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Abstract

Introduction COVID-19 disease resulted in over six million deaths worldwide. Although vaccines against SARS-CoV-2
demonstrated efficacy, breakthrough infections became increasingly common. There is still a lack of data regarding
the severity and outcomes of COVID-19 among vaccinated compared to unvaccinated individuals.

Methods This was a historical cohort study of adult COVID-19 patients hospitalized in five Ascension hospitals in
southeast Michigan. Electronic medical records were reviewed. Vaccine information was collected from the Michigan
Care Improvement Registry. Data were analyzed using Student’s t-test, analysis of variance, the chi-squared test, the
Mann-Whitney and Kruskal-Wallis tests, and multivariable logistic regression.

Results Of 341 patients, the mean age was 57.9+ 18.3 years, 54.8% (187/341) were female, and 48.7% (166/341) were
black/African American. Most patients were unvaccinated, 65.7%, 8.5%, and 25.8% receiving one dose or at least two
doses, respectively. Unvaccinated patients were younger than fully vaccinated (p=0.001) and were more likely to be
black/African American (p=0.002). Fully vaccinated patients were 5.3 times less likely to have severe/critical disease
(WHO classification) than unvaccinated patients (p <0.001) after controlling for age, BMI, race, home steroid use, and
serum albumin levels on admission. The case fatality rate in fully vaccinated patients was 3.4% compared to 17.9% in
unvaccinated patients (p=0.003). Unvaccinated patients also had higher rates of complications.

Conclusions Patients who were unvaccinated or partially vaccinated had more in-hospital complications, severe
disease, and death as compared to fully vaccinated patients. Factors associated with severe COVID-19 disease
included advanced age, obesity, low serum albumin, and home steroid use.
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Introduction

As of August 16, 2023, Severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) led to 769,774,646
confirmed cases of COVID-19 and 6,955,141 deaths
worldwide [1]. Since its declaration as a pandemic in
March 2020, tremendous efforts have been put into
developing therapies and vaccines to end the COVID-19
pandemic. In December 2020, a multinational, placebo-
controlled, observer-blinded trial studied the efficacy
and safety of the Pfizer-BioNTech vaccine in 43,548 par-
ticipants. Among 170 cases of COVID-19 detected seven
days after administering the second dose, eight patients
were in the vaccine group, corresponding to 95% vaccine
efficacy [2]. Another observer-blind, placebo-controlled
trial conducted in the United States with 30,420 par-
ticipants showed 94.1% efficacy of the mRNA-1273 vac-
cine [3]. In December 2020, two mRNA vaccines against
SARS-CoV-2 from Moderna and Pfizer-BioNTech were
authorized for emergency use by the Food and Drug
Administration (FDA), followed by another viral vector
vaccine from Johnson and Johnson in February 2021 [4].
On August 23, 2021, the two-dose Pfizer-BioNTech vac-
cine series (Comirnaty®) was approved by the FDA for the
prevention of COVID-19 disease in individuals five years
of age and older with a third primary dose for individuals
who were immune compromised [5]. This was followed
by the approval of the Moderna vaccine (Spikevax®) on
January 31, 2022 [6]. Both approved vaccines were mon-
ovalent vaccines. Currently the bivalent Pfizer-BioNTech
and Moderna vaccines are administered as primary
vaccinations [5, 6]. Several studies demonstrated vac-
cine efficacy; however, the frequency of breakthrough
COVID-19 infections started to increase. As of April 30,
2021, a total of 10,262 vaccine breakthrough infections
were reported among the 101 million persons who were
fully vaccinated persons at that time in the United States
[7]. Another study conducted during January-April 2021
from Israel reported a rate of breakthrough infection of
about 0.4% among symptomatic healthcare workers or
those who had a known exposure to COVID-19 [8]. A
retrospective study done in New York, USA, found the
incidence of breakthrough infection to be 0.16 per 1,000
person-days. Males were more likely than females to have
breakthrough infections. Chronic pulmonary disease,
heart disease, immune deficiency, advanced age, anemia,
and illicit drug use were among the risk factors associ-
ated with breakthrough infections [9-11]. Black race was
associated with a lower risk of developing breakthrough
COVID-19 infection [10]. Individuals who received the
Moderna vaccine were at a lower risk of breakthrough
infections than those who received the Pfizer-BioNTech
vaccine in multiple studies. However, the effectiveness of
both vaccines diminished over time [9-12].
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In a systematic review of 969 patients who were hospi-
talized with COVID-19 infection, 797 were unvaccinated,
103 received only one dose of either the Moderna or
Pfizer vaccines, 15 patients completed the vaccine series
but were diagnosed less than 14 days after vaccination,
and 54 patients were fully vaccinated [13]. In addition,
population data from 14 US states on adults 65 years or
older showed that among 7,280 COVID-associated hos-
pitalizations, 75% of the cases were unvaccinated, 12%
were partially vaccinated, and 5% were fully vaccinated
[14]. Patients who were vaccinated and hospitalized with
COVID-19 infection were more likely to be immune-
compromised or have hypertension, diabetes, coronary
artery disease, or chronic kidney disease [15].

