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ARTICLE INFO ABSTRACT

Keywords: Few studies have focused on the evaluation of vaccine effectiveness (VE) in mainland China. This study was to

COVID-19 characterize the VE including the frequent symptoms, laboratory indices, along with endotracheal intubation,

Xla“"‘:er . hospital length of stay (LoS), and survival status. This retrospective cohort study included patients with COVID-
ospitalization

19 admitted to our hospital. Statistical comparisons of continuous variables were carried out with an indepen-
dent Student’s t-test or Mann-Whitney U test. For categorical variables, the Chi-square test and Fisher exact test
were used. Multivariable regression analysis was performed to adjust the confounding factors such as age,
gender, body mass index (BMI), residential area, smoking status, the Charlson comorbidity index (CCI) score,
followed by investigating the effects of vaccination on critical ill prevention, reduced mortality and endotracheal
intubation, LoS and inspired oxygen. This study included 549 hospitalized patients with COVID-19, including
222 (40.43 %) vaccinated participants and 327 (59.57 %) unvaccinated counterparts. There was no obvious
difference between the two groups in typical clinical symptoms of COVID-19, clinical laboratory results and
mortality. Multivariable analysis showed that COVID-19 vaccine obviously reduced LoS by 1.2 days (InLoS =
-0.14, 95 %CI[-0.24,-0.04]; P = 0.005) and decreased fraction of inspired oxygen by 40 % (OR: 0.60; 95 %CI
[0.40,0.90]; P = 0.013) after adjusting age, gender, BMI, residential area, smoking status and CCI score. In
contrast, vaccination induced reduction in the critically ill, mortality, and endotracheal intubation compared
with the unvaccinated counterparts, but with no statistical differences. Vaccinated patients hospitalized with
COVID-19 have a reduced LoS and fraction of inspired oxygen compared to unvaccinated cases in China.
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1. Introduction (Ndwandwe and Wiysonge, 2021a). Phase III trials have confirmed high

COVID-19 vaccines effectiveness (VE) against SARS-CoV-2 infection,

Coronavirus disease 2019 (COVID-19) is an infectious disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
leading to crisis to global public health (Tabari et al., 2020). Nowadays,
multiple COVID-19 vaccines have received emergency use authoriza-
tions (EUA) in order to prevent severe COVID-19 illness, which may
stimulate an immune response and provide active acquired immunity to
infection (Chen et al., 2022). To date, four primary categories of COVID-
19 vaccines have been developed, including inactivated or attenuated,
protein subunit-based, viral vector, and nucleic acid vaccines

such as 50.7 % effectiveness of absorbed COVID-19 vaccine, 70.4 %
effectiveness of ChAdOx1 nCoV-19 vaccine, 95 % effectiveness of
BNT162b2 mRNA vaccine, as well as 94.1 % effectiveness of mRNA-
1273 vaccine (Baden et al., 2021; Palacios et al., 2020; Polack et al.,
2020; Voysey et al., 2021; Zheng et al., 2022).

Among the 9 COVID-19 vaccines approved by WHO for emergency
use, two vaccines named BBIBP-CorV and CoronaVac inactivated whole-
virus vaccines are commonly utilized in mainland China. WHO has
proposed an urgent need to investigate the COVID-19 VE against several

Abbreviations: VE, vaccine effectiveness; LoS, length of stay; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
EUA, emergency use authorizations; BMI, body mass index; LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PBL,
peripheral blood lymphocyte; Cr, creatinine; CRP, C-reactive protein; AIDS, acquired immunodeficiency syndrome; CCI, Charlson comorbidity index.
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major outcomes, such as symptomatic COVID-19, critical conditions,
and COVID-19 related mortality (Patel et al., 2021). Current data indi-
cated that authorized COVID-19 vaccines have been shown to be highly
effective against COVID-19-associated hospitalizations among adults
(Bajema et al., 2021; Rosenberg et al., 2021; Seiffert et al., 2020). Be-
sides hospitalization, the COVID-19 vaccines have been shown to reduce
infection rate, disease severity, and mortality (Mohammed et al., 2022).
In mainland China, the dynamic COVID-zero policy proposed by the
Chinese government severely limits outbreak size, which greatly protect
the civilians from infection (Tang et al., 2022). In addition, the primary
vaccination coverage of COVID-19 is very high, which makes unvacci-
nated comparison groups too small and too different for conducting
absolute VE studies.

