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Background. Limited descriptive data exist regarding the clinical characteristics of hospitalizations due to the severe acute 
respiratory syndrome coronavirus 2 Omicron variant based on vaccination status.

Methods. This was a retrospective cohort study of all patients hospitalized with a diagnosis of coronavirus disease 2019 
(COVID-19) between 15 January 2022 and 15 February 2022 across 9 hospitals in a large health network. Data were extracted 
by manual records review.

Results. A total of 351 of 452 (77.7%) unvaccinated, 209 of 331 (63.1%) fully vaccinated, and 107 of 163 (65.6%) boosted patients 
hospitalized with a COVID-19 diagnosis were determined to be admitted specifically due to COVID-19 (P< .001). Most (85%) 
boosted patients admitted due to COVID-19 were at least 65 years old and/or had severe immunosuppression, compared to 
72.2% of fully vaccinated and 60.7% of unvaccinated patients (P< .001). Significantly more unvaccinated patients (34.2%) 
required >6 L/minute of supplemental oxygen compared to fully vaccinated (24.4%) and boosted (25.2%) patients (P= .027). 
The age-adjusted vaccine effectiveness (VE) against hospitalization due to COVID-19 was estimated to be 81.1% and 94.1% for 
full vaccination and boosted status, respectively, whereas VE against mortality related to COVID-19 was estimated to be 84.7% 
and 94.8%, respectively.

Conclusions. During the Omicron BA.1 sublineage wave, unvaccinated patients hospitalized with a COVID-19 diagnosis were 
more likely than vaccinated patients to be admitted specifically due to COVID-19. Despite being younger with fewer comorbidities, 
unvaccinated patients required higher levels of care. Vaccination with a booster provides the greatest protection against 
hospitalization and death from COVID-19.
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Vaccination against severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2) is an important public health tool to re
duce the risk of severe disease caused by coronavirus disease 
2019 (COVID-19). Since the emergence of the Omicron 
(B.1.1.529) variant, substantial escape from neutralizing anti
bodies induced by vaccination has been reported, particularly 
in individuals who have not received a booster dose [1]. This 
has resulted in observational data showing a reduction in vac
cine effectiveness (VE) against symptomatic infection [2]. 
Fortunately, despite a reduction in protection against infection, 

VE against severe disease remains mostly preserved [3–7]. 
These studies also highlight the importance of a booster dose 
to optimize VE against Omicron. A booster dose has also 
been shown to restore VE against invasive mechanical ventila
tion (IMV) and death to levels seen against prior variants of 
concern (VOCs) [8].

Compared to prior VOCs, the Omicron variant may be asso
ciated with less severe disease risk to an individual [9, 10]. 
Despite this finding of reduced disease severity, record hospital
izations occurred in the United States (US) from COVID-19 in 
January 2022 when the Omicron variant BA.1 sublineage consti
tuted nearly all new cases [11]. However, limited descriptive data 
exist of hospitalizations from COVID-19 due to the Omicron 
variant [12]. In particular, there has been much public debate re
garding how COVID-19 hospitalizations are classified—whether 
someone is hospitalized due to COVID-19 or admitted for an 
unrelated reason and diagnosed incidentally with COVID-19 
[13, 14]. This is often difficult to ascertain from electronic data 
extraction without manual records review.

We previously reported the clinical findings of postvaccina
tion hospitalizations from COVID-19 prior to the use of 
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booster doses in our large health network in western 
Pennsylvania during a 6-week period of the Delta (B.1.617.2) 
wave [15]. We estimated that 73% of admissions were due to 
symptomatic COVID-19 infections, and found that most 
(89.2%) fully vaccinated patients hospitalized due to 
COVID-19 were ≥65 years old and/or severely immunosup
pressed. In this current study, we report the clinical findings 
of hospitalizations during the Omicron variant BA.1 sublineage 
wave based on vaccination status.