A limited number of studies have described the char-
acteristics of fully vaccinated patients with vaccine
breakthrough infection. Of 371 patients admitted with
COVID-19 infection, 82 out of 132 (62.1%) fully vac-
cinated individuals met the criteria for severe or critical
COVID-19 infection [16]. Among hospitalized patients
receiving two doses of the Pfizer-BioNTech vaccine, 66%
required oxygen, and 13% required mechanical venti-
lation, with a mortality rate of 22% [17]. In a review of
outcomes of 91 patients with breakthrough infections, 75
were partially vaccinated, and 16 were fully vaccinated.
Of 91 vaccinated patients hospitalized with COVID-19,
14% required ICU admission [18]. Four of the 75 partially
vaccinated and four of the 16 fully vaccinated patients
died or were discharged to hospice [18]. There is still a
lack of data comparing the clinical severity of COVID-19
infection and its outcomes among vaccinated individuals
to those who were partially vaccinated or unvaccinated.

This study aimed to evaluate how the clinical features,
risk factors, disease severity, and outcomes varied by vac-
cination status among individuals with COVID-19 infec-
tions requiring hospitalization.

Materials and methods

Study design

This investigation was a multicenter historical cohort
study done by retrospective chart review. We reviewed
the electronic medical records of hospitalized adult
patients with a laboratory-confirmed diagnosis of
COVID-19 from December 15, 2020, to October 29,
2022, at five Ascension Hospitals in southeast Michigan.
Cases were identified using COVID-19-related ICD-10
codes and from the infection control database. ICD-10
codes included any of the following: U07.1, U07.2, J12.89,
J20.8, J40, J22, J98.8 and J80 in conjunction with B97.29.
Vaccination status was obtained through the Michigan
Care Improvement Registry (MCIR) on the patient’s elec-
tronic medical chart. The Ascension Institutional Review
Board approved the study.
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Data collection

Data collection included demographic data (age, race,
and sex), body mass index (BMI), comorbidities, COVID-
19 vaccination history, treatments given, in-hospital mor-
tality, and length of hospitalization. Comorbid conditions
were used to calculate the Charlson Comorbidity index
[19]. We reviewed the medical records for patients’ clini-
cal symptoms and signs, medications, laboratory findings
on admission, and radiological assessments at hospital
admission. Outcome measures, including length of hos-
pital stay, intensive care unit (ICU) admission, length of
ICU stay, and discharge disposition were also collected.

Definitions

A confirmed case of COVID-19 was defined as a posi-
tive test result from a real-time reverse-transcrip-
tase-polymerase-chain-reaction (RT-PCR) assay of
nasopharyngeal swab specimens. “Fully vaccinated”
described individuals two weeks after receiving two doses
of monovalent Moderna or Pfizer-BioNTech vaccines
or one dose of the Johnson and Johnson vaccines. “Par-
tially vaccinated” described individuals two weeks after
receiving one dose of the monovalent Moderna or Pfizer-
BioNTech vaccine or less than 14 days after receiving the
second dose of the monovalent Moderna or Pfizer-BioN-
Tech vaccine or a single dose of the Johnson and Johnson
vaccine [15]. “Unvaccinated individuals” had not received
any vaccines against COVID-19 or less than 14 days after
receiving the first dose of monovalent Moderna or Pfizer-
BioNTech. “Breakthrough infection” describes the diag-
nosis of COVID-19 infection more than two weeks after
being fully vaccinated. The degree of severity of COVID-
19 (mild, moderate, severe, and critical) was determined
using the WHO COVID-19 severity scale [20]. Patients
with mild disease were symptomatic without evidence of
viral pneumonia or hypoxia; patients with the moderate
disease showed clinical signs of viral pneumonia but had
oxygen saturation measured by a pulse (SpO,)=90% on
room air; patients with the severe disease showed clinical
signs for viral pneumonia plus either respiratory rate>30
breaths per minute or had oxygen saturation measured
by pulse oximetry (SpO,)<90% on room air; patients
with critical disease met criteria’s for acute respiratory
distress syndrome (ARDS) or had acute life-threatening
organ dysfunction with either the presence of altered
mental status (delirium), evidence of pulmonary embo-
lism, laboratory evidence of coagulopathy, or a require-
ment for mechanical ventilation.

