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ABSTRACT
To further describe the effect of the “fragile population” and their “higher-risk” comorbidities on prognosis among
hospitalized Omicron patients, this observational cohort study enrolled hospitalized patients confirmed with SARS-
CoV-2 during the 2022 Omicron wave in Shanghai, China. The primary outcome was progression to severe or critical
cases. The secondary outcome was viral shedding time from the first positive SARS-CoV-2 detection. A total of 847
participants were enrolled, most of whom featured as advanced age (>70 years old: 30.34%), not fully vaccinated
(55.84%), combined with at least 1 comorbidity (65.41%). Multivariate cox regression suggested age >70 years old
(aHR[95%CI] 0.78[0.61–0.99]), chronic kidney disease (CKD) stage 4–5 (aHR[95%CI] 0.61[0.46–0.80]), heart conditions
(aHR[95%CI] 0.76[0.60–0.97]) would elongate viral shedding time and fully/booster vaccination (aHR[95%CI] 1.4 [1.14–
1.72]) would shorten this duration. Multivariate logistic regression suggested CKD stage 4–5 (aHR[95%CI] 3.21[1.45–
7.27]), cancer (aHR[95%CI] 9.52[4.19–22.61]), and long-term bedridden status (aHR[95%CI] 4.94[2.36–10.44]) were the
“higher” risk factor compared with the elderly, heart conditions, metabolic disorders, isolated hypertension, etc. for
severity while female (aHR[95%CI] 0.34[0.16–0.68]) and fully/booster Vaccination (aHR[95%CI] 0.35[0.12–0.87]) could
provide protection from illness progression. CKD stage 4–5, cancer and long-term bedridden history were “higher-
risk” factors among hospitalized Omicron patients for severity progression while full vaccination could provide
protection from illness progression.
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Introduction

Over the past two years, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) had caused about
574 million confirmed cases and 6.3 million deaths
worldwide until 3rdAugust 2022 [1]. Sincefirst detected
in South Africa in November 2021 [2], Omicron, the
novel coronavirus variant, had rapidly spread around
and become the predominant variant around the world.

ComparedwithDelta variant, early reports suggested
that Omicron is 25–50% more transmissible along with

substantially reduced overall hospitalization and sever-
ity [3, 4], which presents milder clinical manifestation
as well as faster symptom resolution [5–7]. A cross-sec-
tional study in Huston, Texas reported that 56.4% of
patients infected with Omicron required at least low
flow oxygen while this ratio is 81.4%with alpha variants
and 80.7% with delta variants [8]. However, the actual
threat of omicron was still unignorable considering a
huge base of susceptible population, especially those
with high risk for severity progression [9–11].
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Several previous studies have reported some high-
risk factors for COVID-19-related poor outcomes.
Underlying diseases including diabetes, chronic liver
disease, and chronic kidney disease are the leading
risk factors for a severe COVID-19 clinical course
[12–14]. A large cross-sectional study suggested that
obesity, anxiety and fear-related disorders, and dia-
betes with complications as well as the total number
of conditions are high-risk factors for death [15].
Age is another driving factor for poor outcomes in
hospitalized COVID-19 patients [16–18]. Vaccination
might provide protection from disease progression
and a study in California suggested that receiving an
mRNA vaccine booster dose gave over 70% protection
against hospitalization or mortality outcomes in Omi-
cron case [19–21].

Despite multiple risk factors reported, most of these
evidences were analysed before omicron swept the
world. Considering the significantly increased trans-
missibility and specific characteristic of Omicron, the
high-risk condition spectrum might be different
from the previous. Besides, considering the huge
medical pressure brought by the enormous susceptible
population with previously identified risk factors
including cardiovascular disease, diabetes, isolated
hypertension, etc., it is necessary to redefine the
“fragile population” to enable better integration of
medical resources during the Omicron pandemic.
Therefore, specific higher-risk comorbidities that con-
tribute to increased incidence of severity progression
among patients with high-risk comorbidities needed
to be further identified. To further describe the effect
of the “fragile population” and their “higher-risk”
comorbidities on Omicron infection prognosis, we
conducted this multicenter study during the 2022
Omicron wave in Shanghai, China.