For the SARS-CoV-2 infected patients, real-world effectiveness data
have shown that the poor prognosis or the need of mechanical ventila-
tion is correlated to comorbidities, complications and demographical
characteristics of hospitalized COVID-19 patients (Telle et al., 2021; L.
Zhang et al., 2020a; Zhang et al., 2020b). Some studies reported that the
majority of hospitalized COVID-19 cases requiring mechanical ventila-
tion were under comorbid condition like hypertension, diabetes, and
cardiovascular and cerebrovascular diseases (Wats et al., 2021; Zhang
et al., 2020a; Zhang et al., 2020b). Little is known on the efficacy and
safety of COVID-19-related vaccines in the patients against Omicron
COVID-19. In this study, we categorized the hospitalized COVID-19
patients into unvaccinated and vaccinated groups, with an aim to
compare the VE including the frequent symptoms, clinical laboratory
indices, and prognostic outcomes. In addition, we assessed whether
vaccination could affect the utilization of endotracheal intubation,
survival status and length of hospital stay, as well as critically ill.

2. Methods
2.1. Study population

This retrospective cohort study enrolled patients with confirmed
COVID-19 admitted to our hospital between January 2023 and February
2023. COVID-19 was diagnosed based on the WHO guidance and
guidance for COVID-19 issued by National Health Commission of China,
according to the previous description (Yu & Li, 2021). The severity of
the symptoms (i.e. mild, moderate, severe and critical) was divided
according to the Diagnosis and Treatment Protocol for Novel Corona-
virus Pneumonia (version 10, Chinese Medical Association). The
included patients were those aged 18 yrs or more that were firstly
infected with COVID-19. Those with primary infection by other patho-
gens (e.g. bacteria, fungi, other respiratory virus, mycoplasma, or
chlamydia) and incomplete medical files were excluded from this study.
The study protocols were approved by the Ethics Committees of the First
Affiliated Hospital, Zhejiang University School of Medicine (Approval
No.: 2023-0079). Because the study was a retrospective study based on
real-world situations, the need to obtain informed consent from eligible
patients was waived.

2.2. Grouping

The patients were divided into vaccinated and unvaccinated groups
according to the status of vaccination. The patients received fully
vaccination (4 doses, n = 3) or those with vaccination of at least one
dose (3 doses, n = 130; 2 doses, n = 53; 1 dose, n = 36) were all classified
into the vaccinated group (n = 222). There were 327 unvaccinated pa-
tients enrolled in this study.

2.3. Data collection
After admission, the sociodemographic characteristics, symptoms,

laboratory results, complications, comorbidity status, treatment and
outcome were collected from each subject. The sociodemographic
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characteristics included age, sex, body mass index (BMI), marital status,
residential area, education, occupation, history of smoking. The labo-
ratory parameters were examined including ferritin, D-dimer, lactate
dehydrogenase (LDH), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), peripheral blood lymphocyte (PBL), creatinine
(Cr) as well as C-reactive protein (CRP). The symptoms of COVID-19
included fever, fatigue, myalgia, cough, chest tightness and dyspnea,
score throat, rhinorrhea, nasal obstruction, headache, vertigo, ageusia,
sleeping disorders, nausea and vomiting and diarrhea. The major com-
plications collected from each subject included hypoxemia, silent hyp-
oxemia, and respiratory failure.

Comorbidity was defined as having at least one of the following
conditions: myocardial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic obstructive
pulmonary disease, connective tissue disease, ulcer disease, mild liver
disease, diabetes mellitus, hemiplegia, moderate/severe renal disease,
diabetes with end-stage organ damage, any type of malignancy, leuke-
mia, lymphoma, moderate/severe liver disease, metastatic solid tumor
and acquired immunodeficiency syndrome (AIDS) for at least 6 months.
To grade the comorbid condition of COVID-19 patients, the Charlson
comorbidity index (CCI) score was calculated. The necessary informa-
tion to calculate the CCI was obtained through the diagnostic codes
obtained during the premeasurement period. Then the CCI was calcu-
lated by the summation of the scores of each comorbidity multiplied by
their weight score, which has been listed in Supplementary Table 1.

The parameters for treatment included the utilization of antibiotics,
hormone therapy, antiviral therapy, and oxygen inspiration, endotra-
cheal intubation. The outcome included hospital LoS, survival and dis-
ease severity.