COVID-19 pneumonia was defined as an acute respira-
tory disorder meeting at least three out of four criteria:
respiratory signs/symptoms (cough/ dyspnea/ tachy-
pnea), fever, oxygen saturation below 94%, and abnor-
mal chest x-ray at hospital admission. Fever was defined
as an axillary temperature of 37.5 °C or higher. Renal
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impairment was defined as mild if serum creatinine was
1.5-2-fold higher than baseline or severe if it was 2-fold
higher than baseline or if the patient received hemodialy-
sis or peritoneal dialysis. Patients with home steroid use
were those receiving a steroid dose equivalent to at least
15 mg of prednisone per day for at least seven days con-
secutively before the time of hospitalization.

Statistical analysis

Descriptive statistics were calculated to characterize
the study group. Continuous variables were described
with the mean and standard deviation or median with
interquartile range (IQR). Categorical variables were
described as frequency distributions. Univariable analy-
sis was done using Student’s t-test to compare two inde-
pendent means with normal distributions and analysis
of variance followed by multiple pairwise comparisons
using the Bonferroni correction of the p-value for the
comparison of three or more independent means with
normal distributions. (In any data tables, the results of
the Bonferroni-corrected comparisons are shown only
when the overall F test had a p-value less than 0.05).
When continuous data were non-normally distributed,
comparing two distributions was done using the Mann-
Whitney U test and the comparison of three or more dis-
tributions using the Kruskal-Wallis test. The chi-squared
test of independence was used to assess the association
between two categorical variables. Univariable analysis
was done using both the four-category WHO severity
scale (mild, moderate, severe, critical) and a two-cate-
gory scale composed of mild/moderate and severe/criti-
cal. The results from the four-category and two-category
univariable analyses were similar. Multivariable analysis
was done using binary logistic regression. For the multi-
variable analysis, the results from the univariable analy-
sis of the two-category scale were used (data not shown).
All data were analyzed using SPSS v. 29.0, and a p-value
less than 0.05 was considered to indicate statistical
significance.

Results

We included 341 patients admitted with COVID-19
infection, with a mean age of 57.9%+18.3 years, 54.8%
(187/341) female, and 48.7% (166/341) black/African
American. Of these patients, 65.7% (224/341) were
unvaccinated, 8.5% (29/341) had received one dose,22%
(75/341) had received two doses, and 3.8% (13/341) had
received three doses. The mean BMI of the cohort was
31.7410.1, and the median Charlson weighted index of
comorbidity (CWIC) score was 0.0 (IQR 0.0, 2.0). The
mean length of stay among the cohort was 6.7+5.7 days.
Mild disease was present in 29% of patients (99/341),
26.4% (90/341) had moderate disease, 33.4% (114/341)
had severe, and 11.1% (38/341) had critical COVID
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infection based on the WHO categorization at the time
of hospitalization. Forty-two patients (12.3%) required
mechanical ventilation, 46 patients (13.5%) died dur-
ing admission, and 22 (6.5%) required readmission to
one of the study hospitals within 30 days of their initial
discharge.