Methods

Study cohort

This was an observational cohort study to evaluate the
higher-risk factors for severity progression and
delayed viral clearance among hospitalized patients
infected with COVID-19. All patients were diagnosed
and treated according to the latest national COVID-19
guideline [22] and this study had no intervention on
the treatment course.

Eligible patients were required to be at least 18 years
old with confirmed SARS-CoV-2 infection by real-
time PCR between 20th March and 10th May 2022
at Fudan University Affiliated Huashan Hospital,
Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital, Shanghai Jiao Tong University
Affiliated Shanghai Ninth People’s hospital and Tongji
University Affiliated Shanghai Forth People’s hospital
in Shanghai, China. Patients who were unnecessary for

hospitalization according to the latest national
COVID-19 guideline [22] and the WHO guideline
were excluded.

Informed consentwas obtained fromall participants
and guardians, and the study protocol was approved by
institutional review boards (2022-KY-069).

Data collection and definition

Data on all enrolled participants were obtained from
the hospital information system. We collected baseline
characteristics, vaccination, nursing records, labora-
tory findings, lung CT scan and treatment from elec-
tronic medical records. Two researchers double-
checked the collected data and sorted it.

Chronic kidney disease stage 4–5 was defined on
glomerular filtration rate <30 ml/(min*1.73 m2) or
who required dialysis. Heart conditions were defined
as patients who had coronary atherosclerotic heart dis-
ease, cardiomyopathy, arrhythmia, etc. except isolated
hypertension. Cerebral vascular disease included con-
ditions with stenosis, infarction, embolism, hemor-
rhage, aneurysms, or vascular malformations of the
brain blood vessels. Metabolic diseases included dia-
betes, hyperlipidemia, or hyperuricemia. Long-term
bedridden was defined as patients who were bedridden
for at least 24 h after admission and required additional
nutritional support during hospitalization. Omicron-
infected patients without known comorbidities or bed-
ridden history were selected as the control group.

Primary outcome

The primary outcome of the study was severity pro-
gression, which was defined as participants progres-
sing to severe or critical COVID-19 during follow-
up as represented by WHO guidelines. Severe covid-
19 was defined by at least one of the following items:
(1) Oxygen saturation <93% on room air. (2) Sign of
pneumonia. (3) Signs of severe respiratory distress.
Critical COVID-19 was defined by the criteria for
acute respiratory distress syndrome (ARDS), sepsis,
septic shock, or other conditions that would normally
require the provision of life-sustaining therapies such
as mechanical ventilation (invasive or non-invasive)
or vasopressor therapy.

Secondary outcome

The secondary outcome was COVID-19 nucleic acid
viral shedding. Viral shedding time was defined as
the time interval between the first positive nucleic
acid test and the first of two consecutive negative
results of both the ORF1ab and N gene. SARS-CoV-
2 viral load was detected and quantified by RT–PCR
using nasopharyngeal swabs every day after
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admission. Ct value >35 for both ORF1ab and N gene
was considered as negativity.

Statistical analysis

Continuous variables were expressed as median (IQR)
and compared with the t-test or Wilcox test; categori-
cal variables were expressed as number (%) and com-
pared by the χ² test or Fisher’s exact test. Cox
regression was used to calculate the hazard ratio
(HR) and 95% confidence interval (95%CI) to analyse
the factors affecting viral shedding time. Kaplan Meier
Curves were drawn to describe viral shedding time.
Univariate and Multivariate Logistics Regression
were used to estimate the factors Associated with
Severity Progression. Hazard ratio/odd ratio indicated
how often a particular event happens in one group
compared to how often it happens in another group
over time (hazard ratio) or not over time (odds
ratio). Statistical analyses and calculations were per-
formed using the SPSS version 20 and R 3.4.0 (R Foun-
dation for Statistical Computing) software
environment. All tests were two-tailed, and P-values
<0.05 were considered statistically significant.