METHODS

We conducted a retrospective cohort study of all patients ad
mitted with COVID-19 to 9 diverse western Pennsylvania hos
pitals, including both tertiary care and community-based 
hospitals, within the Allegheny Health Network (AHN) be
tween 15 January 2022 and 15 February 2022. Exempt status 
was granted by the AHN Institutional Review Board. Patients 
were identified using the electronic health record (EHR) by ex
tracting all patients with a positive SARS-CoV-2 test during the 
study time period, or if they had an active COVID-19 designa
tion by the AHN infection prevention department for patients 
diagnosed outside the health system. Patients were included if 
they had COVID-19 during their hospitalization. Patients were 
excluded for age <18 years, unknown vaccination status, vacci
nation with a vaccine not authorized for use in the US, or if they 
were admitted to an outside hospital (OSH) for >48 hours pri
or to transfer to an AHN facility. Patients are not routinely test
ed for SARS-CoV-2 on admission at AHN, but only tested per 
the discretion of the treating clinician, if a long-term care facil
ity protocol requires testing prior to placement, or if a depart
ment protocol requires testing prior to a procedure. For 
patients with multiple hospitalizations, each admission was re
viewed. Demographic information, vaccination data, comor
bidities, and clinical data were manually collected via review 
of the EHR, utilizing a standardized data collection instrument.

Each admission was manually reviewed by a study investiga
tor to make a determination if the admission was due to 
COVID-19 or if the patient was diagnosed incidentally and ad
mitted for an unrelated reason. Admissions were considered 
due to COVID-19 if a study investigator determined that 
COVID-19 played any role in the events causing a patient to 
present for care and/or the clinician(s) caring for the patient 
documented that the patient was admitted for COVID-19. 
When this determination was unclear, the primary study inves
tigator reviewed details of the case with a second study investi
gator blinded to the patient’s vaccination status, who then 
made the determination.

The primary aim was to describe the characteristics of per
sons admitted with COVID-19 based on vaccination status 
during a time period when nearly all cases in the US were 
due to the Omicron variant. Secondary aims included 

determining estimated SARS-CoV-2 VE against hospitalization 
from COVID-19, need for intensive care unit (ICU)–level care, 
IMV, all-cause mortality, and COVID-19–related mortality. 
VE was estimated using the formula [(attack rate unvaccinated 
– attack rate vaccinated) / (attack rate unvaccinated)] × 100 us
ing population vaccination data provided by the Pennsylvania 
Department of Health and Allegheny County Health 
Department [16, 17]. Mortality was defined as death during 
hospitalization or within 30 days of admission.

SARS-CoV-2 vaccination status was recorded, including the 
specific vaccine type (messenger RNA [mRNA]–1273 
[Moderna], BNT162b2 [Pfizer-BioNTech], or Ad.26.COV2.S 
[Janssen]) with vaccination dates. Patients were considered ful
ly vaccinated if symptom onset or positive SARS-CoV-2 testing 
was at least 14 days after their final dose of a primary series and 
they did not receive a booster dose. Patients were considered 
boosted immediately after receipt of an additional vaccine 
dose with either mRNA-1273 or BNT162b2 that occurred at 
least 2 months after a dose of Ad.26.COV2.S or 5 months after 
an mRNA vaccine, consistent with Centers for Disease Control 
and Prevention guidance [18]. Severe immunosuppression was 
defined as use of chronic immunosuppressive therapy (if corti
costeroids, equivalent of >20 mg prednisone daily), human im
munodeficiency virus with CD4 cell count <350 cells/µL, active 
malignancy with receipt of chemotherapy within the past year, 
or prior solid organ transplant or hematopoietic stem cell 
transplantation.

For comparison of continuous variables between 3 groups, 
nonnormal distribution was assumed and assessed using the 
Kruskal-Wallis rank-sum test. Days from last vaccine receipt 
to admission was assessed using the Wilcoxon rank-sum test 
given nonnormal distribution between the fully vaccinated 
and boosted groups. Differences between categorical variables 
were assessed using the χ2 test or Fisher exact test as appropri
ate. P< .05 was considered statistically significant. Statistical 
analysis was performed using R version 3.5.1 software (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 1089 patients were hospitalized with COVID-19 dur
ing the analysis period. Of those, 107 were excluded for the fol
lowing reasons: 87 had an unknown vaccination status, 13 were 
<18 years of age, 5 were admitted to an OSH for >48 hours pri
or to transfer, and 2 received a vaccine not authorized in the US 
(Figure 1). There were 452 unvaccinated patients, 331 fully vac
cinated patients who only completed a primary series, and 163 
boosted patients admitted with a COVID-19 diagnosis, of 
which 351 (77.7%), 209 (63.1%), and 107 (65.6%), respectively, 
were determined to be admitted due to COVID-19 (P< .001). 
Another 36 patients were only partially vaccinated and not in
cluded in data analysis. No patient in this study received a 
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second booster vaccine dose. The most common reasons for a 
COVID-19 diagnosis in hospitalizations determined to be non– 
COVID-19–related for unvaccinated, fully vaccinated, and 
boosted persons, respectively, were the following: tested during 
initial workup but admitted for an unrelated cause (40%, 43%, 
and 41%), testing for placement into another facility (26%, 34%, 
27%), and having a recent outpatient diagnosis of COVID-19 
but requiring admission for an unrelated cause (29%, 17%, 
25%). Other less common reasons for COVID-19 diagnoses in
cluded preprocedure testing and nosocomial exposure.