When comparing the characteristics of patients in the
three vaccination groups (Table 1), unvaccinated patients
were younger than fully vaccinated (p<0.001) patients
and were more likely to be black/African American
(p=0.002). While unvaccinated and partially vaccinated
patients were more likely to have private insurance, fully
vaccinated patients were more likely to have public insur-
ance (Medicare) (p=0.04). Partially vaccinated patients
had significantly higher mean BMI levels (p<0.001) than
fully vaccinated and unvaccinated individuals. Obesity
was present in 53% (181/341) of patients, and there was
no significant difference in the distribution of obesity
between the three vaccination groups. Fully vaccinated
patients were more likely to have heart failure (18.2%)
(p=0.01), hypertension (72.7%) (p=0.01), renal disease
(22.7%) (p<0.001), and malignancy (14.8%) (p=0.05)
than partially vaccinated and unvaccinated patients.
There was no statistically significant difference in the
other comorbidities among the three groups.Over one-
third of partially vaccinated patients were self-reported
current smokers (37.9%) compared to 12.5% of unvac-
cinated patients and 18.2% of fully vaccinated patients
(p=0.002).

Table 1 describes the clinical features observed upon
admission. Fully vaccinated patients had lower heart
rates on admission (p=0.002) compared to unvaccinated
patients. Other vital signs, including temperature, respi-
ratory rate, oxygen saturation, and blood pressure, were
similar in the three groups. There were no significant
differences in oxygen requirements at admission by vac-
cination group; however, at 24 h, the need for O, supple-
mentation was 60.3% in the unvaccinated group, 55.2% in
the partially vaccinated group, and 43.2% in the fully vac-
cinated group (p=0.024). Fully vaccinated patients had
lower mean hemoglobin (p=0.05) and total protein levels
(p=0.01) compared to unvaccinated patients. No differ-
ences between the three groups were observed in white
blood cell counts, platelet counts, and C-reactive protein
(CRP) levels. Creatinine phosphokinase (CPK), troponin,
ferritin, and d-dimer levels were excluded from the analy-
sis because many patients did not have these laboratory
tests done.

Chest x-rays were done at the time of hospitalization
in 88.8% (199/224) unvaccinated patients, 86.2% (25/29)
partially vaccinated patients, and 90.9% (80/88) fully vac-
cinated patients. Of the 199 unvaccinated patients who
had chest x-rays done, 71.1% had abnormal chest x-rays
on admission compared to 48.8% in fully vaccinated and

Page 4 of 10

64% in partially vaccinated patients (p=0.002) (Table 1).
The most common chest x-ray finding was patchy bilat-
eral infiltrates present in 44.4% (135/304) of all patients
who had x-rays done. A total of 135 patients had com-
puted tomography (CT) imaging of the chest done
on admission, of which 71.1% (96/135) were unvac-
cinated, 6.7% (9/135) were partially vaccinated, and
22.2% (30/135) were fully vaccinated (p=0.2). Among
unvaccinated patients who had a CT scan done, 92.7%
had abnormal results compared to 71% in the fully vac-
cinated and 77.8% in the partially vaccinated patients
(p=0.006). The most common chest CT findings across
all groups were ground glass opacities, 34.6% (47/135),
and patchy bilateral infiltrates, 30.1% (41/135). Forty out
of 47 patients with ground glass opacities and 32 out of
41 patients with patchy bilateral infiltrates were in the
unvaccinated group.

Severe and critical disease on admission based on
the WHO classification (Fig. 1.) was observed in 50.4%
of unvaccinated patients compared to 48.3% of par-
tially vaccinated patients, and 28.4% of fully vaccinated
patients (p=0.002). Overall, fully vaccinated individuals
had fewer complications and required fewer interven-
tions during their hospital stay than unvaccinated and
partially vaccinated individuals (Table 2). Partially vac-
cinated patients were more likely to require mechanical
ventilation (p=0.003) and ICU admission (p=0.01) than
unvaccinated and fully vaccinated individuals. Unvacci-
nated patients were more likely to develop septic shock
(p=0.05) and ARDS (p=0.03) compared to partially and
fully vaccinated patients. Most unvaccinated patients
required steroids during their hospital stay compared to
partially vaccinated patients and fully vaccinated patients
(p<0.001). Partially vaccinated patients were more likely
to receive Remdesivir than unvaccinated and fully vac-
cinated patients (p<0.001). Unvaccinated patients were
more likely to receive IL-6 inhibitors (p=0.04) than par-
tially and fully vaccinated patients. Higher readmission
rates were observed in fully vaccinated patients com-
pared to unvaccinated and partially vaccinated patients;
however, this difference was not statistically significant
(p=0.4). The case fatality rate in fully vaccinated patients
was significantly lower than in unvaccinated and partially
vaccinated patients.