2.4. Statistical analysis

Statistical analysis was carried out using SPSS 20 Software (IBM,
Chicago, IL, USA). Continuous variables were expressed as the mean +
standard deviation or median (interquartile range). Categorical vari-
ables were described as counting (proportion). Statistical comparisons
of continuous variables were carried out with an independent Student’s
t-test when the data were normally distributed. Otherwise, the Mann-
Whitney U test was applied. Chi-square test and Fisher exact test were
used for the statistical comparison of categorical variables. The variables
with a P value of less than 0.15 between the vaccinated and unvacci-
nated groups were used as covariates. Then the binary logistic regression
analysis was performed to analyze the effects of vaccination on the se-
vere and critically ill, mortality and endotracheal intubation. Ordinal
logistic regression analysis was utilized to analyze the effects of vacci-
nation on inspired oxygen fraction. A P value of less than 0.05 was
considered to be statistical difference.

3. Results
3.1. Participants

Table 1 summarized the sociodemographic features of 549 COVID-
19 patients (male: 372; female: 177). The average age of the whole
cohort was 71.16 + 15.63 yrs, with the majority (80.14 %) were aged 60
yrs or more. In the whole cohort, 222 participants (40.43 %) received at
least one dose of COVID-19 vaccine. There were no significant differ-
ences in the sociodemographic features between the unvaccinated pa-
tients and vaccinated patients except the gender (P < 0.001), residential
area (P = 0.025), smoking status (P < 0.001), and CCI score (P = 0.005).

3.2. Vaccination significantly reduced the chest tightness and dyspnea
Then we compared the symptom of COVID-19 patients between the

vaccinated and unvaccinated groups. There were no statistical differ-
ences between the two groups in typical clinical symptoms including
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Table 1

Sociodemographic characteristics of in unvaccinated (n = 327) or vaccinated (n
= 222) COVID-19 patients admitted to our hospital between January 2023 and
February 2023.
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Table 2

Symptom comparison between unvaccinated (n = 327) and vaccinated (n =
222) patients admitted to our hospital between January 2023 and February
2023.

Variables All sets Unvaccinated  Vaccinated P Variables All sets Unvaccinated  Vaccinated P
(n= (n = 327) (n = 222) value (n= (n = 327) (n = 222) value
549) 549)
Age, n (%) 0.085 Fever, n (%) 491 291(88.99) 200(90.09) 0.787
<60 109 64(19.57) 45(20.27) (89.44)
(19.85) Fatigue, n (%) 415 256(78.29) 159(71.62) 0.092
60-80 261 144(44.04) 117(52.70) (75.59)
(47.54) Myalgia, n (%) 213 126(38.53) 87(39.19) 0.948
>80 179 119(36.39) 60(27.03) (38.80)
(32.60) Cough, n (%) 458 273(83.49) 185(83.33) 1.000
Sex, n (%) <0.001 (83.42)
Male 372 202(61.77) 170(76.58) Chest tightness and 278 183(55.96) 95(42.79) 0.003
(67.76) dyspnea, n (%) (50.64)
Female 177 125(38.23) 52(23.42) Score throat, n (%) 159 89(27.22) 70(31.53) 0.318
(32.24) (28.96)
BMI, n (%) 0.117 Rhinorrhea, n (%) 121 65(19.88) 56(25.23) 0.168
Underweight [BMI < 66(12.0) 46(14.1) 20(9.0) (22.04)
18.5] Nasal obstruction, n (%) 84 45(13.76) 39(17.57) 0.274
Normal [18.5-23.9] 261 155(47.4) 106(47.7) (15.30)
(47.5) Headache, n (%) 73 43(13.15) 30(13.51) 1.000
Overweight [BMI > 24] 222 126(38.5) 96(43.2) (13.30)
(40.4) Vertigo, n (%) 41(7.47) 26(7.95) 15(6.76) 0.721
Marital status, n (%) 0.825 Ageusia, n (%) 249 145(44.34) 104(46.85) 0.623
Married 504 299(91.44) 205(92.34) (45.36)
(91.80) Sleep disorders, n (%) 124 74(22.63) 50(22.52) 1.000
Single/Widowed 45(8.20) 28(8.56) 17(7.66) (22.59)
Residential area, n (%) 0.025 Nausea and vomiting, n 123 76(23.24) 47(21.17) 0.641
Urban 426 265(81.04) 161(72.52) (%) (22.40)
(77.60) Diarrhea, n (%) 137 78(23.85) 59(26.58) 0.533
Rural 123 62(18.96) 61(27.48) (24.95)
(22.40) Number of symptoms 5.47 + 5.48 + 2.34 5.454+ 252 0.876
Highest educational 0.258 2.41
qualification, n (%)
High education 140 88(26.91) 52(23.42)
(25.50) silent hypoxemia between the unvaccinated group and vaccinated group
Lower a;d upper 238 143(43.73) 95(42.79) (13.15 % vs. 12.61 %, P = 0.957). Similarly, the ratio of patients with
Elz:s:t;;ye ducation (1433;35) 76(23.24) 62(27.93) respiratory failure in the unvaccinated group and vaccinated group was
(25.14) also not high, with no statistical differences (29.97 % vs. 22.97 %, P =
Less than elementary 33(6.01)  20(6.12) 13(5.86) 0.087, Table 3).
education
Occupation, n (%) 0.787
Unemployed 49(8.93)  27(8.26) 22(9.91) 3.4. Vaccines induced significant increase of ALT and decrease of Cr
Manual worker 305 184(56.27) 121(54.50)