Baseline demographics and comorbidities of patients admit
ted due to COVID-19 can be found in Tables 1 and 2. 
Unvaccinated patients were significantly younger with fewer 
comorbidities. There were 17.1% of unvaccinated patients 
aged <50 years, compared to 7.2% of fully vaccinated and 
4.7% of boosted patients (P< .001). Boosted patients were the 
oldest and had the highest rates of severe immunosuppression. 
We found that 85% of boosted patients were at least 65 years old 
and/or had severe immunosuppression, compared to 72.2% of 
fully vaccinated and 60.7% of unvaccinated patients (P< .001). 
All 3 groups had similar low rates of prior documented infec
tion with SARS-CoV-2. Eleven of the 12 pregnant patients ad
mitted due to COVID-19 were unvaccinated. More patients in 
the fully vaccinated group completed their primary series with 
Ad.26.COV2.S compared to those boosted (11% vs 2.8%, 
P< .001). Fully vaccinated patients had a median of 280 days 

between last vaccine dose and admission compared to 
90 days for boosted patients (P< .001).

Clinical characteristics of patients admitted due to 
COVID-19 can be found in Table 3. The median length of 
stay was similar among the 3 groups. All 3 groups had similar 
rates of pulmonary symptoms, but 34.2% of unvaccinated pa
tients required >6 L/minute of supplemental oxygen via nasal 
cannula, which was significantly higher than the 24.4% of fully 
vaccinated and 25.2% of boosted patients (P= .027). Although 
not statistically significant, unvaccinated patients had the high
est rate of ICU-level care. Of the 13 patients aged <50 years who 
required ICU-level care, 12 were unvaccinated. Mortality rates 
were similar between the 3 groups. All 4 deaths that occurred in 
patients aged <50 years were among unvaccinated patients.

Estimations of VE against hospitalization from COVID-19, 
need for ICU care, IMV, and mortality by different age groups 
can be found in Table 4. The age-adjusted VE against hospital
ization from COVID-19 for the entire cohort was estimated to 
be 81.1% and 94.1% for full vaccination and boosted status, re
spectively, while VE against mortality related to COVID-19 was 
estimated to be 84.7% and 94.8%, respectively.

DISCUSSION

During this study period, a record number of COVID-19 hos
pitalizations occurred in the US [11]. However, limited 

Figure 1. Patient screening. Abbreviations: COVID-19, coronavirus disease 2019; OSH, outside hospital; US, United States.
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descriptive data exist regarding the clinical characteristics of 
these hospitalizations based on vaccination status, as well as 
how many patients were admitted either due to COVID-19 
or incidentally found to have COVID-19 while being admitted 
for an unrelated cause. Prior to the Omicron wave (and mostly 
prior to the Delta wave), an estimated 60%–84% of 1123 
COVID-19 hospitalizations across 4 US centers were deter
mined to be admissions specifically for COVID-19 [19]. 
During a 6-week period of the Delta wave prior to booster dos
es, our center estimated that 73% of postvaccination admis
sions were due to symptomatic COVID-19 infections [15]. Of 
131 admissions to a Los Angeles, California, center during 
the early Omicron wave, an estimated 80.2% were likely due 
to COVID-19 [12]. In this study during the Omicron variant 
BA.1 sublineage wave, we report the largest manually retrieved 
data set to our knowledge reporting admissions due to 
COVID-19, and found that unvaccinated patient admissions 
were significantly more likely to be due to COVID-19 com
pared to vaccinated patient admissions. We estimated that 
77.7%, 63.1%, and 65.6% of admissions were due to 
COVID-19 in unvaccinated, fully vaccinated, and boosted indi
viduals, respectively. These findings are likely a result of vacci
nation leading to higher rates of asymptomatic and 
paucisymptomatic infection [20], which could explain why 
the proportion of non–COVID-19–related hospitalizations 

would be higher in vaccinated individuals. As more of the pop
ulation gets vaccinated, these data are important to help con
textualize how often postvaccination hospitalizations are 
actually incidental and not a failure of vaccination against se
vere disease.