When assessing risk factors associated with the sever-
ity of COVID-19 disease (Table 3), patients with severe
disease were significantly older than those with mild
disease (p=0.004), and a patient with severe disease
tended to have a higher BMI than those with mild disease
(p=0.06). Fully vaccinated patients and patients of black/
African American race were significantly more likely to
have mild or moderate disease at the time of hospitaliza-
tion. Fully vaccinated black/ African American patients
were less likely to have severe disease compared to fully
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Table 1 Characteristics of fully vaccinated, partially vaccinated, and unvaccinated hospitalized COVID-19 patients

Characteristic Vaccination Status p-value
A. Unvaccinated B. Partially Vaccinated C. Fully Vaccinated
(n=224) (n=29) (n=88)

Mean age (years) 548+186 58.7+159 6544159 Avs. C*<0.001

Sex 0.1

Male 41.1% (92) 51.7% (15) 53.4% (47)

Female 58.9% (132) 48.3% (14) 46.6% (41)

Race 0.002

White 39.7% (89) 37.9% (11) 62.5% (55)

Black/African American 52.2%(117) 58.6% (17) 36.4% (32)

Other 8% (18) 34% (1) 1.1% (1)

Insurance Type 0.041

Commercial 129 (57.6%) 15(51.7%) 35 (39.8%)

Medicare 81 (36.2%) 12 (41.4%) 49 (55.7%)

Medicaid 14 (6.3%) 2 (6.9%) 4 (4.5%)

Mean body mass index 31.1+93 389+17.1 30.8+7.8 Bvs. A;
Bvs. C.
<0.001

Obesity (n=181) 114 (50.9%) 18 (62.1%) 49 (55.7%) 04

Median CWIC 0.0 (0.0,1.75) 1.0(0.0,1.0) 1.0 (0.0,3.0) <0.001

Prior Ml (n=43) 25(11.2%) 2 (6.9%) 6 (18.2%) 0.2

CHF (n=34) 16( 1) 2 (6.9%) 6 (18.2%) 0.01

PVD (n=56) 2(14.3) 5(17.2%) 9 (21.6%) 03

CVD (n=76) 44(19.6) 6(20.7) (29 5) 0.2

Diabetes without complications (n=76) 46 (20.5%) 10 (34.5%) 0(22.7%) 0.2

Diabetes with complications (n=30) 17 (7.6%) 2 (6.9%) 1(12.5%) 04

Asthma (n=28) 18 (8%) 4(13.8%) (6 8%) 04

COPD (n=47) 31 (13.8%) 5(17.2%) 1 (12.5%) 0.8

Renal disease (n=40) 19 (8.5%) 1 (3.4%) 20 (22.7%) <0.001

Dementia (n=21) 12 (5.4%) 1 (3.4%) 8(9.1%) 04

Any malignancy (n=29) 14 (6.3%) 2 (6.9%) 13 (14.8%) 0.05

HIV (n=6) 3(1.3%) 1(3.4%) 2(2.3%) 0.7

Hypertension (n=203) 124 (55.4%) 15 (51.7%) 64 (72.7%) 0.013

Steroid Use at home (n=10) 70% (7) 0% (0) 30% (3) -

Current Smoker (n=55) 28 (12.5%) 11 (37.9%) 16 (18.2%) 0.002

Drug Use (n=13) 9 (4%) 1 (3.4%) 3(3.4%) 09

Vital signs on admission

Mean Temperature 37210 37209 3707 0.3

Mean Heart rate 101.1+238 1004+219 91.2£19.1 Avs. C
0.002

Mean Respiratory rate 203£5.7 20.5£53 19.6+4.8 0.6

Mean Oxygen saturation 943+59 95+45 957+53 0.1

Laboratory findings on admission

Mean White blood cell count 7.7+46 7.7+5.1 8.7+63 0.3

Mean Hemoglobin 12.8+23 12.8+29 121421 Avs.C0.05

Mean Platelet count 228.7+934 2175+818 2199+84.1 0.7

Mean Total protein 7110 6.7%1 6.7+£0.9 Avs. C0.01

Mean Albumin 36+06 37+06 36+06 0.9

Mean C-reactive protein 90.1£81 77.2+£68.6 654£758 0.09

Chest imaging on admission No. (%)