Results

General characteristics

A total of 1090 participants admitted to hospital
between 20 March 2022 and 10 May 2022 were
screened. 56 people were excluded due to insufficient
diagnosis, 187 people were excluded because of their
age (less than 18 years old), and 847 were finally
enrolled (Table 1). The general characteristics of the
study population were advanced age (>70 years old:
257 [30.34%]), not fully vaccinated (339 [55.84%]),
combined with at least 1 comorbidity (564
[65.41%]). The 5 most common comorbidities were
heart conditions (257 [30.34%]), metabolic disease
(157 [18.54%]), chronic kidney disease stage 4–5
(156 [18.42%]), isolated hypertension (145 [17.12%])
and cancer (106 [12.51%]). 159 [18.77%] had a history
of long-term bedridden. The overall rate for severe
and critical cases was 10.98% and the median viral
shedding time since diagnosis was 13 (IQR: 10–16)
days.

Risk analysis for viral shedding time

Multivariate cox regression on viral shedding time was
performed among data with significant difference
during univariate regression (Table 2). Viral shedding
time among patients who had advanced age (aHR
[95%CI] 0.78 [0.61–0.99], P = 0.037), combined with
chronic kidney disease stage 4–5 (aHR [95%CI] 0.61
[0.46–0.80], P < 0.001) or heart conditions (aHR

[95%CI] 0.76 [0.60–0.97], P = 0.030) were enlength-
ened, while full or booster vaccination could shorten
this duration (aHR [95%CI] 1.40 [1.14–1.72], P =
0.001) (Table 2, Figure 1).

Identification of higher-risk factors for COVID-
19 severity progression

Logistics regression on whether participants pro-
gressed to severe and critical cases was performed
among data with significant difference during univari-
ate regression (Table 3). Comorbidities of CKD stage
4–5 (aHR [95%CI] 3.21 [1.45–7.27], P = 0.004), cancer
(aHR [95%CI] 9.52 [4.19–22.61], P < 0.001), and long-
term bedridden (aHR [95%CI] 4.94 [2.36 −10.44], P <
0.001) were higher-risk factors for severity pro-
gression, while female (aHR [95%CI] 0.34 [0.16–
0.68], P = 0.003) and fully/booster vaccination (aHR
[95%CI] 0.35 [0.12–0.87], P = 0.034) were protective
factors.

We then compared participants combined with
CKD stage 4–5 (B group), cancer (C group), or
long-term bedridden (D group) with participants
with no comorbidities (A group) (Table 4). Compared
with the control group, patients with high-risk

Table 1. Baseline characteristics of participants infected with
Omicron.
N 847

Age, Median (IQR) 62 (41–73)
≤70 yrs 690 (69.66)
>70 yrs 257 (30.34)

Male, N (%) 392 (46.28)
Vaccination, N (%) * 607
Unvaccinated 319 (52.55)
Partially vaccinated 20 (3.29)
Fully vaccinated 130 (21.42)
Booster 138 (22.73)

Comorbidities, N (%)
Heart conditions 257 (30.34)
Metabolic disease 157 (18.54)
CKD stage 4–5 156 (18.42)
Isolated hypertension 145 (17.12)
Cancer 106 (12.51)
Cerebral vascular disease 62 (7.32)
Lung disease 62 (7.32)
Neurodegenerative disease 36 (4.25)
Acute conditions 40 (4.72)
Bone fracture 16 (1.89)
Autoimmune diseases 6 (0.71)

Comorbidities, N (%)
0 293 (34.59)
1 219 (25.86)
2 204 (24.09)
≥3 131 (15.47)