We found that patient characteristics of hospitalized patients 
also differed based on vaccination status. Boosted individuals 
were the oldest with the highest rates of severe immunosup
pression. We found that 85% were at least 65 years old and/ 
or had severe immunosuppression, compared to 72.2% of fully 
vaccinated and 60.7% of unvaccinated patients. This was not an 
unexpected finding since vaccination, especially with a booster 
dose, significantly reduces the risk of severe disease from the 
Omicron variant, though highly vulnerable people may still 
be at risk [3–8]. We estimated the age-adjusted VE against hos
pitalization for the entire cohort to be 81.1% and 94.1% for full 
vaccination and boosted status, respectively. Despite this risk 
reduction, elderly and severely immunosuppressed patients 
may still be at an increased risk for severe disease leading to 
hospitalization despite 1 booster dose, and may benefit from 
an additional booster dose [21]. Conversely, unvaccinated pa
tients did not need to be highly vulnerable to develop severe 
disease from COVID-19. We found that 17.1% of unvaccinated 
patients admitted due to COVID-19 were aged <50 years, com
pared to 7.2% of fully vaccinated and 4.7% of boosted patients. 

Table 1. Baseline Demographics of Patients Admitted due to Coronavirus Disease 2019

Characteristic Unvaccinated (n = 351) Fully Vaccinated (n = 209) Boosted (n = 107) P Value

Age, y, median (IQR) 67 (56–76) 70 (61–79) 72 (64–84) <.001

<29 17 (4.8) 2 (1) 0 .004

30–39 19 (5.4) 4 (1.9) 1 (0.9) .031

40–49 24 (6.8) 9 (4.3) 4 (3.7) .338

50–59 52 (14.8) 25 (12) 8 (7.5) .126

60–69 84 (23.9) 63 (30.1) 30 (28) .254

70–79 89 (25.4) 55 (26.3) 28 (26.2) .964

≥80 66 (18.8) 51 (24.4) 36 (33.6) .005

Gender, female 191 (54.6) 104 (49.8) 41 (38.3) .014

Race/ethnicity .313

White 306 (87.2) 194 (92.8) 100 (93.5)

Black 36 (10.3) 14 (6.7) 6 (5.6)

Hispanic 3 (0.9) 1 (0.5) 0

Asian/Pacific Islander 2 (0.6) 0 1 (0.9)

Other/unknown 4 (1.1) 0 0

Documented prior infection with SARS-CoV-2 16 (4.6) 11 (5.3) 7 (6.5) .71

Primary vaccine series .018

BNT162b2 … 119 (56.9) 73 (68.2)

mRNA-1273 … 67 (32.1) 31 (29)

Ad.26.COV2.S … 23 (11.0) 3 (2.8)

Booster dose

BNT162b2 … … 77 (72)

mRNA-1273 … … 30 (28)

Days from last vaccine dose to admission, median (IQR) … 280 (228–314) 90 (65–111) <.001

Data are presented as No. (%) unless otherwise indicated. P values with bold font indicate statistical significance.  

Abbreviations: IQR, interquartile range; mRNA, messenger RNA; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

4 • OFID • Moffa et al



Only 5.1% of unvaccinated patients were severely immunosup
pressed, compared to 17.2% and 28% of fully vaccinated and 
boosted patients, respectively. Vaccination has also been shown 
to be safe and to reduce severe disease in pregnancy [22, 23]. Of 
the 12 pregnant patients admitted due to COVID-19 during the 
study time period, all but 1 were unvaccinated.

All 3 cohorts had similar hospital lengths of stay as 
well as rates of pulmonary symptoms and hypoxia, though un
vaccinated patients required higher levels of care. Significantly 
more unvaccinated patients required >6 L/minute of supple
mental oxygen via nasal cannula compared to vaccinated pa
tients, and although not statistically significant, favored toward 

higher rates of ICU-level care. This is despite unvaccinated pa
tients being significantly younger with fewer comorbidities and 
less severe immunosuppression. Unvaccinated patients consti
tuted 12 of the 13 cases aged <50 years requiring ICU-level 
care, and all 4 deaths that occurred in patients aged <50 years 
were among unvaccinated patients. Although mortality rates 
were similar among hospitalized patients regardless of vaccina
tion status, the age-adjusted VE against mortality related to 
COVID-19 was estimated to be 84.7% and 94.8% for full vacci
nation and boosted status, respectively. We estimate it was 3.6 
times less likely for a fully vaccinated person and 7.8 times less 
likely for a boosted person in the general population from our 