) (55.56) Compared with unvaccinated individuals, vaccinated cases had a
Brain worker g: 52 116(35.47) 79(35.59) higher level of ALT (P = 0.003) and decreased level of creatinine (P =
Smoking status, n (%) ’ <0.001 0.009, Table 4). Compared to unvaccinated patients, vaccinated patients
Never-smoker 337 223(68.2) 114(51.4) displayed no differences in other clinical laboratory indices including

(61.4) ferritin, D-dimer, LDH, CRP, PBL, interleukin-6 (IL-6), ALT, AST, and
Smoker (23156) 104(31.8) 108(48.6) albumin/total bilirubin (all P > 0.05).
CCI score 2.61 + 2.75 £1.37 2.40 £ 1.49 0.005

1.43

BMI, body mass index; CCI, charlson comorbidity index.

fever, fatigue, myalgia, cough, score throat, rhinorrhea, nasal obstruc-
tion, headache, vertigo, ageusia, sleep disorders, nausea and vomiting,
and diarrhea (all P > 0.05) (Table 2). In contrast, the chest tightness and
dyspnea in the vaccinated group was significantly lower than that of the
unvaccinated group (P = 0.003). Moreover, there were no statistical
differences in the number of symptoms between the two groups (P =
0.876).

3.3. Vaccines slightly reduced the complications

In this section, we evaluated the emergent endotracheal intubation
complications between the two groups. Most of COVID-19 patients
developed hypoxemia in unvaccinated group (74.31 %) and vaccinated
group (72.97 %). There were no statistical differences in the incidence of

3.5. Vaccinated subjects showed a shorter hospital LoS and reduced
mortality and fraction of inspired oxygen

Table 5 showed that there were statistical differences in the inspi-
ratory oxygen fraction between the vaccinated and unvaccinated pa-
tients (P = 0.008). It was suggested that vaccinated patients had a
shorter hospital LoS compared to unvaccinated cases (11.91 + 6.99 vs.

Table 3
Comparison of complications between unvaccinated (n = 327) and vaccinated
(n = 222) patients in our hospital between January 2023 and February 2023.

Variables All sets Unvaccinated  Vaccinated P
(n = 549) (n = 327) (n = 222) value
Hypoxemia, n (%) 405 243(74.31) 162(72.97) 0.802
(73.77)
Silent hypoxemia, n (%)  71(12.93) 43(13.15) 28(12.61) 0.957
Respiratory failure, n 149 98(29.97) 51(22.97) 0.087
(%) (27.14)
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Table 4

Comparison of clinical laboratory results between unvaccinated (n = 327) and vaccinated (n = 222) patients admitted to our hospital between January 2023 and
February 2023.

Variables All sets Unvaccinated Vaccinated P value
(n =549) (n = 327) (n = 222)
Ferritin, median (IQR) 604.40[352.35,1258.40] 650.70[372.90,1303.40] 560.80[327.10,1095.40] 0.104
D-dimer (pg/L), median (IQR) 1485.00[624.00,3566.00] 1524.00[646.00,3746.00] 1411.50[572.50,3201.50] 0.355
LDH (mmol/L), median (IQR) 1.95[1.40,2.70] 1.80[1.30,2.70] 2.10[1.50,2.80] 0.175
CRP (mg/L), median (IQR) 24.21[6.83,63.10] 24.76[6.83,62.40] 24.08[6.96,65.60] 0.662
PBL (10°/L), median (IQR) 0.55[0.33,0.92] 0.53[0.32,0.88] 0.59[0.36,0.98] 0.211
Interleukin-6 6.81[4.54,15.06] 6.91[4.54,14.68] 6.75[4.53,16.10] 0.963
ALT (U/L), median (IQR) 25.00[15.00,46.00] 23.00[14.00,42.00] 27.00[16.00,51.00] 0.003
AST (U/L), median (IQR) 21.00[15.00,33.00] 21.00[15.00,31.00] 22.00[15.00,36.00] 0.229
Albumin/Total bilirubin, median (IQR) 4.33[2.95,6.38] 4.44[2.96,6.42] 4.07[2.95,6.14] 0.420
Creatinine (mg/dL), median (IQR) 79.00[62.00,104.00] 82.00[64.00,110.00] 76.00[60.00,100.00] 0.009

Note. IQR, inter quartile range; LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PBL, peripheral blood lymphocyte; CRP,

C-reactive protein.