Abnormal chest x-ray (n=198) 143 (71.1%) 16 (64%) 39 (48.8%) 0.002

Abnormal CT scan (n=118) 89 (92.7%) 7 (77.8%) 22 (71%) 0.006

Abbreviations: n: Number, CWIC: Charlson weighted index of comorbidity, MI: Myocardial infarction, CHF: Congestive heart failure, PVD: Peripheral vascular disease,
CVD: Cerebrovascular disease, COPD: Chronic obstructive pulmonary disease, HIV: Human immunodeficiency virus

“From multiple pairwise comparisons, Bonferroni correction of the p-value
Kruskal-Wallis test
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WHO Category on Admission
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Fig. 1 Disease severity among the fully vaccinated, partially vaccinated, and unvaccinated hospitalized COVID-19 patients on admission based on WHO

classification

Table 2 Treatment and outcomes among the fully vaccinated,
partially vaccinated, and unvaccinated hospitalized COVID-19
patients

Complication No. (%) p
Unvacci-  Partially Fullyvac- value
nated vacci- cinated
(n=224) nated (n=88)

(n=29)

Intubation/Mechanical 34 (15.2%) 6 (20.7%) 2(23%) 0.003

ventilation (n=42)

Intensive Care Unit 38 (17%) 5(17.2%) 4(45%) 0.01

admission (n=47)

Septic shock (n=29) 24(10.7%)  3(103%)  2(23% 005

Acute Respiratory Dis- 21 (9.4%) 1 (3.4%) 1(1.1%) 003

tress Syndrome (n=23)

Acute Kidney Injury 61 (27.2%) 724.1%) 16(182%) 0.2

(n=84)

Renal Replacement 5(2.2%) 1(3.4%) 2(23%) 09

Therapy (n=8)

Any Arrhythmia (n=30) 22 (9.8%) 2 (6.9%) 6(6.8%) 0.7

Atrial arrythmia (n=26) 18 (8.0%) 2(6.9%) 6(68%) 09

Steroids given (n=222) 162 (72.3%) 19 (65.5%) 41 (46.6%) <0.001

Remdesivir given 81(36.2%) 13 (44.8%) 14(15.9%) <0.001

(n=108)

Interleukin-6 Inhibitor 25 (11.2%) 3(10.3%) 2(23%) 004

given (n=30)

Readmission within 30 12 (6.5%) 1(3.8%) 9(106%) 04

days (n=22)

Death (n=46) 40(17.9%)  3(103%) 3(34%) 0.003

vaccinated white patients (15.6% vs. 36.4%, p=0.04). In
addition, higher respiratory rate on admission, higher
mean WBC, and higher absolute neutrophil count were
associated with severe and critical infection compared
to mild infection. There was a significant association

between median creatinine on admission and disease
severity (p=0.004). The presence of hypertension (0.06)
and home steroid use (0.09) were higher among patients
with more severe categories of disease compared to those
with mild infection at the time of hospitalization. Serum
albumin levels showed an inverse association with the
severity of COVID-19 at the time of hospitalization, i.e.,
lower albumin levels were associated with severe and
critical disease.

As stated in the methods section, results from the uni-
variable analysis using the two-category scale were used
to determine which variables to enter the multivariable
logistic regression model. Variables that were included
in defining the WHO severity categories were excluded
as independent variables. The initial variables that went
into the model included age at admission, BMI, heart rate
on admission, albumin value, initial absolute lymphocyte
count on admission, vaccination group, race, elevated
creatinine from baseline, hypertension, and home steroid
use. Using a forward stepwise likelihood ratio algorithm,
the final model included age at admission, BMI, albumin,
vaccination group, race, and home steroid use (Table 4).

From the model, after controlling for age, BMI, albu-
min, race, and home steroid use, fully vaccinated patients
were 5.3 times (p<0.001) less likely to have severe/criti-
cal disease. Notably, after controlling for vaccination sta-
tus and the other variables in the model, Black patients
were 2.6 times less likely to have severe/critical disease
(p=0.001), and every unit increase in albumin reduced
the risk of severe/critical disease by 96% (p=0.007).
Older patients (p=0.02), patients with higher BMI values
(p=0.005), and those who were using steroids for seven
consecutive days at the time of hospitalization (p=0.03)
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Table 3 Univariable analysis of risk factors among hospitalized
COVID-19 patients using WHO severity scale at the time of
admission

Character- A. Mild B. C.Severe D.Critical p value
istic Moderate
n=99 n=90 n=114 n=38