Table 2. Baseline Comorbidities of Patients Admitted due to Coronavirus Disease 2019

Comorbidity
Unvaccinated  

(n = 351)
Fully Vaccinated  

(n = 209)
Boosted 
(n = 107) P Value

BMI, kg/m2, median (IQR) 29.7 (25.6–35.1) 28.2 (24.3–34.2) 27.9 (24.2–33.4) .121

Former/current smoker 183 (52.1) 116 (55.5) 65 (60.7) .455

Severe immunosuppression 18 (5.1) 36 (17.2) 30 (28) <.001

Solid organ transplant recipient 7 (2) 12 (5.7) 5 (4.7)

Autoimmune disease on immunosuppressive therapy 5 (1.4) 7 (3.3) 4 (3.7)

Hematologic malignancy with receipt of chemotherapy in past year 3 (0.9) 7 (3.3) 12 (11.2)

Active cancer with receipt of chemotherapy in past year 3 (0.9) 9 (4.3) 8 (7.5)

HSCT within the past year 0 1 (0.5) 0

Other diagnosis on immunosuppressive therapy 0 0 1 (0.9)

Cardiovascular disease 268 (76.4) 178 (85.2) 100 (93.5) <.001

Diabetes mellitus 123 (35) 70 (33.5) 38 (35.5) .913

Chronic lung disease 94 (26.8) 75 (35.9) 40 (37.4) .027

Chronic kidney disease 47 (13.4) 46 (22) 27 (25.2) .004

Cancer and/or hematologic malignancy without receipt of chemotherapy in past year 29 (8.3) 26 (12.4) 23 (21.5) <.001

Dementia 17 (4.8) 19 (9.1) 12 (11.2) .037

Chronic liver disease 12 (3.4) 11 (5.3) 7 (6.5) .275

Autoimmune disease without active immunosuppressive therapy 10 (2.8) 10 (4.8) 9 (8.4) .047

Pregnant 11 (3.1) 1 (0.5) 0 .031

Data are presented as No. (%) unless otherwise indicated. P values with bold font indicate statistical significance.  

Abbreviations: BMI, body mass index; HSCT, hematopoietic stem cell transplant; IQR, interquartile range.

Table 3. Clinical Course of Patients Admitted due to Coronavirus Disease 2019

Clinical Course
Unvaccinated 

(n = 351) Fully Vaccinated (n = 209)
Boosted 
(n = 107) P Value

Presence of pulmonary symptoms 291 (82.9) 177 (84.7) 83 (77.6) .281

Required≤6 L/minute supplemental oxygen via nasal cannula 231 (65.8) 158 (75.6) 80 (74.8) .027

Room air/no supplemental oxygen 93 (26.5) 52 (24.9) 31 (29)

1–2 L/minute via nasal cannula (or 1–2 L/minute above baseline) 72 (20.5) 36 (17.2) 19 (17.8)

3–6 L/minute via nasal cannula (or 3–6 L/minute above baseline) 66 (18.9) 70 (33.5) 30 (28)

Required >6 L/minute supplemental oxygen via nasal cannula 120 (34.2) 51 (24.4) 27 (25.2) .027

High-flow nasal cannula or noninvasive positive pressure ventilation 78 (22.3) 33 (15.8) 16 (15)

Mechanical ventilation 42 (12) 18 (8.6) 11 (10.3)

Required ICU-level care 93 (26.5) 39 (18.7) 21 (19.6) .069

Length of stay (all patients), d, median (IQR) 4.2 (1.9–9) 3.6 (1.8–7) 4 (2.1–7.7) .358

Length of stay (survivors), d, median (IQR) 3.8 (1.8–7.9) 3.2 (1.8–6.4) 4 (2.1–7.4) .353

Mortality, any cause 48 (13.7) 27 (12.9) 12 (11.2) .802

Mortality, due to COVID-19 43 (12.3) 22 (10.5) 11 (10.3) .762

Data are presented as No. (%) unless otherwise indicated. P values with bold font indicate statistical significance.  

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit; IQR, interquartile range.
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region to die from COVID-19 during this study period com
pared to an unvaccinated person.