Table 5

Analysis of differences in treatment and clinical outcome between unvaccinated
(n = 327) and vaccinated (n = 222) patients enrolled from our hospital between
January 2023 and February 2023.

Variables All sets Unvaccinated  Vaccinated P
(n = 549) (n = 327) (n = 222) value
Fever duration (days), 5.0 5.0[2.00,9.0] 4.00 0.266
median (IQR) [2.0,9.0] [2.0,8.0]
Antibiotic drugs 533 316(96.64) 217(97.75) 0.616
(97.09)
Hormone drugs 527 318(97.25) 209(94.14) 0.110
(95.99)
Antiviral drugs 259 165(50.46) 94(42.34) 0.075
(47.18)
Inspired oxygen 0.008
fraction
<40 396 224(68.50) 172(77.48)
(72.13)
40-60 81(14.75) 47(14.37) 34(15.32)
>60 72(13.11) 56(17.13) 16(7.21)
Endotracheal 51(9.29) 33(10.09) 18(8.11) 0.525
intubation
Hospital LoS (days) 13.31 + 14.26 + 7.61 11.91 + <0.001
7.45 6.99
Survival status (dead), 49(8.93) 36(11.01) 13(5.86) 0.038
n (%)
Disease classification 0.159
Moderate 291 167(51.07) 124(55.86)
(53.01)
Severe 183 109(33.33) 74(33.33)
(33.33)
Critically ill 75(13.66) 51(15.60) 24(10.81)

Note. P/F, PaO2/FiO2; LoS, length of stay.

14.26 + 7.61, P < 0.001). Additionally, we observed that the mortality
rate was significantly decreased in the vaccinated group compared to the
unvaccinated group (P = 0.038).

3.6. Effects of vaccines on LoS, severe and critically ill, endotracheal
intubation, mortality and inspired oxygen ratio after adjusting age, gender,
residential area, smoking and CCI

After correction for age, gender, BMI, residential area, smoking
status and CCI score, patients received COVID-19 vaccination showed a
decreased LoS by 1.2 days (InLoS = -0.14, 95 %CI[-0.24,-0.04]; P =
0.005, Table 6) and decreased fraction of inspired oxygen by 40 % (OR:
0.60; 95 %CI[0.40,0.90]; P = 0.013) compared to the unvaccinated
cases. Although vaccines seemed to reduce the critically ill, mortality
(OR = 0.87; 95 %CI[0.60,1.25]; P = 0.439), mortality (OR = 0.60; 95 %
CI[0.30,1.19]; P = 0.141), and endotracheal intubation (OR = 0.96; 95
%CI[0.51,1.82]; P = 0.905), the statistical differences were not signifi-
cant. See (Table 7).

4. Discussion

There is still a lack of large cohort studies on the changing de-
mographics of hospitalized COVID-19 patients and the evolving risk
factors for poor outcomes after vaccination. In this cohort involving 549
hospitalized patients with COVID-19 admitted to our hospital, we
evaluated the VE of the vaccines used in mainland China to protect
against symptomatic infection. Our data showed that vaccinated pa-
tients had a shorter hospital LoS and decreased fraction of inspired ox-
ygen compared to unvaccinated counterparts. Besides, the vaccinated
subjects showed decrease in the severe and critically ill, mortality, and
endotracheal intubation compared with the unvaccinated counterparts,
but the statistical differences were not significant. These proved the
efficiency of vaccines used in mainland China.

Vaccine development has been accelerated in order to enhance host
immunity to the virus. According to the World Health Organization
(WHO) data, by December 2022, 50 vaccines have been approved by at
least one country worldwide (Chakraborty et al., 2023), which include
whole virus live attenuated or inactivated, protein-based, viral vector,
and nucleic acid vaccines (Ndwandwe and Wiysonge, 2021b). As of 1
December 2022, over 13 billion COVID-19 vaccine doses have been
administered (Tang et al., 2023). In China, as of 31 December 2022,
China has reported more than 3.4 billion cumulative doses of the
COVID-19 vaccines (Ma et al., 2023; Sun et al., 2023). In the whole
cohort of this study, 222 participants (40.43 %) received at least one
dose of COVID-19 vaccine. This may be related to the fact that a large
number of aged individuals are excluded from vaccination considering
co-morbidities and frailty.