Mean Age  525+22.1 584+179 61.0+154 6131138 Avs.C

(yrs.) p=0.004

Mean BMI 293+75 320+£11.1 329+£10.1 3344124 Avs.C,
p=0.06

Median 0.0 (0.0, 1.0 (0.0, 0.0 (0.0, 0.0 (0.0, 032

CWIC score  2.0) 2.0) 2.0) 2.0)

Mean 186+35 193441 210457 236+87 Avs.C

Respiratory p=0.006;

Rate on Avs. D,

Admission p<0.001;
Bvs. D,
p<0.001,
Cvs.D,
p=0.06

Mean WBC 7.6+36 80+6.7 75+4.1 104+£62 Avs.D,

Count p=0.025;
Cvs. D,
p=0012

Mean 54+33 53+38 59+38 84+59 Avs.D

Absolute and B

Neutrophil vs. D,

Count p<0.001,
Cvs.D
p=0.006

Me- 09 (038, 1.0(08, 0.9 13(1.0, 0.004

dian Cre- 1.2) 1.4) (0.7,14) 1.7)

atinine on

Admission

Race <0.001

White 34.3% (34) 45.6% (41) 56.1% (64) 42.1% (16)

Black 61.6% (61) 51.1% (46) 38.6% (44) 39.5% (15)

Other 4.0% (4) 33% (3) 5.3% (6) 184% (7)

Smoking 172% (17) 233% (21) 132%(15) 53%(2) 0.2

Hyperten-  48.5% (48) 64.4% (58) 64.9% (74) 60.5% (23) 0.06

sion

Steroid Use  1.0% (1) 1.1% (1)  61%((7) 26%(1) 009

(Home)

Mean 394073 364052 35+049 344060 Avs.B,

Serum p=0.012;

Albumin Avs.C&
Avs. D,
p<0.001

Vaccina- 0.005

tion group

None 53.5% (53) 64.4% (58) 71.1% (81) 84.2% (32)

Partial 10.1% (10) 5.6% (5) 8.8% (10) 10.5% (4)

Complete  36.4% (36) 30.0% (27) 20.2% (23) 5.3% (2)

Abbreviations n: Number, BMI: Body mass index, CWIC: Charlson weighted index
of comorbidity, WBC: White blood cells
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Table 4 Multivariable analysis of risk factors for breakthrough
severe COVID-19 infections requiring hospitalization among
the fully vaccinated, partially vaccinated, and unvaccinated
individuals

Characteristic Odds Ratio p-value 95%Cl
Age at admission 1.02 0.02 1.004, 1.04
Fully vaccinated” 0.19 <0.001 0.09,0.38
Black/African Americanrace”  0.39 0.001 0.22,0.70
Albumin 0.51 0.007 0.31,0.83
BMI 1.04 0.005 1.01,1.08
Steroids use (Home) 7.5 0.03 1.3,449

Abbreviations Cl: Confidence interval, BMI: Body mass index
“Unvaccinated is the comparator category

"White race is the comparator category

were more likely to have severe/critical disease after con-
trolling for the other variables in the model.