Long-term bedridden, N (%) 161 (19.01)
Treatment, N (%)
Oxygen inhalation 210 (24.79)
High flow or BIPAP 4 (0.47)
Mechanical ventilations 11 (1.3)
Hemodialysis 136 (16.06)
Glucocorticoid 106 (12.51)

Outcome
Severe/Critical cases, N (%) 93 (10.98)
Viral shedding time, median (IQR) 13 (10–16)

* 607 participants reported received doses of COVID-19 vaccine.
Abbreviation: CKD: Chronic Kidney Disease; yrs: years old.
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Table 2. Multivariate Cox regression of factors associated with COVID-19 nucleic acid viral shedding time.
Univariate Multivariate*
HR (95%CI) P-value Adjusted HR (95%CI) P Value

Female 1.17 (1–1.37) 0.049 1.07 (0.89–1.29) 0.453
Age≤ 70 yrs Ref Ref Ref Ref
Age > 70 yrs 0.63 (0.53–0.75) <0.001 0.78 (0.61–0.99) 0.037

Comorbidities
CKD stage 4–5 0.44 (0.36–0.54) <0.001 0.61 (0.46–0.8) <0.001
Metabolic disease 0.66 (0.53–0.81) <0.001 0.81 (0.64–1.04) 0.098
Heart conditions 0.61 (0.51–0.73) <0.001 0.76 (0.6–0.97) 0.030
Isolated hypertension 0.77 (0.62–0.95) 0.013 0.81 (0.61–1.06) 0.125
Cerebral vascular disease 0.93 (0.68–1.27) 0.656 – –
Lung disease 0.75 (0.54–1.04) 0.083 – –
Cancer 0.85 (0.66–1.1) 0.218 – –
Acute conditions 0.79 (0.56–1.11) 0.178
Neurodegenerative disease 1.09 (0.73–1.64) 0.669 – –
Bone fracture 0.66 (0.37–1.17) 0.152 – –
Autoimmune diseases 0.62 (0.26–1.5) 0.292 – –
Long-term bedridden 0.62 (0.51–0.76) <0.001 0.9 (0.68–1.19) 0.452

COVID-19 vaccination
Not fully vaccinated Ref Ref Ref Ref
Fully vaccinated or booster 1.98 (1.66–2.37) <0.001 1.4 (1.14–1.72) 0.001

Severe/Critical cases 0.56 (0.42–0.74) <0.001 0.97 (0.67–1.39) 0.852

*554 participants were enrolled for multivariate regression after removing missing values.
Note: Factors with adjusted HR <1.00 and P-value < 0.05 were considered as risk factors for viral shedding while factors with adjusted HR >1.00 and P-
value < 0.05 were considered as protective factors. Smaller or bigger adjusted HR indicates stronger risk or protection, respectively.

Abbreviation: HR: Hazard Ratio; 95%CI: 95% confidence interval; CKD: Chronic Kidney Disease; yrs: years old;

Figure 1. Kaplan–Meier Curve for COVID-19 Nucleic Acid Viral Shedding Time. A. Viral shedding time among participants more or
less than 70 years old; B. Viral shedding time between participants with and without chronic kidney disease stage 4–5; C. Viral
shedding time between participants with and without heart conditions; D. Viral shedding time between participants not fully
vaccinated and fully vaccinated or booster.
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comorbidities were older and not fully vaccinated (P <
0.0001 in B, C, and D groups). The most common
comorbidities in the long-term bedridden group
were heart conditions (93 [57.76%]), cerebral vascular
disease (62 [38.51%]), chronic kidney disease stage 4–
5 (50 [31.06%]), and metabolic disease (50 [31.06%]).

The proportion of severe and critical cases were
24.36%, 30.19%, and 32.3%, respectively, in the
CKD, cancer and long-term bedridden group while
no participants in the control group progressed to
severe or critical cases (P < 0.001). The viral shedding
time was 17 (15.5–21), 14 (12.5–17), and 16.5 (11.25–
20) days in the CKD, cancer, and long-term bedridden
group, which was significantly enlengthened com-
pared to the control group (11 [8.5–13.5] days).