COVID-19 vaccines provide strong protection against hospitalization
after being infected with alpha (B.1.1.7), beta (B.1.351), gamma (P.1),
delta (B.1.617.2), and omicron (B.1.1.529) variants (Firouzabadi et al.,
2023). Several post-marketing observational studies have also reported
a clear correlation between vaccination and decreased risks of COVID-
19 hospitalization (Haas et al., 2021; Sheikh et al., 2021). Tenforde
et al. reported an estimated overall vaccine effectiveness of 85 % for
mRNA vaccines to prevent COVID-19 hospitalizations (Tenforde et al.,
2021a). The effectiveness of COVID-19 vaccines in shortening the hos-
pital LoS has been confirmed in COVID-19 patients aged 18-64 years in
Norway (Tenforde et al., 2021b; Whittaker et al., 2022). Older patients
underwent vaccination with a mean age of 58.16 + 17.39 years
exhibited a decreased LoS (-2.13 days, CI: 2.73-1.55 days) in the United
States (Lee et al., 2023). In our study, multiple linear regression analysis
revealed that vaccination significantly shortened the hospital LoS for
COVID-19 patients especially for elderly hospitalized patients with
COVID-19 (60-80 yrs: OR = 0.18; 95 %CI: [0.06,0.31]; P = 0.005; >80
yrs: OR = 0.31; 95 %CL: [0.17,0.44]; P < 0.001). After correction for age,
gender, BMI, residential area, smoking status and CCI score, the hospital
LoS decreased by 1.2 days in patients received COVID-19 vaccination
when comparing with the unvaccinated subjects. These implied that
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Table 6
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Multivariable logistic regression analysis of risk factors related to severe/critically ill, mortality, requirement of endotracheal intubation, length of hospital stay, and
fraction of inspired oxygen for COVID-19 patients admitted to our hospital between January 2023 and February 2023.

Variables Severe/ critically ill Mortality Endotracheal intubation
Binary logistic Multiple binary logistic Binary logistic Multiple binary Binary logistic Multiple binary logistic
regression regression regression logistic regression regression regression
OR[95 %CI; P] OR[95 %CI; P] OR[95 %CI; P] OR[95 %CI; P] OR[95 %CI; P] OR[95 %CI; P]

Age

<60 - - - - - -

60-80 1.80 1.76[1.09,2.85;0.022] 1.02[0.41,2.52; 0.93[0.35,2.42;0.875] 2.11 2.43[0.87,6.81;0.090]
[1.13,2.88;0.014] 0.974] (0.78,5.67;0.141)

>80 2.87 2.81 2.37[0.99,5.67; 2.42[0.95,6.16;0.065] 2.91 3.55
[1.74,4.72;<0.001] [1.68,4.72;<0.001] 0.054] [1.07,7.94;0.036] [1.23,10.23;0.019]

Sex: Female 0.89 0.70[0.45,1.08;0.105] 0.66[0.33,1.30; 0.45[0.20,0.98;0.044] 0.86 0.56[0.27,1.16;0.117]
[0.55,1.13;0.189] 0.227] [0.46,1.62;0.650]

BMI

Normal - - - - - -

Underweight 0.99 1.08[0.62,1.90;0.779] 2.19 2.32[1.05,5.12;0.037] 1.81 1.95[0.88,4.33;0.100]
[0.58,1.71;0.982] [1.03,4.66;0.041] [0.84,3.88;0.129]

Overweight 0.99 1.01[0.70,1.46;0.942] 0.61 0.62[0.30,1.26;0.184] 0.61 0.61[0.31,1.21;0.160]
[0.69,1.42;0.951] [0.30,1.24;0.172] [0.31,1.20;0.150]

Resident: 0.75 0.94[0.61,1.44;0.777] 0.55 0.73[0.30,1.77;0.486] 0.83 1.14[0.53,2.47;0.732]

Rural [0.50,1.13;0.164] [0.24,1.26;0.158] [0.40,1.71;0.616]

Smoker: YES 0.95 0.81[0.54,1.22;0.315] 0.92 0.73[0.36,1.48;0.387] 0.57 0.40[0.19,0.83;0.013]
[0.67,1.34;0.775] [0.50,1.68;0.7771 [0.30,1.09;0.089]

CCI score 1.05 1.05[0.93,1.19;0.410] 1.29 1.29[1.04,1.61;0.023] 1.25 1.27[1.02,1.57;0.030]
[0.93,1.18;0.454] [1.05,1.58;0.016] [1.02,1.52;0.031]

COVID 0.83 0.87[0.60,1.25;0.439] 0.50 0.60[0.30,1.19;0.141] 0.79 0.96[0.51,1.82;0.905]

vaccine: YES [0.59,1.16;0.270]

[0.26,0.97;0.041]

[0.43,1.43;0.433]

Note. BMI, body mass index; CCI, Charlson comorbidity index; CI, confidence interval; OR, odd ratio; LoS, length of hospital stay.