There are several important limitations to our study. Despite 
collecting data from 9 diverse hospitals, they are all located in 
western Pennsylvania, which may limit generalizability to other 
regions. Our health system does not routinely test for 
SARS-CoV-2 on every admission, which may result in a higher 
proportion of hospitalizations estimated to be due to 
COVID-19 when compared to other systems that do universal 
testing. It is also possible that clinicians may be biased to test un
vaccinated patients more than vaccinated patients, which could 
have impacted our results. While manual records review intro
duces some level of subjectivity as to whether an admission is re
lated to COVID-19, we believe the additional information 
available with this method makes it more accurate compared to 
reliance on electronic data extraction and billing diagnosis codes. 
Reliance on the EHR to determine vaccination status can also be 
inaccurate [24]. By manually reviewing all records, we were able 
to identify patients who were vaccinated but did not have their 
records updated in the EHR and would have thus been consid
ered unvaccinated. Despite this method, there were still 87 admis
sions that had incomplete vaccination statuses and were 
excluded. As our center did not perform sequencing on patient 
samples to confirm infection with the Omicron variant, we select
ed 15 January 2022 as the start of our data collection since the pre
ceding 2 weeks saw the Omicron variant constitute nearly all 
cases in the US, thus limiting the possibility of capturing a patient 
infected with the Delta variant [11]. Also, there were 2 patients 
who were considered boosted and were admitted to the hospital 
within 7 days of their booster dose. It is unlikely that they had a 
complete immunologic effect of a booster dose. Last, our analysis 

did not account for outpatient or inpatient therapeutics. As a 
result, it is unclear what impact therapeutics may have had on 
patient clinical courses based on vaccination status.

Table 4. Estimated Vaccine Effectiveness Against Hospitalization, Need for Intensive Care, Mechanical Ventilation, All-Cause Mortality, and Coronavirus 
Disease 2019 (COVID-19)–Related Mortality Among Patients Admitted due to COVID-19

Age, y
Vaccination  

Status
VE Against  

Hospitalization, %

VE Against  
ICU-Level  
Care, %

VE Against  
IMV, %

VE Against  
All-Cause  

Mortality, %

VE Against  
COVID-19–Related  

Mortality, %

≥80 Primary series 76.8 83.3 82.8 83.1 86

Boosted 91.3 96.5 97.7 94.1 93.7

70–79 Primary series 87.3 87.7 91.5 89.1 91.8

Boosted 97.5 99 98.7 98.9 99.5

60–69 Primary series 76.6 85.6 68.8 53.2 50

Boosted 93.8 93.3 89.1 91.3 89.5

50–59 Primary series 69.4 89.4 90.9 89.4 87.3

Boosted 91 85.3 83.3 90.2 88.3

40–49 Primary series 78 100 100 100 100

Boosted 88.6 83 65.9 100 100

30–39 Primary series 87.4 NA NA NA NA

Boosted 95.2 NA NA NA NA

≤29 Primary series 91.9 100 100 100 100

Boosted 100 100 100 100 100

All (age-adjusted) Primary series 81.2 91.9 89.1 85.2 84.7

Boosted 94.1 92.2 88 95.5 94.8

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit; IMV, invasive mechanical ventilation; NA, not applicable; VE, vaccine effectiveness.

CONCLUSIONS

In this study, we report the clinical findings of hospitalizations 
during the Omicron variant BA.1 sublineage wave based on vac
cination status. We found that unvaccinated patients diagnosed 
with COVID-19 were significantly more likely to be admitted 
specifically due to COVID-19 compared to fully vaccinated pa
tients with or without a booster dose. Unvaccinated patients 
were younger, with fewer comorbidities and less severe immuno
suppression, but required more intensive oxygen supplementa
tion and, although not statistically significant, favored toward 
higher rates of ICU-level care. The age-adjusted VE against hos
pitalization from COVID-19 for the entire cohort was estimated 
to be 81.1% and 94.1% for full vaccination and boosted 
status, respectively, whereas VE against mortality related to 
COVID-19 was estimated to be 84.7% and 94.8%, respectively. 
Vaccination with a booster provides the greatest protection 
against hospitalization and death from COVID-19.

Notes
Patient consent. Our study does not include factors necessitating patient 

consent. Exempt status was granted by the Allegheny Health Network 
Institutional Review Board.

Potential conflicts of interest. T. L. W. has received consulting fees from 
Accelerate Diagnostics. D. R. C. is a member of the speaker’s bureau for 
Merck. All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con
tent of the manuscript have been disclosed.
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