Discussion
Our study showed that fully vaccinated patients had
more mild disease, fewer complications during their hos-
pital stay, and a lower-case fatality rate compared to par-
tially vaccinated and unvaccinated patients. The majority
of our patients (247 vs. 69) were in the time frame that
corresponded to the circulation of the Omicron variant
(December 2021- October 2022) compared to the Delta
variant (June-November 2021. In addition, we identified
six factors independently associated with severe and crit-
ical COVID-19 infection based on WHO classification;
these factors were vaccination status, age, race, BMI,
home steroid use and serum albumin levels on admission.
Patients who were fully vaccinated had more comor-
bidities, which are known risk factors for breakthrough
infections and severe disease in general. Our cohort of
fully vaccinated patients were more likely to be white
and had a higher mean age. They also were more likely to
have hypertension, heart failure, renal disease, and malig-
nancy compared to unvaccinated and partially vaccinated
patients. This study is similar to the one conducted in
Israel on 152 vaccinated COVID-19 hospitalized patients,
but some comorbid conditions were less frequent in our
study [17]. These included heart failure (18.2% vs. 28%),
kidney disease (22.7% vs. 32%), and cancer (14.8% vs.
24%). In contrast to the previously mentioned study, dia-
betes and lung disease were not associated with being
fully vaccinated [17]. Vaccinated patients also had lower
mean hemoglobin and total protein levels, suggesting
increased comorbid conditions predisposing them to
more severe infection and requiring hospital admission.
In vaccinated patients, comorbidities are associated with
reduced immunological responses to infection or immu-
nization, thereby putting them at risk for breakthrough
infections [21]. This risk can be curtailed by administra-
tion of additional booster vaccine doses.
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Severe COVID-19 infection based on the WHO clas-
sification was lowest in the fully vaccinated group, fol-
lowed by partially vaccinated, then the unvaccinated
group, suggesting a protective effect of mRNA vaccines
against severe disease. Higher readmission rates in fully
vaccinated patients may be explained by the fact that
fully vaccinated patients were more likely to be older and
have comorbidities. Most of the unvaccinated patients
had abnormal chest imaging on admission, were more
likely to require mechanical ventilation and use of ste-
roid therapy, and experienced higher rates of death com-
pared to the fully vaccinated group. These findings are
consistent with the study by Tenforde et al., which found
that patients who died or required mechanical ventila-
tion were less likely to be vaccinated [22]. Of note, par-
tially vaccinated patients were more likely to require
ICU admission and mechanical ventilation compared to
unvaccinated and fully vaccinated patients. Many of the
risk factors associated with severe COVID-19 among
unvaccinated individuals in our study were similar to
those reported in the literature, including advanced age,
higher BMI, hypertension, and creatinine on admission
[23-26].

In our study, low serum albumin levels on admission
were associated with higher risks for severe/ critical dis-
ease. Every unit increase in albumin level reduced the
risk of severe/ critical disease by 96%. Albumin, WBC,
absolute lymphocyte and neutrophil counts, AST, and
creatinine are the serum biomarkers associated with
severe disease in unvaccinated patients [25, 27]. Albumin
is a negative acute phase reactant synthesized in the liver.
It is associated with severe COVID-19 infection and poor
outcomes [25]. Studies hypothesize that the mechanism
of hypoalbuminemia is not linked to liver injury as it was
not associated with changes in AST and ALT [25, 28,
29]. In contrast, results of a systematic review published
in 2021 showed higher AST and ALT levels to be inde-
pendently associated with poor outcomes [30]. Our study
showed an association between having severe and criti-
cal COVID-19 infection and serum AST levels but not
ALT [25]. C-reactive protein, CPK, D dimer, and LDH
were reported by multiple studies to be associated with
the severity of illness in patients with COVID-19 [31, 32].
Our study did not show a difference in the CRP, CPK, D
dimer, or LDH levels when comparing patients in the two
severity categories.

Our study showed that black/African American
patients were 2.4 times less likely to be in the severe cat-
egory than whites (OR=0.04, p=0.002). This is in con-
trast with the current evidence that shows that black/
African American people had a higher risk of hospital-
ization, need for mechanical ventilation, and death [33].
Hospitalized black/African American patients in our
study were younger than whites and, thus, might have
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less severe disease. Our study also finds that patients
who were using steroid doses equivalent to at least 15 mg
of prednisone per day for at least seven days consecu-
tively at the time of hospitalization were more likely to
have severe/ critical disease. Higher odds of hospitaliza-
tion had been reported with the use of glucocorticoid
therapy at prednisone-equivalent doses>10 mg/ day
among COVID-19 patients with rheumatic disease [34].
Systemic steroids can blunt the initial innate immune
response with the potential of augmenting viral replica-
tion in the early phase of the disease, putting patients
atrisk for hospitalization and severe COVID-19 infec-
tion [35]. Severe clinical disease manifesting at the time
of hospitalization among individuals on steroid therapy
could be from opportunistic infections, coinfections, or
life-threatening side effects, likely hyperglycemia [36, 37].

Limitations

Our study is retrospective; some study variables, such
as laboratory biomarkers, were only done on a subset
of patients, preventing accurate data analysis. We did
not have enough data available to conduct an analysis
based on the type of vaccine and the variant of concern.
Also, no information was available about the prior treat-
ments and prophylaxis that admitted patients might have
received.

Conclusion

Patients who were unvaccinated or partially vaccinated
had more in-hospital complications, severe disease, and
death as compared to fully vaccinated patients. Factors
associated with severity include advanced age, obesity,
low serum albumin, and steroid use.
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