Table 7

Multivariable logistic regression analysis of risk factors related to severe/critically ill, mortality, requirement of endotracheal intubation, length of hospital stay, and
fraction of inspired oxygen for COVID-19 patients admitted to our hospital between January 2023 and February 2023.

Variables Ln. LoS Fraction of inspired oxygen
Linear regression Multiple linear regression Ordinal logistic regression Multiple ordinal logistic regression
p [95 %CI; P] pL95 %CI; P] OR[95 %CI; P] OR[95 %CI; P]
Age
<60 - - -
60-80 0.17[0.05,0.30;0.007] 0.18[0.06,0.31;0.005] 1.93[1.09,3.41;0.024] 2.02[1.12,2.64;0.020]
>80 0.31[0.18,0.45;<0.001] 0.31[0.17,0.44;<0.001] 2.63[1.46,4.74;0.001] 2.73[1.47;5.05;0.001]
Sex: Female 0.02[-0.09,0.12;0.768] —0.06[-0.17,0.06;0.339] 0.70[0.46,1.06;0.089] 0.54[0.33,0.87;0.011]
BMI
Normal - - - -
Underweight 0.15[-0.01,0.30;0.063] 0.15[-0.00,0.30;0.053] 1.54[0.87,2.71;0.136] 1.66[0.92,2.98;0.092]
Overweight —0.02[-0.13,0.08;0.639] —0.01[-0.11,0.09;0.792] 0.92[0.62,1.38;0.695] 0.94[0.62,1.41;0.748]
Resident: Rural —0.12[-0.24,-0.01;0.032] —0.04[-0.15,0.08;0.505] 0.92[0.59,1.43;0.702] 1.24[0.77,1.99;0.375]
Smoker: YES —0.09[-0.19,0.01.0.071] —0.10[-0.21,0.01;0.086] 0.90[0.62,1.31;0.586] 0.72[0.46,1.11;0.139]
CCI score 0.03[-0.01,0.06;0.124] 0.02[-0.01,0.06;0.183] 6.36[4.77,8.47;<0.001] 1.04[0.91,1.20;0.536]

COVID vaccine: YES —0.18[-0.27,-0.08;<0.001]

—0.14[-0.24,-0.04;0.005]

0.59[0.40,0.87;0.008] 0.60[0.40,0.90;0.013]

Note. BMI, body mass index; CCI, Charlson comorbidity index; CI, confidence interval; OR, odd ratio; LoS, length of hospital stay.

vaccination contributed to the reduced hospital LoS in mainland China.
All these Real-World data from the large health system indicated the
efficiency of vaccines on attenuating the overall diseases severity.
Vaccines may attenuate disease severity and mortality among
COVID-19 patients (Corey et al., 2020; Lipsitch & Dean, 2020; McIntyre
et al., 2022; Mark W Tenforde et al., 2021). A study enrolling 1,983
hospitalized COVID-19 patients reported that progression to death after
COVID-19 hospitalization was related to a decreased likelihood of
vaccination (OR, 0.41; 95 % CI, 0.19-0.88) (Mark W Tenforde et al.,
2021). Indeed, COVID-19 related mortality in the elder population is
higher as they have higher rates of comorbidities and may experience
more severe inflammatory responses (Dadras et al., 2022). Besides,
failure of COVID-19 vaccine due to presence of severe diseases was
particularly likely to occur in elderly patients with high prevalence of
medical comorbidities and multimorbidity who were relatively over-
represented in the inpatient settings compared to the general population
(Wang et al., 2020). Our findings suggested that the risk of mortality in

the vaccinated group reduced by 40 % compared with that of the un-
vaccinated group, but there were no statistical differences (OR = 0. 3;
95 %CI: [0.30,1.19]; P = 0.141). Consistent with the previous studies
(Baden et al., 2021; Polack et al., 2020), our data suggested that COVID-
19 vaccines could improve the chest tightness and dyspnea, which were
closely related to the reduced risk of mortality. In the future, more
studies of a large sample size would prove the efficiency of vaccination
in reducing the mortality.