Full vaccination or booster shot provided protec-
tion for patients with long-term bedridden history
(OR [95%CI] 0.18 [0.03–0.67], P = 0.027). A similar
phenomenon was not observed in patients with cancer
(OR [95%CI] 0.55 [0.14–1.75], P = 0.34) or chronic
kidney disease stage 4–5 (OR [95%CI] 2.33 [0.29–
14.87]), which could be possibly due to the limited
percentage of vaccinations among these groups.

Dynamic laboratory examination surveillance

Further analysis on the laboratory examination result
during hospitalization was performed among the par-
ticipants with higher-risk comorbidities and the con-
trol group (Figure 2). There was consistent low level
of lymphocyte and high level of inflammation par-
ameters (CRP, PCT, and IL-6) in participants with
high-risk comorbidities. A significant elevation of
hsTnI was observed in patients with chronic kidney
disease during the hospitalization.

Discussion

We tried to identify “higher-risk” factors for severity
progression and virus clearance among hospitalized
patients to further define the specific “fragile popu-
lation” during the Omicron pandemic. Patients with
advanced age or CKD stage 4–5 had a longer viral
shedding time, while vaccination of over 2 doses
could shorten this duration. CKD stage 4–5, cancer,
and long-time bedridden history were the “higher-
risk” factors for severity progression compared with
the elderly, heart conditions, metabolic disorders, or
isolated hypertension, etc. while vaccination of over
2 doses provided protection. Persistent high level of
inflammation factor, low level of lymphocyte as well
as potential cardiac injury was observed among these
fragile population.

Several studies had reported the high-risk factors
for illness progression among the overall population
infected with SARS-CoV-2 [7,18,23], which were
listed as indication for hospitalization by WHO living
guidelines [22]. However, the medical resources in
most countries still could not cover all patients evenly
when the virus kept mutating and spreading around.
The medical resource should be arranged scientifically
and identification of “higher-risk” factors in hospital-
ized patients might provide evidence for more reason-
able health monitoring, treatment, as well as
prevention.

Patients with end stage renal disease were featured
as low vaccinated rate, advanced age, and high severity
rate. Research has demonstrated that CKD was a risk
factor in severe COVID-19 and COVID-19-related
mortality [24,25]. The study by Williamson et al.
claimed that patients with severe CKD have a very

Table 3. Multivariate logistics regression of factors associated with severity progression.
Univariate Multivariate*

OR
(95%CI) P-value

Adjusted OR
(95%CI) P-value

Female 0.31 (0.19–0.49) <0.001 0.34 (0.16–0.68) 0.003
Age≤ 70 yrs Ref Ref Ref Ref
Age > 70 yrs 3.57 (2.3–5.58) <0.001 1.8 (0.91–3.59) 0.093
Comorbidities
CKD stage 4–5 3.72 (2.35–5.87) <0.001 3.21 (1.45–7.27) 0.004
Metabolic disease 2.29 (1.39–3.7) <0.001 1.35 (0.67–2.64) 0.395
Heart conditions 3.23 (2.09–5.03) <0.001 1.53 (0.73–3.2) 0.256
Neurodegenerative disease 3.37 (1.5–7.04) 0.002 1.79 (0.43–6.82) 0.403
Cerebral vascular disease 3.87 (2.09–6.95) <0.001 0.96 (0.35–2.64) 0.943
Lung disease 2.61 (1.33–4.83) 0.003 2.46 (0.91–6.38) 0.067
Acute conditions 3.35 (1.55–6.79) 0.001 1.91 (0.67–5.16) 0.210
Cancer 4.82 (2.93–7.84) <0.001 9.52 (4.19–22.61) <0.00
Isolated hypertension 1.18 (0.66–2.03) 0.557 – –
Bone fracture 2.48 (0.56–7.94) 0.164 – –
Autoimmune diseases NA NA – –

