
3)

14
8 

(6
3.

0)
< 

0.
00

1
 
 
 
 
≥ 
90

4,
54

0 
(4

8.
4)

1,
89

3 
(5

3.
4)

2,
04

1 
(4

6.
7)

51
9 

(4
1.

7)
87

 (3
7.

0)
 

 
Sy

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 m

m
 H

g



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 215

Mielke et al J Clin Med Res. 2024;16(5):208-219

Va
ri

ab
le

sa
A

ll
U

nv
ac

ci
na

te
d

Va
cc

in
at

ed
B

oo
st

ed
B

iv
al

en
t b

oo
st

ed
P 

va
lu

e
 

 
 

 
< 

90
23

3 
(2

.5
)

69
 (1

.9
)

11
8 

(2
.7

)
41

 (3
.3

)
5 

(2
.1

)
0.

03
6

 
 
 
 
≥ 
90

9,
15

5 
(9

7.
5)

3,
47

3 
(9

8.
1)

4,
24

7 
(9

7.
3)

1,
20

5 
(9

6.
7)

23
0 

(9
7.

9)
 

 
Te

m
pe

ra
tu

re
, °

C
 

 
 

 
< 

36
28

3 
(3

.0
)

97
 (2

.7
)

15
0 

(3
.4

)
31

 (2
.5

)
5 

(2
.1

)
0.

01
6

 
 

 
 

36
 - 

38
8,

25
7 

(8
8.

0)
3,

09
7 

(8
7.

5)
3,

83
3 

(8
7.

8)
1,

12
5 

(9
0.

3)
20

2 
(8

6.
0)

 
 

 
 

> 
38

84
7 

(9
.0

)
34

7 
(9

.8
)

38
2 

(8
.8

)
90

 (7
.2

)
28

 (1
1.

9)
 

 
B

lo
od

 O
2 s

at
ur

at
io

n,
 %

 
 

 
 

< 
90

55
4 

(5
.9

)
26

4 
(7

.5
)

22
7 

(5
.2

)
55

 (4
.4

)
8 

(3
.4

)
< 

0.
00

1
 
 
 
 
≥ 
90

8,
83

5 
(9

4.
1)

3,
27

8 
(9

2.
5)

4,
13

9 
(9

4.
8)

1,
19

1 
(9

5.
6)

22
7 

(9
6.

6)
In

-h
os

pi
ta

l t
he

ra
pi

es
 

 
O

2 t
he

ra
py

5,
32

9 
(5

6.
8)

2,
01

6 
(5

6.
9)

2,
48

2 
(5

6.
8)

69
1 

(5
5.

5)
14

0 
(5

9.
6)

0.
64

5
 

 
N

as
al

 c
an

nu
la

/n
on

-r
eb

re
at

he
r

3,
72

7 
(3

9.
7)

1,
35

3 
(3

8.
2)

1,
78

4 
(4

0.
9)

48
4 

(3
8.

8)
10

6 
(4

5.
1)

0.
02

8
 

 
H

ig
h-

flo
w

 O
2

55
6 

(5
.9

)
25

5 
(7

.2
)

23
1 

(5
.3

)
57

 (4
.6

)
13

 (5
.5

)
< 

0.
00

1
 

 
N

on
-m

ec
ha

ni
ca

l v
en

til
at

io
n

58
8 

(6
.3

)
20

7 
(5

.8
)

27
5 

(6
.3

)
94

 (7
.5

)
12

 (5
.1

)
0.

16
5

 
 

Va
so

pr
es

so
r

59
2 

(6
.3

)
22

8 
(6

.4
)

26
5 

(6
.1

)
84

 (6
.7

)
15

 (6
.4

)
0.

82
2

Pr
im

ar
y 

ou
tc

om
e

 
 

C
om

po
si

te
 se

ve
re

 d
is

ea
se

1,
16

4 
(1

2.
4)

47
2 

(1
3.

3)
52

1 
(1

1.
9)

15
2 

(1
2.

2)
19

 (8
.1

)
0.

05
2

 
 

IC
U

-le
ve

l c
ar

e
1,

01
5 

(1
0.

8)
40

5 
(1

1.
4)

45
3 

(1
0.

4)
13

9 
(1

1.
2)

18
 (7

.7
)

0.
18

3
 

 
M

ec
ha

ni
ca

l v
en

til
at

io
n

45
8 

(4
.9

)
20

1 
(5

.7
)

19
2 

(4
.4

)
56

 (4
.5

)
9 

(3
.8

)
0.

04
7

 
 

D
ea

th
40

4 
(4

.3
)

17
4 

(4
.9

)
17

5 
(4

.0
)

48
 (3

.9
)

7 
(3

.0
)

0.
12

6

a F
or

 c
on

tin
uo

us
 v

ar
ia

bl
es

, m
ed

ia
ns

 (i
nt

er
qu

ar
til

e 
ra

ng
es

 (I
Q

R
s)

) a
nd

 m
ea

ns
 (s

ta
nd

ar
d 

de
vi

at
io

n 
(S

D
)) 

w
er

e 
pr

es
en

te
d.

 F
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
, f

re
qu

en
ci

es
 (p

er
ce

nt
ag

e)
 w

er
e 

pr
e-

se
nt

ed
. I

C
U

: i
nt

en
si

ve
 c

ar
e 

un
it.

Ta
bl

e 
2.

  D
em

og
ra

ph
ic

s,
 C

om
or

bi
di

tie
s,

 In
iti

al
 V

ita
l S

ig
ns

, I
n-

H
os

pi
ta

l T
he

ra
pi

es
, a

nd
 O

ut
co

m
es

 o
f A

dm
itt

ed
 P

at
ie

nt
s 

- 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org216

Bivalent COVID-19 Vaccines Improve Outcomes J Clin Med Res. 2024;16(5):208-219

the retrospective nature did not allow us to standardize the ra-
tionale for intubating patients, potentially limiting our ability 
to use this as a surrogate outcome. However, given that all pa-
tients were seen within the same hospital system, we feel that 
protocols and rationale for intubation were very similar among 

sites. We were also unable to account for reinfection given the 
lack of serological information and, therefore, were unable to 
evaluate this outcome. Several additional manuscripts with 
similar data acquisition methods have been published by the 
core investigative team [25, 26, 35].

Figure 2. Probability differences in composite outcomes and hospital admission by vaccination status, adjusted for baseline risk 
factors. Predictions are based on logistic regression models. Unadjusted model does not control for any covariate, adjusted age/
Elix controls for age and Elixhauser comorbidity index and fully adjusted further controls for sex, race pre-existing end-stage renal 
disease and if the patient was immunocompromised. Error bars represent 95% confidence intervals. Point estimates represent 
the difference in marginal effects of vaccination status on (a) composite outcome with boosted being the reference and (b) prob-
ability of hospital admission with boosted being the reference.
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Conclusions

Immunization with the updated bivalent mRNA formulations 
for the COVID-19 vaccines confer reduced risk of hospitaliza-
tion and severe outcomes compared to all other groups. Fur-
ther large-scale real-world research is needed to confirm our 
findings, particularly with newer variants.

Supplementary Material

Suppl 1. Regression analysis of composite outcome for fully 
adjusted, partially adjusted, and unadjusted cohorts.
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