Invasive mechanical ventilation has been reported to be associated
with a lower likelihood of vaccination (Mark W Tenforde et al., 2021;
Whittaker et al., 2022). In a US-21-site case-control study including 142
patients fully vaccinated with an mRNA vaccine, vaccination was
related to mechanical ventilation (M. W. Tenforde et al., 2021). In
contrast, in a multicenter cohort study, the 129 fully vaccinated patients
(vaccinated with Comirnaty, Spikevax, or Janssen) did not show a lower
risk of mechanical ventilation to unvaccinated patients (Bahl et al.,
2021). In our study, there was a decreased risk of endotracheal
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intubation after vaccination when comparing 327 unvaccinated cases to
222 vaccinated patients with COVID-19, but there were no statistical
differences. Interestingly, vaccinated patients showed a significant
decrease (by 40 %) in the fraction of inspired oxygen compared to the
unvaccinated cases. This indicated that vaccines improved the respira-
tory function. Although our data showed that the vaccination showed a
trendy of decrease with no statistical difference, this would be proved by
the subsequent studies involving a large sample size.

COVID-19 vaccine doses affect the effectiveness against symptomatic
disease caused by the omicron variant or other variants (Polack et al.,
2020; Thomas et al., 2021). In a previous study, mRNA vaccines showed
a high VE against COVID-19 hospitalization after the third dose
(Thompson et al., 2022). Specifically, after two doses, there was a higher
protection against COVID-19 related hospitalization after being infected
with the Alpha and Delta variants, and the third dose led to greater
protection against hospitalization after infection of Omicron variant
(Gram et al., 2022). Other studies also published that timely vaccination
with the booster dose provided effective protection against COVID-19
outcomes (Huang et al., 2022; Huang et al., 2023; McMenamin et al.,
2022). In our study, a total 222 patients received at least one dose (4
doses, n = 3; 3 doses, n = 130; 2 doses, n = 53; 1 dose, n = 36), showing
consistent results with these reports. The SARS-CoV-2 omicron is the
main variant causing the epidemic wave of COVID-19 between
November 2021 and February 2023 in 189 countries (Niu et al., 2023).
The eventual cancellation of zero COVID-19 policy in China on
December 7, 2022 contributed to an unprecedented large-scale omicron
wave in December 2022 together with a sharp rise in influenza incidence
in February 2023 (Zeng et al., 2023). This was consistent with the
variant type identified in our patients.

For healthcare systems to cope better during a disease X event than
during COVID-19, multiple highly specific artificial intelligence (AI)
algorithms should be proposed and targeted for solving specific prob-
lems (Radanliev & De Roure, 2023). Indeed, Al algorithms have already
been used to help mitigate the impact of COVID-19 outbreak (Khan
et al., 2021). A healthcare system supported by autonomous Al may use
the real-time data on COVID-19 vaccination risk factors for older people
to assess adverse events, besides to tackle to the logistical challenges and
disruption of complex production and supply chains for vaccine distri-
bution (Radanliev & De Roure, 2022, 2023).

There are some unresolved questions showing the limitations of this
study. First, the small sample size in this study limits further assessment
of the effect of vaccine type, vaccination dose, time interval between the
two vaccine doses, and viral variants on disease progression. Although
the vaccination showed efficiency in reducing the mortality and severe
and critically ill, the statistical differences were not significant due to a
relatively small sample size in this study. Second, immunologic studies
have different vaccine types may contribute to product-specific antibody
responses after vaccination; however, the association between types of
COVID-19 vaccine and risk of COVID-19 hospitalization was not
analyzed in this study. Third, this analysis cannot inform whether
declining immunity or evasion of immunity by the variants contributes
to the low likelihood association between COVID-19 vaccine and disease
severity. Fourthly, the current study did not compare the LoS and frac-
tion of inspired oxygen for different doses of vaccination because of the
sample size, and we will increase the sample size to investigate the ef-
fects in the future.

5. Conclusions

Vaccination with COVID-19 vaccine led to decreased hospital LoS
and fraction of inspired oxygen after adjusting age, gender, BMI, resi-
dential area, smoking status and CCI score. The vaccination triggered
decrease in the severe and critically ill, mortality, and endotracheal
intubation compared with the unvaccinated counterparts although there
were no statistical differences. The statistical differences would be sig-
nificant with the increase of the sample size. Finally, it is remarkable
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that digital healthcare systems should be adequately applied to evaluate
the vaccination risk or adverse events for older patients.
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