Long-term bedridden 7.51 (4.76–11.91) <0.001 4.94 (2.36–10.44) <0.001
COVID-19 vaccination
Not fully vaccinated Ref Ref Ref Ref
Fully vaccinated or booster 0.11 (0.04–0.25) <0.001 0.35 (0.12–0.87) 0.034

*607 participants were enrolled for multivariate regression after removing missing values.
Note: Factors with adjusted OR <1.00 and P-value < 0.05 were considered as protective factors against illness progression while factors with adjusted OR
>1.00 and P-value < 0.05 were considered as risk factors. Smaller or bigger adjusted HR indicates stronger protection or risk, respectively.

Abbreviation: OR: Odds Ratio; 95%CI: 95% confidence interval; CKD: Chronic Kidney Disease; yrs: years old;
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high risk of COVID19 mortality, which is even higher
than that of other known high-risk groups, including
patients with hypertension, chronic heart disease, or
lung disease [26]. The probable reason could be the
dysfunctional immune system with a heightened
inflammatory state and impaired innate immunity in
CKD patients [27,28], resulting in more severe inflam-
mation in lungs and more damage to the tissue. Based
on our data, omicron-infected CKD patients were
prone to cardiac damage, consistent with report
from NHC that about 10 percent of patients who
died from COVID-19 suffered from heart disease in
the absence of CKD [29]. However, the mechanisms
between Omicron and acute myocardial damage are
not entirely clear, probably associated with downregu-
lation of ACE2, cytokine storm, and hypoxaemia
caused by COVID-19.

Long-term bedridden is another significant high-
risk factor for COVID-19 progression. Despite the
fact that patients who required bedridden were
combined with a wide spectrum of comorbidities
and few studies have analysed long-term bedridden
separately, they were an unignorable huge popu-
lation both in Shanghai and worldwide. Previous
studies suggested that bedridden patients were
prone to be infected by COVID-19 and in this
study, this population were prone to progress to
severe illness [30]. It could be explained by the

fact that patients were more likely to have malnu-
trition, weight loss, and immunodeficiency, which
was correlated with severe inflammation, impaired
renal function status, and longer duration of
COVID-19 disease [31,32].

In meta-analysis research, Tian et al. have concluded
that the patients with cancer or cancer survivors are at
an elevated risk of suffering from severe or critical
COVID-19, which are 2- or 3-fold likelihood of being
severely ill and death 7084 patients with COVID-19
[33]. Another research conducted in Wuhan also
reported a significant association between cancer and
severe cases, as patients with cancer were more likely
to have severe COVID-19 than patients without cancer
(OR = 3.61 [95%CI 2.59–5.04]; p < 0.0001) [34].
Patients with cancer may have dysregulated immune
systems, as it can be either suppressed or hyperactivated
due to the disease itself or treatment therapies [35,36].

Several previous studies list advanced age as an uni-
gnorable high-risk factor [23]. Adriana et.al summar-
ized that the immune alterations among the elderly
might be the reason for susceptibility to illness pro-
gression [37], which could be possible due to comor-
bidities or the natural aging. Our study suggested
that the elderly was not as high risk as those three
identified comorbidities, which could be possibly
explained that comorbidities in the elderly contribute
more to the susceptibility to infection.

Table 4. Characteristics of participants with high-risk comorbidities for severity progression.
A B A vs B C A vs C D A vs D

Control CKD Stage 4–5 P-value Cancer P-value Long-term bedridden P-value

N 286 156 106 161
Age, Median (IQR) 39 (32.25–55) 68 (58–76.25) <0.001 66 (58–72.75) <0.001 76 (64–86) <0.001
≤70 yrs 260 (90.91) 89 (57.05) 70 (66.04) 61 (37.89)
>70 yrs 26 (9.09) 67 (42.95) 36 (33.96) 100 (62.11)
Male, N (%) 104 (36.36) 85 (54.49) <0.001 63 (59.43) <0.001 89 (55.28) <0.001
Vaccination, N (%) * <0.001 <0.001 <0.001
Unvaccinated 51 (23.29) 108 (95.58) 59 (72.84) 93 (80.87)
Partially vaccinated 13 (5.94) 0 (0) 2 (2.47) 3 (2.61)
Fully vaccinated 73 (33.33) 4 (3.54) 16 (19.75) 10 (8.7)
Booster 82 (37.44) 1 (0.88) 4 (4.94) 9 (7.83)
Comorbidities, N (%)
CKD Stage 4–5 0 (0) 156 (100) 6 (5.66) 50 (31.06)
Cancer 0 (0) 6 (3.85) 106 (100) 32 (19.88)
Heart conditions 0 (0) 92 (58.97) 24 (22.64) 93 (57.76)
Metabolic disease 0 (0) 42 (26.92) 23 (21.7) 50 (31.06)
Isolated hypertension 0 (0) 44 (28.21) 27 (25.47) 31 (19.25)
Cerebral vascular disease 0 (0) 15 (9.62) 6 (5.66) 62 (38.51)
Neurodegenerative disease 0 (0) 2 (1.28) 4 (3.77) 19 (11.8)
Lung disease 0 (0) 9 (5.77) 7 (6.6) 17 (10.56)
Acute conditions 0 (0) 12 (7.69) 8 (7.55) 21 (13.04)
Autoimmune disease 0 (0) 1 (0.64) 0 (0) 2 (1.24)
Bone facture 0 (0) 2 (1.28) 4 (3.77) 16 (9.94)
Long-term bedridden, N (%) 0 (0) 50 (32.05) 32 (30.19) 161 (100)
Comorbidities, N (%)
0 286 (100) 0 (0) 1 (0.94) 5 (3.11)
1 0 (0) 16 (10.26) 37 (34.91) 25 (15.53)
2 0 (0) 79 (50.64) 33 (31.13) 58 (36.02)
≥3 0 (0) 61 (39.1) 35 (33.02) 73 (45.34)
Outcome
Severe/Critical
COVID-19, N (%)

0 (0) 38 (24.36) <0.001 32 (30.19) <0.001 52 (32.3) <0.001

Viral Shedding Time
median (IQR)

11 (8.5–13.5) 17 (15.5–21) <0.001 14 (12.5–17) 0.007 16.5 (11.25–20) <0.001

*219, 113, 81, 115 in the group A, B, C, D, respectively, reported received COVID-19 vaccine doses.
Abbreviation: CKD: Chronic Kidney Disease; yrs: years old;
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Our studies suggested that vaccination over 2 doses
could provide protection against illness progression
among all hospitalized patients, which was consistent
with several previous studies [38,39]. However, vacci-
nation efficacy among specific populations required
more data to draw the conclusion. Despite several

studies claimed satisfying safety, tolerability, and
immunogenicity among patients with high-risk
comorbidities [40], there still lacked real-world evi-
dence. In this study, vaccination showed protection
in patients with long-term bedridden history, while
not in patients with chronic kidney disease or cancer,

Figure 2. Dynamic laboratory examination monitoring in patients with high-risk comorbidities.
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which could be possibly due to the low vaccination
rate or the severity of these comorbidities.

There are several limitations in this study. First, we
only included hospitalized patients, who cannot rep-
resent characteristics of all patients infected with Omi-
cron. Second, the vaccination rate was low in some
specific comorbidities including chronic kidney dis-
ease, which lead to inaccuracy when discussing the
protection of vaccination among these patients.
Further studies on vaccination efficacy among these
fragile population were needed in the future. Also,
some other underlying diseases including hematologi-
cal malignancy, HIV infection, organ transplantation,
etc., which were previously reported to cause signifi-
cantly higher risk of severe COVID-19 cases, were
not studied in this manuscript due to the limited
sample size.
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